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chemical  solutions  in  one  appendix  at  the  end,  and  uniting  all  the 
questions  of  disinfection  and  deodorisation  in  one  chapter.  The 
prefaces  to  former  editions  have  been  omitted,  as  being  no  longer 
required.    The  index  is  as  full  as  on  the  last  occasion. 

F.  DE  CHAUMONT. 
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INTRODUCTION. 


<? 

Hygiene  is  the  art  of  preserving  health ;  that  is,  of  obtaining  the  most  perfect 
action  of  body  and  mind  during  as  long  a  period  as  is  consistent  with  the 
laws  of  life.  In  other  words,  it  aims  at  rendering  growth  more  perfect,  decay- 
less  rapid,  life  more  vigorous,  death  more  remote. 

This  art  has  been  practised  from  the  earliest  times.  Before  Hippocrates 
there  were  treatises  on  hygiene,  which  that  great  master  evidently  embodied 
in  his  incomparable  works.  It  was  then  based  on  what  we  should  now  call 
empirical  rules — viz.,  simply  on  observations  of  what  seemed  good  or  bad  for 
health.  Very  early,  indeed,  the  effects  of  diet  and  of  exercise  were  carefully 
noticed,  and  were  considered  the  basis  of  hygiene. ^  Hippocrates,  indeed, 
appears  to  have  had  a  clear  conception  of  the  relation  between  the  amount  of 
food  taken  and  of  the  mechanical  energy  produced  by  itj  at  leasb,  he  is 
extremely  careful  in  pointing  out  that  there  must  be  an  exact  balance  between 
food  and  exercise,  and  that  disease  results  from  excess  either  way. 

The  effects  on  health  of  different  kinds  of  air,  of  water,  and  to  some  extent 
of  soils,  were  also  considered  at  a  very  early  date  ;  though  naturally  the  igno- 
rance of  chemistry  prevented  any  great  advance  in  this  direction.  Hippocrates 
summed  up  the  existing  knowledge  of  his  time  on  the  six  articles,  which  in 
after-days  received  the  absurd  name  of  the  "  l^on-naturals. "  ^  The  six  articles, 
whose  regulation  was  considered  indispensably  necessary  to  the  life  of  man, 
were — air,  aliment,  exercise  and  rest,  sleep  and  wakefulness,  repletion  and 
evacuation,  the  passions  and  affections  of  the  mind. 

With  the  exception  of  the  attempts  of  the  alchemists,  and  of  the  chemical 
physicians,  to  discover  some  agent  or  drug  which  might  increase  or  strengthen 
the  principle  of  life,^  the  practice  of  hygiene  remained  within  the  same  limits 


1  Herodicus,  one  of  the  preceptors  of  Hippocrates,  was  the  first  to  introduce  medicinal 
gymnastics  for  the  improvement  of  health  and  the  cure  of  disease ;  though  gymnastics  in  train- 
ing for  war  had  been  used  long  before.  Plutarch  says  of  him,  that  labouring  under  a  decay 
which  he  knew  could  not  be  perfectly  cured,  he  was  the  first  who  blended  the  gymnastic  art 
with  physic,  in  such  a  manner  as  protected  to  old  age  his  own  life,  and  the  lives  of  others 
afflicted  with  the  same  disease.  He  was  censured  by  Plato  for  keeping  alive  persons  with  crazv 
constitutions. — Mackenzie  on  Health. 

2  This  title  originated  in  a  sentence  of  Galen,  and  was  introduced  into  use  by  the  jargon  of 
the  Peripatetic  school.    It  was  employed  in  all  treatises  on  hygiene  for  probably  nearly  1500 

3  It  was  when  chemistry  was  being  rudely  studied  by  the  alchemists  that  an  entirely  different 
school  of  hygiene  arose.  The  discovery  of  chemical  agents,  and  the  great  effect  they  produce 
on  the  body  led  to  the  notion  that  they  could  in  some  way  aid  the  forces  of  life  and  insure  a 
prolonged,  if  not  an  eternal  youth,  and  a  life  of  ages  instead  of  one  of  years     Tl'iis  belief  the 
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until  physiology  (the  knowledge  of  the  laws  of  life)  began  to  be  studied. 
Hygiene  then  began  to  acquire  a  scientific  basis.  Still  retaining  its  empirical 
foundation  drawn  from  observation,  it  has  now  commenced  to  apply  the 
discoveries  of  physiology  to  the  improvement  of  health,  and  to  test  the  value 
of  its  own  rules  by  this  new  light.  It  is  now  gradually  becoming  an  art 
based  on  the  science  of  physiology,  with  whose  progress  its  future  is  identified. 

But  the  art  of  hygiene  has  at  present  still  another  object.  If  we  had  a 
perfect  knowledge  of  the  laws  of  life,  and  could  practically  apply  this  know- 
ledge in  a  perfect  system  of  hygienic  rules,  disease  would  be  impossible. 
But  at  present  disease  exists  in  a  thousand  forms,  and  the  human  race  lan- 
guishes, and  at  times  almost  perishes,  under  the  grievous  yoke.  The  study 
of  the  causes  of  disease  is  strictly  a  part  of  physiology,^  but  it  can  only  be 
carried  out  by  the  practical  physician,  since  an  accurate  identification  of  the 
diseases  is  the  first  necessary  step  in  the  investigation  of  causes. 

The  causes  being  investigated,  the  art  of  hygiene  then  comes  in  to  form 
rules  which  may  prevent  the  causes  or  render  the  frame  more  fitted  to  bear 
them ;  and  as  in  the  former  case  it  was  the  exponent  of  physiology,  in  this 
case  it  becomes  the  servant  of  the  pathologist. 

Taking  the  word  hygiene  in  the  largest  sense,  it  signifies  rules  for  perfect 
culture  of  mind  and  body.  It  is  impossible  to  dissociate  the  two.  The  body 
is  affected  by  every  mental  and  moral  action ;  the  mind  is  profoundly  in- 
fluenced by  bodily  conditions.  For  a  perfect  system  of  hygiene  we  must 
train  the  body,  the  intellect,  and  the  moral  faculties  in  a  perfect  and 
balanced  order. 

But  is  such  a  system  possible  1 

Is  there,  or  will  there  ever  be,  such  an  art,  or  is  the  belief  that  there  wUl 
be,  one  of  those  dreams  which  breathe  a  blind  hope  into  us,  a  hope  born  only 
of  our  longings,  and  destined  to  die  of  our  experience?  And,  indeed,  when 
we  look  around  us  and  consider  the  condition  of  the  world — the  abundance 

natural  result  of  the  discovery  of  new  powers,  has  not  yet  entirely  died  out ;  and  while  there 
are  some  who  still  look  to  every  fresh  agent  as  possibly  containing  "the  ba  sam  of  lite,  there 
are  also  still  enthusiasts  who  search  the  mystic  tomes  of  the  alchemists  or  the  Rosicrucians  m 
the  faith  that,  after  all,  the  great  secret  was  really  found.  It  may  be  worth  while  to  consider 
the  idea  which  underlaid  the  dreams  of  the  alchemists.  Life  was  looked  on  as  an  entity  or 
principle  liable  to  constant  waste,  and  to  eventual  expenditure.  If  some  agent  could  be  found 
to  arrest  the  waste,  to  crystallise,  as  it  were,  the  tissues  in  their  lull  growth  and  vigour,  decay, 
it  was  conceived,  ;ould  be  impossible,  and  youth  would  be  eternah  In  other  cases,  it  was 
supposed  that  the  agent  would  itself  contain  the  principle  of  life,  and  therefore  would  at  once 
?So?e  destroyed  health,  and  recall  again  departed  youth  We  now  know  tins  ulea  to  be  wrong 
m  every  point.  The  constant  decay  the  alchem  sts  sought  to  check  is  li  e  tself,  for  life  is  but 
incessant  change,  and  what  we  call  decay  is  only  a  metamorphosis  of  energy  To  ariest  tlie 
chan-es  in  the  body  for  one  single  moment  would  be  death,  or,  short  ot  death,  it  would  be 
lessening  Sf  the  energy  which  is  the  expression  of  life  Nor  is  there  any  hope  f  f  tj^^l, f  f^^- 
sion  of  the  period  of  vital  energy  can  ever  be  accomplished  except  by  i^^P^'"^"'?, ° 
the  tissues  Here  indeed,  it  s  iust  possible  that,  in  time  to  come,  drugs  will  aid  Hjgiene, 
eitLr  by  bettS  P^a^^^^  or  the  purposes  of  nutrition,  or  by  removing  or  preventing 

tite  cSenTfcal^  iiAhe  tissues  whLi  le.call  decay     But  at  P^tbiriand 

can  be  laid  down  for  the  use  of  drugs  in  hygiene,  except  in  that  ^^^'1^'^';^^ 
between  hygiene  and  the  practice  of  medicine,  that  is,  in  that  uncertam  region  which  we  do 

■nrA  like  to  call  disease,  and  vet  which  is  not  health,  ,  

""^i  P l  ysYology  and  pathology  are,  in  fact,  one ;  normal  and  abnormal  life  ^^gnlar  and  |rr^^^ 
crrowth  and  decay,  must  be  studied  together,  just  as,  in  fact,  human  Pl^J?  °log>'.i%  "1^' ^^^^ 
l^thout  the  study  of  all  the  other  forms  of  liic,  animal  and  vegetable,  which  are  m  the  world. 
Separated  for  convenience,  these  various  studies  will  liually  converge. 
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of  life,  its  appalling  waste;  the  wonderful  contrivances  of  the  animal  king- 
dom, the  apparent  indifference  with  which  they  are  trampled  under  foot;  the 
gift  of  mind,  its  awful  perversion  and  alienations;  and  when,  especially,  we 
note  the  condition  of  the  human  race,  and  consider  what  it  apparently  might 
he,  and  what  it  is;  its  marvellous  endowments  and  lofty  powers;  its  terrible 
sufferings  and  abasement;  its  capacity  for  happiness,  and  its  cup  of  sorrow; 
the  boon  of  glowing  health,  and  the  thousand  diseases  and  painful  deaths, — 
he  must  indeed  be  gifted  with  sublime  endurance  or  undying  faith  who  can 
still  believe  that  out  of  this  chaos  order  can  come,  or  out  of  this  suffering 
happiness  and  health. 

Whether  the  world  is  ever  to  see  such  a  consummation  no  man  can  say;  but 
as  ages  roll  on,  hope  does  in  some  measure  grow.  In  the  midst  of  all  our 
weaknesses,  and  all  our  many  errors,  we  are  certainly  gaining  knowledge,  and 
that  knowledge  tells  us,  in  no  doubtful  terms,  that  the  fate  of  man  is  in  his 
own  hands. 

It  is  undoubtedly  true  that  we  can,  even  now,  literally  choose  between 
health  or  disease ;  not,  perhaps,  always  individually,  for  the  sins  of  our 
fathers  may  be  visited  upon  us,  or  the  customs  of  our  life  and  the  chains  of 
our  civilisation  and  social  customs  may  gall  us,  or  even  our  fellow-men  may 
deny  us  health,  or  the  knowledge  which  leads  to  health.  But  as  a  race,  man 
holds  his  own  destiny,  and  can  Choose  between  good  and  evil ;  and  as  time 
unrolls  the  scheme  of  the  world,  it  is  not  too  much  to  hope  that  the  choice 
will  be  for  good. 

Looking  only  to  the  part  of  hygiene  which  concerns  the  physician,  a  perfect 
system  of  rules  of  health  would  be  best  arranged  in  an  orderly  series  of  this 
kind. 

The  rules  would  commence  with  the  regulation  of  the  mother's  health  while 
bearing  her  child,  so  that  the  growth  of  the  new  being  should  be  as  perfect  as 
possible.  Then,  after  birth,  the  rules  (different  for-  each  sex  at  certain  times) 
w^ould  embrace  three  epochs  ;  ^  of  growth  (including  infancy  and  youth) ;  of 
maturity,  when  for  many  years  the  body  remains  apparently  stationary ;  or 
decay,  when,  without  actual  disease,  though,  doubtless,  in  consequence  of  some 
chemical  changes,  molecular  feebleness  and  death  commence  in  some  part  or 
other,  forerunning  general  decay  and  death. 

In  these  several  epochs  of  his  life,  the  human  being  would  have  to  be 
considered — 

1st,  In  relation  to  the  natural  conditions  which  surround  him,  and  which  are 
essential  for  life,  such  as  the  air  he  breathes ;  the  water  he  drinks ;  his  food, 
the  source  of  all  bodily  and  mental  acts  ;  the  soil  which  he  moves  on,  and  thd 
sun  which  warms  and  lights  him,  &c. ;  in  fact,  in  relation  to  nature  at  large. 

2d,  In  his  social  and  corporate  relations,  as  a  member  of  a  community  with 


First  expressly  noted  by  Galen. 
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certain  customs,  trades,  conditions  of  dwellings,  clothing,  &c. ;  subjected  to 
social  and  political  influences,  sexual  relations,  &c. 

M,  In  his  capacity  as  an  independent  being,  having  within  himself  sources 
of  action,  in  thoughts,  feelings,  desires,  personal  habits,  all  of  which  affect 
health,  and  which  require  self-regulation  and  control. 

Even  now,  incomplete  as  hygiene  necessarily  is,  such  a  work  would,  if 
followed,  almost  change  the  face  of  the  world.    But  would  it  be  followed  ? 

In  some  cases  the  rules  of  hygiene  could  not  be  followed,  however  much 
the  individual  might  desire  to  do  so.  For  example,  pure  air  is  a  necessity  for 
health ;  but  an  individual  may  have  little  control  over  the  air  which  surrounds 
him,  and  which  he  must  draw  into  his  lungs.  He  may  be  powerless  to  pre- 
vent other  persons  from  contaminating  his  air,  and  thereby  striking  at  the 
very  foundation  of  his  health  and  happiness.  Here,  as  in  so  many  other  cases 
which  demand  regulation  of  the  conduct  of  the  individuals  towards  each  other, 
the  State  steps  in  for  the  protection  of  its  citizens,  and  enacts  rules  which  shall 
be  binding  upon  all.  Hence  arises  what  is  now  termed  "  kState  Medicine,"  a 
matter  of  the  greatest  importance.  The  fact  of  "  State  Medicine  "  being  pos- 
sible, marks  an  epoch  in  which  some  sanitary  rules  receive  a  general  consent, 
and  indicates  an  advancing  civilisation.  Fear  has  been  expressed  lest  State 
Medicine  should  press  too  much  on  the  individual,  and  should  too  much  lessen 
the  freedom  of  personal  action.  This,  however,  is  not  likely,  as  long  as  the 
State  acts  cautiously,  and  only  on  well-assured  scientific  grounds,  and  as  long 
as  an  unshackled  Press  discusses  with  freedom  every  step.^ 

There  are,  however,  some  cases  in  which  the  State  cannot  easily  interfere, 
though  the  individual  may  be  placed  under  unfavourable  hygienic  conditions 
by  the  action  of  others.    For  example,  in  many  trades,  the  employed  are  sub- 


1  A  watchful  care  over  the  health  of  the  people,  and  a  due  regulation  of  matters  •which  con- 
cern their  health,  is  certainly  one  of  the  most  important  fimctions  of  Government.  The  fact 
that,  in  modem  times,  the  subject  of  hygiene  generally,  and  State  Medicine  in  particular,  has 
commenced  to  attract  so  much  the  public  attention,  is  undoubtedly  owing  to  the  application  of 
statistics  to  publi  chealth.  It  is  impossible  for  any  nation,  or  for  any  Government,  to  remain 
indifferent  when,  in  figures  which  admit  of  no  denial,  the  national  amount  of  health  and  happi- 
ness, or  disease  and  suffering,  is  determined.  The  early  Statistical  Eeports  of  the  Army  by 
TuUoch,  Marshall,  and  Balfour,  directed  attention  to  the  importance  of  this  matter.  The 
establishment  of  the  Registrar- General's  office  in  1838,  and  the  commencement  of  the  system  of 
accurately  recording  births  and  deaths,  will  hereafter  be  found  to  be,  as  far  as  the  happiness 
of  the  people  is  concerned,  one  of  the  most  important  events  of  our  time.  We  owe  a  nation's 
gratitude  especially  to  him  to  whose  sagacity  the  chief  fruits  of  the  inquiry  are  due,  to  William 
Farr. 

Another  action  of  the  Government  in  our  day  was  scarcely  less  important.  It  is  impossible 
to  overrate  the  value  of  the  Government  Inquiry  into  the  Health  of  Towns,  and  of  the  country 
generally,  which  was  commenced  forty  years  ago  by  Edwin  Chadwicli,  Sonthwood  Smith, 
Neil  Arnott,  Sutherland,  Guy,  Toynbee,  and  others,  and  has,  in  fact,  been  continued  ever  since 
by  the  official  successors  of  these  pioneers,  the  former  medical  officer  to  the  Privy  Council, 
Mr.  Simon,  the  late  Dr.  Seaton,  and  the  present  medical  officer  of  the  Local  Government 
Board,  Dr.  Buchanan.  Consequent  on  this  movement  came  the  appointment  of  medical  officers 
of  health  to  the  different  towns  and  parishes.  The  reports  published  by  many  of  these 
gentlemen  have  greatly  advanced  the  subject,  and  have  done  much  to  diifuse  a  knowledge  of 
hygiene  among  the  people,  and  at  the  same  time  to  extend  and  render  precise  our  knowledge 
of  the  conditions  of  national  health.  When  the  effect  of  all  these  researches  and  measures 
develops  itself,  it  will  be  seen  that  even  great  wars  and  political  earthquakes  are  real  y  nothing 
in  comparison  with  these  silent  social  changes.  Even  now  legislation,  such  as  the  1  ublic  Health 
Act,  1875,  and  the  various  measures  since  passed,  is  beginning  to  exert  a  deep  influence. 
Legislation,  and  action  based  on  legislation,  can  only  proceed  slowly,  and  we  must  be  satisfied 
if  there  be  a  continual  advance,  though  it  may  not  be  so  rapid  as  some  desire. 
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jected  to  danger  from  the  carelessness,  or  avarice,  or  ignorance  of  the  em- 
ployers. Every  year  the  State  is,  however,  very  properly  more  and  more 
interposing  and  shielding  the  workman  against  the  dangers  which  an  ignorant 
or  careless  master  brings  on  him. 

But  in  other  cases  the  State  can  hardly  interpose  with  effect ;  and  the 
growth  of  sanitary  knowledge,  and  the  pressure  of  j)ublic  opinion,  alone  can 
work  a  cure,  as,  for  example,  in  the  case  of  the  dwellings  af  our  poorer  classes. 
In  many  parts  of  the  country  the  cottages  are  unfit  for  human  beings ;  in 
many  of  our  towns,  the  cupidity  of  builders  runs  up  houses  of  the  most  miser- 
able structure,  for  which  there  is  unhappily  no  lack  of  applicants ;  or  masters 
oblige  their  men  to  work  in  rooms,  or  to  follow  plans  which  are  most  detri- 
mental to  health. 

But  even  in  such  cases  it  will  be  always  found  that  self-interest  would 
really  indicate  that  the  best  course  is  that  we  should  do  for  our  neighbours 
as  for  ourselves.  Analyse  also  the  effect  of  such  selfishness  and  carelessness 
as  has  been  referred  to  on  the  nation  at  large,  and  we  shall  fiind  that  the 
partial  gain  to  the  individual  is  far  more  than  counterbalanced  by  the  injury 
to  the  State,  by  the  discontent,  recklessness,  and  indifference  produced  in 
the  persons  who  suffer,  and  which  may  have  a  disastrous  national  result.  It 
is  but  too  commonly  forgotten  that  the  whole  nation  is  interested  in  the 
proper  treatment  of  every  one  of  its  members,  and  in  its  own  interest  has  a 
right  to  see  that  the  relations  between  individuals  are  not  such  as  in  any 
way  to  injure  the  well-being  of  the  community  at  large. 

In  many  cases,  again,  the  employer  of  labour  finds  that,  by  proper  sanitary 
care  of  his  men,  he  reaps  at  once  an  advantage  in  better  and  more  zealous 
work,  in  fewer  interruptions  from  ill  health,  &c.,  so  that  his  apparent  outlay 
is  more  than  compensated. 

This  is  shown  in  the  strongest  light  by  the  army.  The  State  employs  a 
large  number  of  men,  whom  it  places  under  its  own  social  and  sanitary  con- 
ditions. It  removes  from  them  much  of  the  self-control  with  regard  to 
hygienic  rules  which  other  men  possess,  and  is  therefore  bound  by  every 
principle  of  honeat  and  fair  contract  to  see  that  these  men  are  in  no  way 
injured  by  its  system.  But  more  than  this  :  it  is  as  much  bound  by  its  self- 
interest.  It  has  been  proved  over  and  over  again  that  nothing  is  so  costly  in 
all  ways  as  disease,  and  that  nothing  is  so  remunerative  as  the  outlay  which 
augments  health,  and  in  doing  so,  augments  the  amount  and  value  of  the 
work  done. 

It  was  the  moral  argument  as  well  as  the  financial  one  which  led  Lord 
Herbert  to  devote  his  life  to  the  task  of  doing  justice  to  the  soldier,  of  in- 
creasing the  amount  of  his  health,  and  moral  and  mental  training,  and,  in  so 
doing,  of  augmenting  not  only  his  happiness,  but  the  value  of  his'  services  to 
the  country. 
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The  supply  of  wholesome  water  in  sufficient  quantity  is  a  fundamental 
sanitary  necessity.  Without  it  injury  to  health  inevitably  arises,  teither 
simply  from  deficiency  of  quantity,  or  more  frequently  from  the  presence  of 
impurities.  In  all  sanitary  investigations,  the  question  of  the  water-supply 
is  one  of  the  first  points  of  inquiry,  and  of  late  years  quite  unexpected 
evidence  has  been  obtained  -of  the  frequency  with  which  diseases  are 
introduced  by  the  agency  of  water.  In  such  an  investigation,  if  the  headings 
of  the  sub-sections  of  this  chapter  are  followed,  and  the  facts  are  noted  under 
each  heading  in  order,  it  will  be  hardly  possible  to  overlook  any  condition 
which  may  have  afi"ected  health.  The  order  of  investigation  would  be  as 
follows  :— Quantity  of  water  per  head  ;  how  is  it  collected  j  stored  ;  distri- 
buted ;  what  is  its  composition;  is  it  wholesome  water  at  its  source  and 
throughout,  or  has  it  been  contaminated  at  any  point  of  its  distribution;  what 
are  the  effects  presumed  to  arise  from  it  1 1 

SECTrON  I. 

ON  THE  QUANTITY  AND  SUPPLY  OF  WATER. 

Sub-Section  I— 1.  Quantity  of  Water  for  Healthy  Men. 

In  estimating  the  quantity  of  water  required  daily  for  each  person,  it  is 
necessary  to  allow  a  liberal  supply.    There  should  be  economy  and  avoidance 
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of  waste  ;  but  still,  any  error  in  supply  had  far  better  he  on  the  side  of  excess. 
In  England  many  poor  families,  either  from  the  difficulty  of  obtaining  water, 
or  of  getting  rid  of  it,  or  from  the  habits  of  uncleanliiiess  thus  handed  down 
from  father  to  son,  use  an  extremely  small  amount.  It  would  be  quite 
incorrect  to  take  this  amount  as  the  standard  for  the  community  at  large,  or 
even  to  fix  the  smallest  quantity  which  will  just  suffice  for  moderate  cleanli- 
ness. It  is  almost  impossible  to  give  a  definition  of  cleanliness,  nor  perhaps 
is  it  necessary,  since  there  is  a  general  understanding  of  what  is  meant. 

It  must  be  clearly  understood  for  what  purposes  water  is  supplied.    It  may 

be  required  for  drinking,  cooking,  and  ablution  of  persons,  clothes,  utensils, 

and  houses ;  for  cleansing  of  closets,  sewers,  and  streets  ;  for  the  drinking  and 

washing  of  animals,  washing  of  carriages  and  stables  ;  for  trade  purposes ;  for 

extinguishing  fires  ;  for  public  fountains  or  baths,  &c. 

In  towns  supplied  by  water  companies,  the  usual  mode  of  reckoning  is  to 

divide  the  total  daily  supply  in  gallons  by  the  total  population,  and  to  express 

the  amount  per  head  per  diem. 

The  following  are  some  of  the  gross  amounts  used  at  the  present  time  tor 

all  the  above  purposes,  as  judged  of  in  this  way  :— 


New  Eiver  Company  in  London,  1879,^ 
East  London  Water- Work  Company,  „ 
Kent  n  5'  " 

Chelsea  >5  r> 

West  Middlesex   „  „ 
Grand  Junction    „  „ 
Southwark  and  VauxhaU      „  „ 
Lambeth 


Gallons  per  head 
of  populaticm  dally, 

28-  7 
34-2 

29-  1 
36-5 
26-5 
32-9 
40-9 
31-5 


Average  of  London  Districts, 

Southampton  Water-Work  Company,  1879, 
Glasgow  „  ?5  J' 

Edinburgh,    .  .  ■  • 

Liverpool,      .  .  •  •  • 

Sheffield,       ,  .  -  •  • 

PclXlS  •  •  •  •  * 

Calcutta  (for  Europeans),^  amount  originally  intended 

„       (for  Natives),         „  »  » 

New  York,* 


32-7 

35 
50 
35 
30  2 

20 

31 

30? 

15? 

83 


In  1857  the  average  supply  to  fourteen  English  towns  of  second-rate 
magnitude  was  24  gallons.  The  average  of  72  English  and  Scotch  towns, 
sup?^^^ed  onTe  constant  system,  is  134-4  gallons  per  house  (but  this  includes 
tSpply  to  factories,  of  which  there  were  16,087  to  889,028  houses)  or  at 
5  persoL  to  each  house),  26-7  per  head ;  of  23  towns,  ^-V^^^^  ^^^^^^^ 
termittent  system^27_per_house,  254  head,  including  1367  factoiies  t.. 

the  House  of  Covimor^  on  Loridon  ^'^''^^f '^f  \^4^'TLnes  Ti  e  Edinburgh  amount  is 
three  first  on  the  list  the  London  supply  is  irom  the  ihanies.  ^  ^^^^^^^ 

taken  from  the  same  work.  „„„       gallons  of  filtered  water  ;  in  1879  it 

3  The  daily  supply  in  Calcutta  was,  This,  however,  after  all 

was  n  niillons  and  1  million  gallons  ^^^'^^^^^'J;,^  A  new  sciieme  is  in  progress, 

deductions,  only  left  3  gallons  per  head  fo^^'-J"^^^  per  head, 

which  will  provide  8,000,000  moi-e  daily,  thus  securing  l^galloi   i  ^^^^^^ 

i  In  former  editions  this  was  ^t^^t^^V.^tf  J^J^'^g  ea^?^^^^^  83  imperial  gallons. 
Public  Health.    These  are,  however,  U.  b.  gallons,  equai  w  oo     i  b 
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1 37,414  houses ;  and  of  London,  also  ou  the  intermittent  system,  204,  or  41  jior 
head,  inchiding  5340  factories  to  499,582  houses.^  The  range  in  individual 
cases  is,  however,  very  great,  from  25  gallons  per  house  (5  per  head)  in  one 
'  small  town  to  700  at  Middlesborough  (140  per  head).  Mr.  Bateman  states 
that  in  the  manufacturing  towns  of  Lancashire  and  Yorkshire,  the  present 
amount  is  from  16  to  21  gallons  j  in  some  cases  less.^ 

At  Norwich  about  14|  gallons  daily  per  head  are  supplied  on  the  constant 
system,  of  which  10-5  are  taken  for  domestic  purposes,  3  for  trade,  and  '7 
gallons  for  public  and  sanitary  purposes.  ^  In  Manchester  the  supply  is  also 
constant,  and  is  14  gallons  per  head  for  domestic,  and  7  for  trade  purposes.  In 
1878  in  15  American  cities  the  supply  was  on  the  average  55  gallons  per  head. ^ 

By  decision  of  the  Secretary  of  State  for  war,  a  soldier  receives  15  gallons 
daily ;  no  extra  allowance  is  made  for  the  wives  and  children  in  a  regimsnt. 

The  gross  amount  thus  taken  is  used  for  different  purposes,  which  must  be 
now  considered. 


Amount  for  Domestic  Purposes,  excluding  Water-Closets. 

This  item  includes  drinking,  cooking,  washing  the  person,  the  clothes,  the 
house  utensils,  and  the  house. 

An  adult  requires  daily  about  70  to  100  ounces  (3|-  to  5  pints)  of  water  for 
nutrition  ;  but  about  20  to  30  ounces  of  this  are  contained  in  the  bread,  meat, 
&c.,  of  his  food,  and  the  remainder  is  taken  in  some  form  of  liquid.  There 
are,  however,  wide  ranges  from  the  average.  Women  drink  rather  less  than 
men ;  children  drink,  of  course,  absolutely  less,  but  more  in  proportion  to 
then-  bulk  than  adults.  The  rules  for  transport  vessels  allow  8  pints  in,  and 
6  out  of  the  tropics  for  cooking  and  drinking.  During  hot  weather  and  great 
exertion  a  man  will,  of  course,  drink  much  more. 

In  some  experiments  made  for  the  War  Office  in  1866,  at  the  Richmond 
Barracks  in  Dublin  and  the  Anglesea  Barracks  in  Portsmouth,  the  amount  of 
the  different  items  of  the  -domestic  supply  (excluding  latrines,  which  taks  5 
gallons  per  head)  is  thus  ^ven  : —  Gallons  per 

^  -I  soldier  dally. 

Cook-house,        .          .  .          .          _          ^  ^ 

Ablution  rooms  and  baths,  ....  4 

Cleaning  barracks,           .  .           .                     ^  2-25 

Wash-house  and  married  people,  .          .          .  2-5 

9-75 

Dr.  Parkes  measured  the  water  expended  in  several  cases;  the  following  was 
the  amount  used  by  a  man  in  the  middle  class,  who  may  be  taken  as  a  fair 
type  of  a  cleanly  man  belonging  to  a  fairly  clean  household  .—     Gallons  daily 

Cooking,         .  .  .  .  _  _  ^  peronepe^rson. 

Fluids  as  drink  (water,  tea,  coffee),    .  ."  \  '  .33 

Ablution,  including  a  daily  sponge-bath,  which  took  U  to  3  galls.,  5 
bhare  of  utensil  and  house-washing,  ....  3 
Share  of  clothes  (laundry)  washing  estimated,  '.  \  3 
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1  Sixth  Report  of  the  Rivers  Pollution  Commissioners,  pp.  232,  233) 
.3  p?  table  m  the  ^xiA  Report  of  the  Rivers  Pollution  Commissioners. 

mt  Se.  ^     ■  saving  was  accomplished  by  taking  steps  to  pre- 


Nichd'sTn  ?i9?«^r'-  ™  Kva^'''^^  vol.  i.  p.  180,    A  table  is  also  given  bv  Prof  W  R 

to  116  in^ashingtor^      '™  *°  ^^^§^"§^^0"^  20  imperial  gallons  in  Louisville 
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These  results  are  tolerablj''  accordant  with  the  Dubhn  experiments,  if  we 
remember  that  with  a  large  household  there  is  economy  of  water  in  washing 
utensils  and  clothes,  and  that  the  number  of  wives  and  children  in  a  regiment 
is  not  great.  In  poor  families,  who  draw  water  from  wells,  the  amount  has 
been  found  to  vary  from  2  to  4  gallons  per  head,  but  then  there  was  certainly 
not  perfect  cleanliness. 

Mr.  Eateman^  states  that  in  a  group  of  cottages  with  82  inmates,  the  daily 
average  amount  was  7^  gallons  per  head,  and  in  another  group  5  gallons  per 
head.  Dr.  Letheby  found  in  the  poor  houses  in  the  city  of  London  the  amount 
to  be  5  gallons.  2  In  experiments  in  model  lodging-houses,  Mr.  Muir  states 
that  7  gallons  daily  were  used.^  Mr  Easton,  in.  his  own  house  in  London, 
found  he  used  about  12  gallons  per  head,  of  which  about  5  were  for  closets, 
leaving  7  for  other  uses  ;  but  probably  the  laundry  washing  was  not  included. 
In  the  convict  prison  at  Portsmouth,  where  there  are  water-closets,  and  each 
prisoner  has  a  general  bath  once  a  week,  the  amount  is  11  gallons  (Wilson). 

In  several  of  the  instances  just  referred  to,  it  may  be  questioned  whether 
the  amount  of  cleanliness  was  equal  to  what  would  be  expected  in  the  higher 
ranks.  In  most  instances  quoted  no  general  baths  were  used  ;  but  it  is  now 
becoming  so  common  in  England  to  have  bath-rooms,  that  it  is  said  they  are 
often  put  even  in  eight-roomed  houses.  A  general  bath  for  an  adult  requires, 
with  the  smallest  adult  bath  {i.e.,  only  4  feet  long  and  1  foot  9  inches  wide), 
38  gallons,  and  many  baths  will  contain  50  to  60  gallons.  A  good  shower- 
bath  will  deliver  3  to  6  gallons.  General  baths  used  only  once  a  week  will 
add  5  or  6  gallons  per  head  to  the  daily  consumption. 

We  may  safely  estimate  that  for  personal  and  domestic  use,  -^^ithout  baths, 
12  gallons  per  head  daily  should  be  given  as  a  usual  minimum  supply; 
and  with  baths  and  perfect  cleanhness,  16  gallons  should  be  allowed.  This 
makes  no  allowance  for  water-closets  or  for  unavoidable  waste.  If  from  want 
of  supply  the  amount  of  water  mu^t  be  limited,  4  gallons  daily  per  head  for 
adults  is  probably  the  least  amount  which  ought  to  be  used,  and  in  this  case 
there  could  not  be  daily  washing  of  the  whole  body,  and  there  must  be  in- 
sufficient change  of  underclothing. 

If  pubhc  baths  are  used  the  amount  must  be  greatly  increased.  The  largest 
baths  the  world  has  seen,  those  of  Ancient  Rome,  demanded  a_  supply  of 
water  so  great  as,  according  to  Leslie's  calculations,  to  raise  the  daily  average 
jDer  head  to  at  least  300  gallons. 


Amount  for  Water-Closets. 

The  common  arrangements  with  cisterns  allow  any  quantity  of  water  to  be 
poured  down,  and  many  engineers  consider  that  the  chief  waste  of  water  is 
owincr  to  water-closets.  In  some  districts,  by  attention  to  this  pomt,  the  con- 
sumption has  been  greatly  reduced ;  in  one  case  from  30  to  18,  andm  another 
from  20  to  12  gallons  per  head.  It  has  not  yet  been  precisely  determined 
what  quantity  should  be  allowed  for  water-closets.  Small  cisterns,  termed 
water-waste  preventers,  are  usually  put  up  in  towns  with  constant_  water- 
supply,  which  give  only  a  certain  limited  amount  each  time  the  closet  is  used. 
The  iisual  size  now  in  use  holds  about  2  gallons ;  but  even  2  g^allons  are  often 
insufficient  to  keep  the  pan  and  soil-pipe  perfectly  clean.  This  depends  a 
good  deal  upon  the  kind  of  closet  used.    The  water-waste  preventer  must  be 

1  On  Constant  Water  Supply,  by  Messrs  Bateman,  Beggs,  5,"<J^^^"^^^3  .g^^  2347 

2  Report  of  the  East  London  Water  Bill  Committee,  18b^    Questions  ^d4b  and  Z6it. 

3  Ibid,  p. '5. 
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sometimes  allowed  to  fill  again,  and  be  again  emptied.  Considering  also  that 
some  persons  will  use  the  closet  twice  daily  and  sometimes  oftener,  and  that 
occasionally  more  water  must  be  used  for  thoroughly  flushing  the  pan  and 
soil-pipe,  6  gallons  a  day  per  head  should  probably  be  allowed  for  closets. 
In  this  particular  instance  a  false  economy  in  the  use  of  water  is  most 
undesirable.  Water  latrines  require  less  ;  the  amount  is  not  precisely  known  ; 
the  experiments  of  the  Eoyal  Engineers  at  Dublin  give  an  average  of  5 
gallons  per  head,  but  it  is  considered  this  might  be  reduced. 

In  fixing  the  above  quantities,  viz.,  12  gallons  per  head  for  all  domestic 
purposes  except  general  baths  and  closets,  4  gallons  additional  for  general 
baths,  and  6  for  water-closets,  endeavours  have  been  made  to  base  them  upon 
facts,  and  they  are  probably  not  much  in  error.  It  is,  however,  necessary  to 
make  some  allowance  for  unavoidable  waste  within  the  premises,  and  for 
extra  supply  to  closets,  and  it  will  be  a  moderate  estimate  to  allow  3  gallons 
daily  per  head  for  this  purpose.    This  will  make  25  gallons. 

There  is  another  reason  for  believing  that  an  amount  of  about  25  gallons 
per  head  should  pass  from  every  house  daily  into  sewers,  if  sewers  are  used. 
It  is  that  in  most  cases  this  quantity  seems  necessary  to  keep  the  sewers 
perfectly  clear,  though  in  some  cases,  no  doubt,  with  a  well-arranged  and  con- 
structed sewerage,  a  less  amount  may  sufiice.  But  the  complete  clearage  of 
sewers  is  a  matter  of  such  fundamental  importance  that  it  is  necessary  to  take 
the  safest  course.    Hitherto  much  water  has  run  merely  to  waste. 

Amount  for  Animals. 

From  experiments  conducted  in  some  cavalry  stables  in  1866,  by  the  Royal 
Engineers,  the  War  Office  authorities  have  fixed  the  daily  supply  for  cavalry 
horses  at  8  gallons,  and  for  artillery  horses  at  10  gallons  per  horse.  This  is 
to  include  washing  horses  and  carriages.  The  amount  seems  rather  small. 
Of  course  the  amount  that  horses  drink  varies  as  much  as  in  the  case  of  men, 
and  depends  on  food,  weather,  and  exertion ;  but  if  a  horse  is  allowed  free 
access  to  water  at  all  times,  and  this  should  be  the  case,  he  will  drink  on  an 
average  6  to  10  gallons,  and  at  times  more.  In  the  month  of  October,  with 
cool  weather,  a  horse  16  hands  high,  doing  8  miles  a  day  carriage  work,  and 
fed  on  corn  and  hay,  was  found  to  drink  7^  gallons.  Another  carriage  horse 
drank  nearly  the  same  amount.  In  a  stable  of  cavalry  horses,  doing  very 
little  work,  and  at  a  cool  time  of  the  year,  the  amount  per  horse  was  found  to 
be  6|-  gallons.  The  amount  used  for  washing  was  3  gallons  daily.  In  hot  and 
dirty  weather  the  quantity  for  both  purposes  would  be  larger.  Eor  washing 
a  horse  requires  at  least  1^  gallon,  and  twice  this  amount  if  he  is  washed 
twice  a  day.  There  is  a  saving,  however,  if  grooms  wash  several  horses  in  the 
same  water.  It  is  difficult  to  say  how  much  is  used  for  carriage  washing. 
On  the  whole,  including  carriage  washing,  &c.,  16  gallons  per  horse  is  not  an 
excessive  amount.  A  cow  or  an  ox,  on  dry  food,  will  drink  6  or  8  gallons  ; 
a  sheep  or  pig,  i  to  1  gallon.  In  the  Abyssinian  expedition,  the  following 
was  the  calculation  for  the  daily  expenditure  of  water  per  head  on  ship- 
board : — 

Elephants, 
Camels, 

Oxen  (large  draught),  . 
Oxen  (small  pack  animals), 
Horses, 

Mules  and  ponies, 


25  gallons. 
10  „ 
6  „ 
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For  20  elephants  and  100  men,  50,000  gallons  were  put  on  board  for  a 
voyage  of  60  days.i 

Amounts  required  for  Municipal  and  Trade  Purposes. 

For  municipal  purposes  water  is  taken  for  washing  and  watering  streets,  for 
fountams,  for  extinguishing  fires,  &c.  The  amount  for  these  and  for  trade 
purposes  will  vary  greatly.  Professor  Eanldne,2  who  gives  an  average 
allowance  of  10  gallons  per  head  for  domestic  purposes,  proposes  10  more  for 
trade  and  town  use  in  non-manufacturing  towns,  and  another  10  gallons  in 
manufacturing  towns.  Considering,  however,  the  comparatively  smdl  number 
of  horses  and  cows  in  towns  as  compared  with  the  human  population,  and  the 
frequent  rains  in  this  country  which  lessen  watering  of  streets,  the  two  latter 
quantities  might,  perhaps,  in  most  cases  be  halved. 

If,  now,  the  total  daily  amount  for  all  purposes  be  stated  per  head  of 
population,  it  will  be  as  follows  : — 

.Domestic  supply  (without  baths  or  closets), 
Add  for  general  baths. 
Water-closets,  .... 
Unavoidable  Waste, 


Total  house  supply,          .....  25 

Town  and  trade  purposes,  animals  in  non-manufacturing  \  ^ 

town,  ...../ 

Add  for  exceptional  manufacturing  towns, .          .          .  5 
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In  India  and  hot  countries  generally,  the  amounts  now  laid  down  would 
have  to  be  altered.  Much  more  must  be  allowed  for  bathing  and  for  washing 
generally,  while  a  fresh  demand  would  arise  for  water  to  cool  mats,  punkahs, 
or  air-passages  by  evaporation.  In  Calcutta  it  was  intended  to  supply  to 
Europeans  30  gallons  per  head,  and  to  natives  15  gallons  daily,^  but  the 
amount  has  been  really  much  less  up  to  the  present  time. 

In  Madras  it  was  assumed  that  the  ultimate  amount  used  would  be  20 
gallons  per  head,  including  all  residents. At  present  (in  1879)  the  total 
supply  is  about  2|  millions  daily  ;  this  in  a  population  of  about  400,000 
would  give  6|  gallons  per  head. — As  yet,  however,  all  the  population  do  not 
use  it. 

2.  Amount  eequired  for  Sick  Men. 

In  hospitals  a  much  larger  quantity  must  be  provided,  as  there  is  so  much 
more  washing  and  bathing.  From  40  to  50  gallons  per  head  are  often  used. 
There  are  no  good  experiments  as  to  the  items  of  the  consumption,  but  the 
following  is  probably  near  the  truth  : — 

1  This  information  was  derived  from  Major  Holland,  Assistant  Quartermaster-General, 
Abyssinian  Army. 
"  Civil  Engineering,  1862,  p.  731. 

3  Most  engineers  reckon  the  waste  much  higher  than  this  ;  there  is  no  doubt  much  room  for 
economy  in  this  matter.     Tlie  greatest  Waste  appears  to  be  in  transit  before  reaching  the 

houses.  .      T    i.1     T  J 

4  This  allowance  will  vary  in  every  case,  and  must  be  very  uncertain.    In  the  l<ondon 
district  18  per  cent,  is  reckoned  for  trade  purposes. 

5  Gordon's  A  rm]/  Hycjicne,  p.  426. 

6  Captain  TuUoch's  Reioort  on  the  Drainage  of  Madras,  1865,  p.  93. 
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12 
4 
6 
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Gallons  daily. 


For  drinking  and  cooking,  washing  kitchen  and      )  2  to  4 

utensils,      ....  J 
For  personal  washing  and  general  baths, 
For  laundry  washing, 
Washing  hospital,  utensils,  &c., 
Water-closets, 


18  to  20 
5  to  6 
3  to  6 
10 

38  to  46 


It  would  be  very  desirable  to  have  more  precise  data ;  possibly  the  amount 
for  closets  is  put  too  high,  but  not  greatly  so  when  all  cases  are  taken  into 
account. 

Sub-Section  II. — Collection,  Storage,  and  Distribution  of  Water. 

The  daily  necessary  quantity  of  water  per  head  being  determined,  the  next 
points  are  to  collect,  store,  and  distribute  it. 

1.  Collection. 

In  many  cases  collections  of  water  occur  naturally  in  the  depressions  of  the 
surface,  or  the  commingling  of  small  streams  forms  rivers.  The  collection  by 
•men  consists  almost  entirely  in  imitating  these  natural  processes,  and  in 
directing  to,  and  finally  arresting  at  some  point,  the  rain  or  the  streamlets 
formed  by  the  rain.  The  arrangements  necessarily  differ  in  each  case. 
Eain-water  is  collected  from  roofs,  or  occasionally  from  pavements  and  flags, 
or  cemented  grouncl;  in  hilly  countries,  with  deep  ravines^  a  reservoir  is 
sometimes  formed  by  carrying  a  wall  across  a  valley,  which  is  well  placed  for 
receiving  the  tributary  waters  of  the  adjacent  hills,  or  on  a  flatter  surface 
trenches  may  be  arranged,  leading  finally  to  an  excavated  tank. 

The  collection  of  the  surface  water  which  has  not  penetrated  is  usually 
aimed  at,  but  it  has  been  proposed  by  Mr  Bailey-Denton ^  to  collect  the  sub- 
soil water  by  drainage  pipes,  and  thus  to  accomplish  two  objects — to  dry  the 
land,  and  to  use  the  water  taken  out  of  it.  Below  the  surface  the  water  is 
collected  by  wells,  shallow,  deep,  and  Artesian,  or  by  boring. 

With  respect  to  wells,  if  they  are  situated  near  a  river,  and  do  not  produce 
sufficient  water,  it  has  been  recommended  to  lay  perforated  earthenware  pipes 
parallel  to  the  river,  and  below  its  fine-weaither  level,  in  trenches  not  less  than 
6  feet  deep,  and  filled  up  above  the  pipes  with  fine  gravel.  The  pipes  end  in 
the  well,  and  water  passing  from  the  river  and  filtered  through  the  gravel 
passes  into  them.  The  American  tube- well  (Norton's  patent)  is  a  very  useful 
invention.  It  is  merely  a  small  iron  pipe  driven  into  the  ground  in  lengths 
by  means  of  a  "  monlcey  " ;  the  water  passes  through  small  holes  in  the  lowest 
part  of  the  pipe,  and  is  drawn  up  by  a  common  or  double  action  pump 
according  to  the  depth.  ^ 

All  these  matters  fall  within  the  province  of  the  engineer,  and  the  medical 
part  of  the  question  is  chiefly  restricted  to  the  consideration  of  the  purity  of 
the  water.  The  cleanliness  and  nature  of  the  surface  (lead,  zinc,  copper,  &c.) 
on  which  rain  falls ;  the  kind  of  ground ;  and  of  cultivation  ;  the  amount  of 
manuring  ;  the  nature  of  the  subsoil  if  drainage  water  is  used,  and  points  of 


I  On  the  Supply  of  Water  to  Villages  and  Farms,  by  Mr.  Bailey-Denton  C  E 
In  the  Asharitee  Expedition  the  tube-well  did  not  succeed,  ns  it  got  clogcred  with  sand 
See  Sir  A.  D.  Home's  Report,  An)iy  Medical  Reports,  vol.  xv.  p.  247.)  °° 
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the  like  kind,  have  to  be  considered  and  supplemented  by  a  chemical 
examination. 

lialn.—Tho  amount  of  water  given  by  rain  can  be  easily  calculated,  if  two 
points  are  known,  viz.,  the  amount  of  rainfall,  and  the  area  of  the  receiving 
surtace.  _  ihc  rainfall  can  only  bo  determined  by  a  rain-gauge  (the  mode  of 
constructing  which  is  given  in  the  chapter  on  Practical  Meteorologv)  :  the 
area  of  the  receiving  surface  must  be  measured. 

Supposing  that  it  be  known  that  the  rainfall  amounts  to  24  inches  per 
annum,  and  the  area  of  the  receiving  surface  (say  the  roof  of  a  house)  is 
500  square  feet ;  . 

Multiply  the  area  by  144  (number  of  square  inches  in  1  square  foot),  to 
bring  it  into  square  inches,  and  multiply  this  by  the  rainfall.  The  product 
gives  the  number  of  cubic  inches  of  rain  which  fall  on  the  house-top  in  a  year, 
or  m  any  time  the  rainfall  of  which  is  known.  This  number,  if  divided  by 
277-274,  or  multipHed  by  -003607,  will  give  the  number  of  gallons  which 
the  ropf  of  the  house  will  receive  in  a  year  (viz.,  in  this  case  6232  gallons) ; 
or,  if  it  is  wished  to  express  it  in  cubic  feet,  the  number  of  cubic  inches  must 
be  divided  by  1728  (number  of  cubic  inches  in  a  cubic  foot),  or  multiplied  bv 
-00058.  ^ 

To  calculate  the  receiving  surface  of  the  roof  of  a  house,  we  must  not  take 
into  account  the  slope  of  the  roof,  but  merely  ascertain  the  area  of  the  fiat 
space  actually  covered  by  the  roof.  The  joint  areas  of  the  ground-floor  rooms 
will  be  something  less  than  the  area  of  the  roof,  which  also  covers  the  thick- 
ness of  the  walls  and  the  eaves. 

In  most  English  towns  the  amount  of  roof  space  for  each  person  cannot  be 
estimated  higher  than  60  square  feet,  and  in  some  poor  districts  is  much  less. 
Taking  the  rainfall  in  all  England  at  30  inches,  and  assuming  that  all  is  saved, 
and  that  there  is  no  loss  from  evaporation,  the  receiving  surface  for  each  person 
would  give  935  gallons,  or  ^  gallons  a  day.  But  as  few  town  houses  have 
any  reservoirs,  this  quantity  runs  in  great  part  to  waste  in  urban  districts. 
In  the  country  it  is  an  important  source  of  supply,  being  stored  in  cisterns  or 
water  butts.  If,  instead  of  the  roof  of  a  house,  the  receiving  surface  be  a 
piece  of  land,  the  amount  may  be  calculated  in  the  same  way.  It  must  be 
understood,  however,  that  this  is  the  total  amount  reaching  the  ground  ;  all 
of  this  will  not  be  available ;  some  will  sink  into  the  ground,  and  some  will 
evaporate  ;  the  quantity  lost  in  this  way  will  vary  with  the  soil  and  the  season 
from  the  one-half  to  seven-eighths.  To  facilitate  these  calculations,  tables  have 
been  constructed  by  engineers.^ 

One  inch  of  rain  delivers  4-673  gallons  on  every  square  yard,  or  22,617 
gallons  (101  tons  by  weight)  on  each  square  acre.^ 

In  estimating  the  annual  yield  of  water  from  rainfall,  and  the  yield  at  any 
one  time,  we  ought  to  know  the  greatest  annual  rainfall,  the  least,  the  average, 
the  period  of  the  year  when  it  falls,  and  the  length  of  the  rainless  season.  It 
must  also  be  remembered  that  the  amount  of  rainfall  differs  very  greatly  even 
in  iDlaces  near  together. 

Springs,  Rivers. — It  will  often  be  a  matter  of  great  importance  to  determine 
the  yield  of  springs  and  small  rivers,  as  a  body  of  men  may  have  to  be  placed 
for  some  time  in  a  particular  spot,  and  no  engineering  opinion,  perhaps,  can 
be  obtained. 

A  spring  is  measured  most  easily  by  receiving  the  water  into  a  vessel  of 
known  capacity,  and  timing  the  rate  of  filling.    The  spring  should  be  opened 

1  Bearclmore's  Manual  of  Hydrology,  p.  61 ;  see  also  table  in  Appendix  E. 

2  To  bring  cubic  inches  iiito  gallons,  multiply  by  40  and  divide  by  11,091,  or  multiply  at 
once  by  -003607. 
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up  if  necessary,  and  the  vessel  should  be  of  large  size.  The  vessel  may  he 
measured  either  by  filling  it  first  by  means  of  a  known  (pint  or  gallon) 
measure,  or  by  gauging  it.  If  it  be  round  or  square,  its  capacity  can  be  ab 
once  known  by  measuring  it,  and  using  the  rules  laid  down  in  the  chapter  for 
measuring  the  cubic  amount  of  air  in  rooms.  The  capacity  of  the  vessel  in 
cubic  feet  may  be  brought  into  gallons  if  desirable,  by  multiplying  by  6-23. 
If  a  tub  or  cask  only  be  procurable,  and  if  there  is  no  pint  or  gallon  measure 
at  hand,  the  following  rule  may  be  useful : — 

Take  the  bung  diameter  in  inches,  by  measuring  the  circumference  at  the 
bung,  dividing  by  3-1416,  and  making  an  allowance  for  the  thickness  of  the 
staves;  square  the  bung  diameter,  and  multiply  by  39.  Take  the  head 
diameter  in  inches  by  direct  measurement,  and  square  it,  and  multiply  by 
25.  Multiply  one  diameter  by  the  other,  and  the  product  by  26.  Add  the 
sums,  and  multiply  by  the  length  of  the  cask  in  inches  j  then  multiply  by 
•000031473,  and  the  result  is  given  in  gallons. ^ 

When  it  is  required  to  ascertain  the  yield  of  any  small  water-course  with 
some  nicety,  it  is  the  practice  of  engineers  to  dam  up  the  whole  stream,  and 
convey  the  water  by  some  artificial  channel  of  known  dimensions. 

1.  A  wooden  trough  of  a  certain  length,  in  which  the  depth  of  water  and 
the  time  which  a  float  takes  to  pass  from  one  end  to  the  other  is  measured. 

2.  A  sluice  of  known  size,  in  which  the  difference  of  level  of  the  water 
above  and  below  the  sluice  is  measured.  ^ 

3.  A  weir  formed  by  a  plank  set  on  edge  in  which  a  rectangular  notch  is 
cut,  usually  one  foot  in  width ;  over  this  the  water  flows  in  a  thin  sheet,  and 
the  difference  of  level  is  measured  by  the  depth  of  the  water  as  it  flows 
over  the  notch.  Then  by  means  of  a  table  the  amount  of  water  delivered 
per  minute  is  read  off.  The  weir  must  be  formed  of  very  thin  board  and 
be  perfectly  level ;  a  plumb-line  has  generally  to  be  used.  3  This  plan  of 
measurmg  the  yield  of  water-courses  is  the  one  now  most  generally  adopted 
by  engineers. 

The  same  object  may,  however,  be  attained  with  sufficient  accuracy 
lor  the  purposes  of  the  medical  officer  by  selecting  a  portion  of  the  stream 
where  the  channel  is  pretty  uniform,  for  the  length  of,  say  not  less  than 

fi;         7  I      '  ^^^^^  are  no  eddies.  Take 

the  breadth  and  the  average  depth  in  three  or  four  places,  to  obtain  the 
sectional  area.    Then,  dropping  in  a  chip  of  wood,  or  other  light  object,  notice 

of  Sir  to^SSl     ^^^^^  P-  applicable  to  common  forms 

01  casks  IS  to  multiply  the  cube  of  the  diagonal  by  0-0025  :  the  cube  of  the  diaeonal  is  o-ot  bv 

-tS  thfs  Tm  mu£r  f^  ''''  "^''f'"'''  *°       square  oiSt  'he  llig^^^^ 

other  ulfnl  r^lS  P      ^^i'*'  ''''''^  '^^be  of  the  diagonal.    This  and  many 

^nte"s  slide  nile  very  conveniently  done  by  means  of  the  common,  or  car- 

givefiif^rl'^/tClruit'""'  "  ^^.-MiUtiply  breadth  of  opening  by  the  height ;  this 

J  Discliarge  of  water  over  a  weir  Ifoot  in  length.-lf  the  weir  is  more  or  less  thin  i  fnnt 
StSlS  o?rtbo^  "      '^"'^  '^-S^^^      -ir  in  a. 


or  decimals  of  a  foot.' 

Depth  faUing  Discharge  per 

over,  inches.  minute. 

h         .         .      1-70  cubic  feet. 

1  ;    :  tf.  •:.  •:. 

2  .         .  13-63 


Depth  falling  Discharge  per 
over  inches.  minute. 

ifl         '  •  19-70  cubic  feet. 

3  .  .  26-62 

H         .  .  33-22  " 

4  .  .  40-71   "  " 


M^^;S:S\£'fS?»  ^  ^-'^es,  the  delivery 


10 


WATEK. 


how  long  it  takes  to  float  a  certain  distance  over  the  portion  of  channel 
chosen.  From  this  can  bo  got  the  surface  velocity  per  s«cond,  which  is 
greater  of  course  than  the  bottom  or  the  mean  velocity.  Take  four-fifths  of 
the  surface  velocity  (being  nearly  the  proportion  of  mean  to  surface  velocity), 
and  multiply  by  the  sectional  area.  The  result  will  be  the  yield  of  the 
stream  per  second. 

It  may  sometimes  be  worth  while,  if  labour  be  at  hand,  to  remove  some  of 
the  irregularities  of  the  channel,  or  even  to  dig  a  new  one  across  the  neck  of 
a  bend  in  the  course  of  the  stream. 

The  yield  of  a  spring  or  small  river  should  be  determined  several  times, 
and  at  different  periods  of  the  day. 

Wells. — The  yield  of  wells  can  only  be  known  by  pumping  out  the  water 
to  a  certain  level  and  noticing  the  length  of  time  required  for  refilling.  In 
cases  of  copious  flow  of  water,  a  steam-engine  is  necessary  to  make  any 
impression ;  but,  in  other  cases,  pumping  by  hand  or  horse  labour  may  be 
sufficient  perceptibly  to  depress  the  water,  and  then,  if  the  quantity  taken  out 
be  measui-ed,  and  the  time  taken  for  refilling  the  well  be  noted,  an  approxi- 
mate estimate  can  be  formed  of  the  yield, 

Perinanence  of  Sicj'phj. — It  is  obvious  that  the  permanence  of  the  supply 
of  a  spring  or  small  stream  may  often  be  of  the  greatest  moment  in  the  case 
of  an  encampment,  or  in  the  establishment  of  a  permanent  station. 

In  the  first  place,  evidence  should,  when  available,  be  obtained.  If  no 
evidence  can  be  got,  and  if  the  amount  and  period  of  rain  be  not  known,  it  is 
almost  impossible  to  arrive  at  any  safe  conclusion.  The  country  which  forms 
the  gathering  ground  for  the  springs  or  rivers  should  be  considered.  If  there 
be  an  extehsirve  background  of  hills,  the  springs  towards  the  foot  of  the  hills 
will  probably  be  permanent.  In  a  flat  country  the  permanency  is  doubtful, 
unless  there  be  some  evidence  from  the  temperature  of  the  spring  that  the 
water  comes  from  some  depth.  In  limestone  regions  springs  are  often  fed 
from  subterranean  reservoirs,  caused  by  the  gradual  solution  of  the  rocks  by 
the  water  charged  with  carbonic  acid  ;  and  such  springs  are  very  permanent. 
In  the  chalk  districts  there  are  few  springs  or  streams,  on  account  of  the 
porosity  of  the  soil,  unless  at  the  point  the  level  be  considerably  below  that 
of  the  country  generally.  The  same  may  be  said  of  the  sandstone  formations, 
both  old  and  new  ;  but  deep  wells  in  the  sandstone  often  yield  largely,  as  the 
permeable  rocks  form  a  vast  reservoir.  In  the  granitic  and  trap  districts, 
small  streams  are  liable  to  great  variations,  unless  fed  from  lakes ;  springs  are 
more  permanent  when  they  exist,  being  perhaps  fed  from  large  collections  or 
lochs. 

2.  Storage. 

The  amount  of  storage  required  will  depend  on  circumstances,  viz.,  the 
amount  used,  and  the  ease  of  replenishing.  It  is,  of  course,  ea^y  to  calculate 
the  space  required  when  these  conditions  are  known,  in  this  way  : — The 
number  of  gallons -required  daily  for  the  whole  population  must  be  divided  by 
6-23  to  bring  into  cubic  feet,  and  multiphed  by  the  number  of  days  which 
the  storage  must  last ;  the  product  is  the  necessary  size  of  the  reservoir  in 
cubic  feet. 

Many  waters,  particularly  rain  water,  must  be  filtered  through  sand  before 
they  pass  into  small  cisterns,  and  the  filter  should  be  cleaned  every  three  or 
four  months.  Pig.  1.  is  a  single  filter  recommended  by  the  Barrack  Com- 
mission. ^ 


1  Report  on  the  Mediterranean  Stations,  1863. 
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A  double  filter  can  be  made  by  having  a  second  chamber. 

Whatever  be  the  size  of  the  reservoir,  it  should  be  kept  carefully  clean, 
and  no  possible  source  of  contamination  should  be  permitted.  In  the  large 
reservoirs  for  town  supply,  the  water  is  sometimes  rendered  impure  by  floods 
washing  surface  refuse  into  them,  or  by  substances  being  thrown  in.  In  fact, 
in  some  cases,  water  pure  at  its  source  becomes  impure  in  the  reservoirs. 

Some  large  cities  are  still  supplied  principally  by  rain-water,  as  Con- 
stantinople,— where  under  the  houses  are  enormous  cisterns, — Venice,  and 
other  places.    Gibraltar  and  Malta  are  in  part  supplied  in  this  way. 

As  far  as  possible,  all  reservoirs,  tanks,  &c.,  should  be  covered  in  and 
ventilated ;  in  form  they  should  be  deep  rather  than  extended,  so  as  to  lessen 
evaporation,  and  secure  coolness.  Though  they  should  be  periodically  and 
carefully  cleaned,  it  would  appear  that  it  is  not  always  wise  to  disturb  water 
plants  which  may  be  growing  in  them ;  some  plants,  as  the  Protococcus,  the 
Chara,  and  others,  give  out  a  very  large  amount  of  oxygen,  and  thus  oxidise 
and  render  innocuous  the  organic  matter  which  may  be  dissolved  in  the  water 


movealle  covering  j'tone 


^Pavivg  Level  oj"  Ground. 


Fig.  1. 


or  volatilised  from  the  surface.^  Pr.  Chevers  mentions  that  the  water  of 
some  tanks  which  were  ordered  to  be  cleared  of  water  plants  by  Sir  Charles 
i^apier,  deteriorated  in  quality.  Other  plants,  however,  as  some  species  of 
duckweed  (Lemna  at  home,  Pistia  in  the  tropics),  are  said  to  contain  an  acrid 
matter  which  they  give  off  to  the  water.  It  would  be  well  to  remove  some 
ot  the  plant,  place  it  in  pure  water  in  a  glass  vessel,  and  try  by  experiment 
whether  the  amount  of  organic  matter  in  the  water  is  increased,  or  whether 
any  taste  is  given  to  the  water.  The  presence  of  some  of  the  Nosfoc  family 
gives  rise  to  an  offensive  pig-pen  odour  when  decaying.2  Dead  vecretable 
matter  should  never  find  its  way  into,  or  at  any  rate  remain  in,  the  reservoir 

VVhenever  a  reservoir  is  so  large  that  it  cannot  be  covered  in  a  second 
smaller  covered  tank,  capable  of  holding  a  few  days'  supply,  miaht  be  pro 
yided,  and  this  might  be  fitted  with  a  filter,  through  which"the  water  of  the 
large  reservoir  migbt  be  led  as  required. 

When  tanks  are  large  they  are  made  of  earth,  stones,  or  masonry ;  if  mortar 

J  Clemens  in  Archiv.fiir  Physiol.  Heillc,  1853. 
ohv!eu]T(ilf;f^S!''  ^"'^""^  "^'P'"'  ^'^'^  of  Health,  &c.  of  Afassa- 
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be  used,  it  should,  as  in  the  case  of  the  smaller  reservoirs,  be  hydraulic,  so 
that  it  may  not  be  acted  on  by  the  water, 
_  The  materials  of  small  reservoirs  and  cisterns  are  stone,  cement,  brick,  slate, 
tiles,  lead,  zinc,  and  iron.  Glass-lined  wooden  cisterns  have  also  been 
proposed.  Of  these  slate  is  the  best,  but  it  is  rather  hable  to  leakage,  and 
must  be  set  in  good  cement  or  in  Spence's  metal ;  common  mortar  must  not 
be  used  for  stone  or  cement,  as  lime  is  taken  up  and  the  water  becomes  hard.i 
Leaden  cisterns,  as  in  the  case  of  leaden  pipes,  often  yield  lead  to  water,  and 
should  be  used  as  little  as  possible,  or  should  be  protected.  Lead  cisterns 
are  corroded  by  mud  or  mortar,  even  when  no  lead  is  dissolved  in  the 
water.^  Iron  cisterns  and  pipes  are  often  rapidly  eaten  away ;  they  are  now 
sometimes  protected  by  being  covered  inside  with  Portland  cement  or  with  a 
vitreous  glaze.  Crease's  patent  cement  is  a  very  useful  covering.  Earffs 
process  of  producing  the  magnetic  oxide  on  the  surface  of  iron  is  coming 
into  use.  Galvanized  iron  tanks  are  also  very  much  used.  They  must  be 
covered,  and  in  India  be  protected  from  the  sun.  Zinc  has  been  recommended, 
but  water  passing  through  zinc  pipes,  or  kept  in  zinc  pails,  or  in  so-called 
galvanized  iron  vessels,  may  produce  symptoms  of  metallic  poisoning,^  and 
even  taste  strongly  of  zinc  salts,  especially  if  the  water  is  rich  in  nitrates. 
It  would  certainly  be  best  to  abandon  lead,  zinc,  and  galvanised  iron  as 
materials  for  cisterns,  as  much  as  possible ;  iron  coated  by  the  Barff  process  is 
much  to  be  preferred. 

Cisterns  should  always  be  well  covered,  protected  as  much  as  possible 
from  both  heat  and  light,  and  thoroughly  ventilated,  if  they  are  of  any  size. 
Care  should  always  be  taken  that  there  is  no  chance  of  leakage  of  pipes  into 
them.  A  common  source  of  contamination  is  an  overflow  pipe  passing  direct 
into  a  sewer^  so  that  the  sewer  gases  pass  up,  and  being  confined  by  the  cover 
of  the  cistern,  are  absorbed  by  the  water ;  to  prevent  this,  the  overflow  pipe 
is  curved  so  as  to  retain  a  little  water  and  form  a  trap,  but  the  water  often 
evaporates,  or  the  gases  force  their  way  through  it ;  no  overflow  pipe  should 
therefore  open  into  a  sewer,  but  should  end  above  ground  over  a  trapped 
grating.  3  A  cistern  supplying  a  water-closet  should  not  be  used  to  supply 
cooking  and  drinking  water,  as  the  pipes  leading  to  the  closet  often  conduct 
closet  air  to  the  cistern.  Hence,  a  small  cistern  (water  waste  preventer) 
should  be  used  for  each  closet.  Cisterns  should  be  periodically  and  carefully 
inspected ;  and  in  every  new  building,  if  they  are  placed  at  the  top  of  the 
house,  convenient  means  of  access  should  be  provided. 

Tanks  to  hold  rain-water  require  constant  inspection. 

Wells  (which  are  really  reservoirs)  are  very  liable  to  contamination  from 
surface  washings  during  rains.  A  good  coping  will  often  prevent  this  ;  but  if 
there  is  much  subsoil  soaking,  lining  with  iron  to  a  certain  depth,  or  covering 
with  brickwork  set  in  cement  for  a  sufficient  depth  to  arrest  the  flow,  is 
desirable. 

3.  Distribution. 

When  houses  are  removed  from  sources  of  water  the  supply  should  be  by 
aqueducts  a.nd  pipes.    The  distribution  by  hand  is  rude  and  objectionable,  for 

1  In  two  cases  in  Ireland  (at  Beltnrbet  and  Monaghan)  so  much  lime  was  taken  up  from 
tlie  lining  of  the  tanlcs  that  the  water  was  strongly  alkaline  and  tasted  caustic.  See  Report  on 
Hvgiene,  ArTny  Medical  Reports,  vol.  xix.  p.  170.— [F.  de  C] 

2  Dr,  Orsborn,  formerly  of  Bitterue,  has  seen  several  cases  of  this  kind.  See  also  Downes, 
Sanitary  Record,  vol.  ix.  p.  333.  ^,  ■,■  ■ 

3  For  an  instance  of  ty])hoid  fever  produced  by  this  cause,  see  Lectures  on  btate  Medicine, 
by  F.  de  Chauniont,  pp.  76,  77.  See  also  Dr.  Blaxall's  Report  on  Enteric  Fever  at  Ilkeston  vn 
1880, 
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it  is  impossible  to  supply  the  proper  quantity,  and  the  risks  of  contamination 
are  increased.  Some  of  the  most  extraordinary  of  the  Eoman  works  in  both 
the  Eastern  and  Western  Empii-es  were  undertaken  for  the  supply  of  water- 
works whose  ruins  excite  the  astonishment  and  should  rouse  the  emulation  of 
modern  nations. 

The  plans  for  the  distribution  of  water  should  include  arrangements  for  the 
easy  and  immediate  removal  of  dirty  water.  This  is  an  essential  point,  for  m 
many  towns  where  houses  are  not  properly  arranged  for  small  families,^  there 
are  no  means  of  getting  rid  of  water  from  the  upper  rooms,  and  this  incon- 
venience actually  limits  the  use  of  water,  even  when  its  supply  is  ample.^ 

The  supply  of  water  to  houses  may  be  on  one  of  two  systems,  intermittent 
or  constant.  The  difference  between  the  two  plans  is,  that  in  the  first  case 
there  is  storage  in  the  houses  for  from  one  to  three  days ;  while  in  the  latter  case 
there  is  either  no  storage,  or  it  is  only  on  a  very  small  scale  for  two  purposes, 
viz.,  for  water-closets  and  for  the  supply  of  kitchen  boilers. ^  It  should,  how- 
ever, be  understood  that  the  constant  supply  has  not  always  meant  in  practice 
an  unlimited  supply,  nor  has  it  been  the  case  that  the  water  in  the  house 
pipes  was  always  in  direct  communication  with  the  water  in  the  reservoirs. 
On  the  contrary,  the  water  to  the  houses  has  often  been  cut  off,  particularly 
in  places  where  the  supply  was  limited,  and  the  fittings  not  good,  and  where 
there  was  great  waste. 

The  great  arguments  against  storage  on  the  premises  (except  on  a  limited 
scale  for  closets  and  boilers)  are  the  chances  of  contamination  in  cisterns,  and 
the  very  imperfect  means  of  storage.  In  poor  houses  wooden  casks  or  barrels 
are  often  used,  and  may  be  placed  in  the  worst  situations.  Although  the 
arguments  against  the  storage  system  are  directed  in  part  against  removable 
failures,  it  must,  however,  be  admitted  that,  especially  in  poor  houses, 
the  inspection  and  cleansing  even  of  a  well-placed  cistern  will  never  be 
properly  done,  and  that  with  all  precautions  the  chances  of  contamination 
of  the  water  during  storage  are  very  great.  As  regards  this  point,  the  constant 
system  has  a  very  great  superiority,  for  there  is  no  chance  of  contamination 
except  in  the  reservoir  or  in  the  pipes.  So  great  an  advantage  is  this  in  a 
sanitary  point  of  view,  that  almost  all  those  who  have  paid  most  attention  to 
sanitary  affairs  have  advocated  the  constant  system.  It  is,  however,  quite 
necessary  that  it  should  be  understood  what  the  constant  system  sometimes  has 
been  in  practice.  When  there  is  an  abundance  of  water,  as  at  Glasgow,  the 
stoppages  of  water  may  have  been  few,  but  when  water  has  had  to  be  econo- 
mised, the  water  has  been  from  time  to  time  shut  olf  from  the  house  pipes, 
and  then  no  water  has  been  procurable  for  hours.  This,  however,  is  avoided 
as  much  as  possible  in  the  day  time,  so  that  the  inconvenience  is  reduced  to 
a  miuimum.  In  some  cases,  again,  in  order  to  economise  water,  a  throttle  or 
ferule  has  been  introduced  into  the  communication  or  house  pipe,^  lessening 
the  diameter  to  |-th  or  even  to  -^th.  of  an  inch,  or  smaller,  so  that  if  the  head 
of  pressure  be  small  the  water  flows  very  slowly,  and  sometimes  merely 
dribbles.     In  other  cases,  a  meter  is  put  on  a  pipe  communicating  with 

1  Much  valuable  evidence  on  the  constant  supply  may  be  found  in  the  Report  of  the  House 
of  Commons  Committee  on  the  East  London  Water  Bills,  1867.  It  is  curious  to  see  how  diffi- 
cult the  definition  of  a  constant  supply  was  found  to  be.  The  difference  of  opinion  between 
engineers  on  the  desirability  of  a  constant  supply  is  shown  to  be  considerable.  The  statements 
in  the  text  are  drawn  from  a  collation  of  this  evidence,  and  fi'om  a  consideration  of  Mr.  Bate- 
man's  pamphlet,  and  many  other  works. 

2  The  terms  used  to  describe  the  pipes  differ  a  little  apparently  ;  the  mains  and  district  or 
sub-mams  are  the  large  pipes,  which  are  always  full  of  water,  the  latter  being  of  course  the 
smal  er  ;  the  service-pipe  is  another  term  for  a  district  main.  The  communication-pipe  is  tliat 
wiucli  runs  from  the  service-pipe  to  the  house,  and  in  the  house  it  takes  the  name  of  house- 
pipe. 
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seyoral  houses;  and  the  owner  of  the  houses  is  charged  for  the  water,  and 
this  leads  liini  to  enforce  a  very  sparing  use  of  it.  In  all  these  ways  the 
constant  system  may  tell  against  the  consumer,  while,  on  the  other  hand, 
great  waste,  leaking  fittings,  and  fraudulent  abstraction  of  water  (to  avoid 
which  there  are  several  ingenious  contrivances)  tell  against  the  company,  and 
lead  to  a  depreciation  of  their  property. 

In  spite  of  all  these  difficulties  the  system  of  constant  supply,  in  some 
shape  or  other,  has  been  carried  out  in  about  150  towns  in  England  ;i  and  the 
Metropolis  Water  Act  of  1871  ordered  constant  supply  for  London,  if 
demanded  by  the  ratepayers,  and  if  proper  fittings  are  provided. 

In  providing  a  constant  supply,  certain  precautions  are  necessary.  The 
fittings  must  be  as  perfect  as  possible.  In  some  cases,  when  the  system  has 
been  changed  from  the  intermittent  to  the  constant  system,  as  in  Chester,  the 
waste  of  water  has  been  so  great  that  the  old  plan  has  been  recurred  to. 
But  when  the  fittings  are  good  there  is  real  economy  in  the  constant  system, — 
as  shown  by  the  comparison  between  Lincoln  and  Oxford,  and  by  Hawksley's 
evidence  with  reference  to  Norwich.  ^  Common  taps  do  not  answer,  and  the 
best  screw  taps  and  fittings  must  be  used.^  To  prevent  theft,  it  has  been 
proposed  to  make  the  removal  of  fittings  a  specific  offence,  punished  sum- 
marily by  imprisonment,  and  to  place  the  sale  of  such  property  under  the 
same  restrictions  as  in  the  case  of  Crown  property. 

One  important  sanitary  advantage  of  the  constant  system  is  that,  in  order 
to  facilitate  inspection  and  detection  of  waste,  no  waste  pipe  is  allowed  to  open 
into  a  sewer,  but  it  is  always  so  placed  that  any  escape  of  water  can  be  easily 
seen  (the  so-called  warning  pipe).  The  great  evil  of  sewer  gases  being  con- 
ducted back  into  houses  through  overflow  pipes  is  thus  avoided.  '  Careful 
inspection  and  good  fittings  so  far  lessen  the  waste  of  the  constant  system, 
that  in  some  cases  less  water  is  used  than  under  the  intermittent  plan.^ 

Mr.  G.  Deacon,  in  a  very  interesting  and  instructive  paper,^  has  shown 
that  the  loss  on  the  constant  system  is  due  to  causes  over  which  the  consumer 
has  generally  little  or  no  control,  and  that  it  occurs  for  the  most  part  before 
the  water  reaches  him.  It  arises  chiefly  from  leaks  in  pipes,  drawn  joints, 
and  so  on,  and  up  to  lately  there  was  no  means  of  detecting  this  in  a  way 
practically  useful.  By  the  introduction  of  his  water-waste  meter  this  is  now 
done  with  the  utmost  precision  and.  accuracy,  so  that  now  in  Liverpool  the 
expenditure  of  water  has  been  reduced  from  33-5  gallons  per  head  per  diem 
to  13-3.  This  does  not  mean  any  restriction  to  the  consumer  ;  the  supply 
is  now  absolutely  constant,  and  the  use  unlimited.  But  it  means  that  for- 
merly the  consumer  used  only  13  gallons  at  the  outside,  whilst  20  gallons  went 
to  pure  waste.  Mr.  Louttit^  stated  that  the  Lambeth  Water  Company 
was  able  by  this  means  to  reduce  their  expenditure  from  35-09  to  15-28  per 
head.  The  general  waste  in  London  appears  to  be  about  15  gallons  per  head 
out  of  a  total  of  about  35.  With  such  a  system  of  checking,  the  main  diffi- 
culties of  a  constant  supply  seem  to  be  solved,  even  if  every  consumer  used 
the  full  25  gallons  laid  down  in  this  work. 

Some  engineers  have  proposed  what  may  be  called  a  comj^romise  between 
the  intermittent  and  constant  systems.  The  objection  to  this  plan  is  that 
cisterns  are  reintroduced,  and  their  lessened  size  does  not  remove  the  objec- 
tions to  them.  

1  Mr.  Beggs' Pamphlet,  op.  cii;.,  page  20.  . 

2  See  Report  of  Rivers  Pollution  Commission,  vo].  vi.  p.  166. 

3  A  bad  ball-cock  has  been  known  to  drop  12  gallons  a  day. 

4  Evidence  of  Mr.  Eastou  in  the  Repm-t  of  CommMtee  onthe^East  Londm  Water  Bills  1867. 
6  "  The  Constant  Supply  and  Waste  of  Water,"  by  George  F.  Deacon  M.  Inst.  C.E. ,  Jounuil 

of  the  Society  of  Arts,  vol.  xxx.  p.  738,  1882.  «  Discussion  on  Mr.  Deacon  s  paper. 
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If  the  constant  system  is  used,  a  good  screw  stop-cock^  available  to  tlie 
tenant,  should  be  placed  at  the  point  of  the  entrance  of  the  pipe  into  the 
house,  so  that  the  water  maybe  turned  off  if  pipes  burst,  or  to  allow  the  pipes 
to  be  empty,  as  during  frost.  Every  precaution  must  be  taken  that  impure 
water  is  not  drawn  into  the  pipes  by  a  pipe  being  emptied  and  sucking  up 
water  from  a  distance.  ^ 

For  the  supply  of  a  very  large  city,^it  might  be  desirable  to  divide  the  city 
into  sections,  and  to  establish  a  reservoir  for  each  district,  holding  three  or 
four  days'  supply.  In  this  way  the  waste  of  one  section  would  not  take  away 
the  water  from  another.  In  some  instances,  people  in  one  part  of  a  town, 
supplied  on  the  constant  system,  have  used  so  much  water  for  gardens  that 
other  parts  have  been  altogether  deprived  of  supply.  The  system  of  secondary 
reservoirs  would  not  only  lessen  this  chance,  but  would  make  it  possible  to 
ascertain  that  every  part  of  the  town  was  getting  its  supply.  The  number  of 
water  companies  in  London  has  in  fact  somewhat  this  effect,  but  the  subdivi- 
sion is  not  carried  far  enough. 

There  is  no  doubt  that  the  constant  system  is  the  safer,  especially  for  poor 
houses,  as  it  leaves  no  loophole  for  inattention  in  the  cleansing  of  cisterns. 
Only,  it  requires  that  the  constant  system  should  really  fulfil  the  conditions  laid 
down  for  it,  viz.,  it  should  dehver  sufficient  water  at  all  times,  and  not  merely 
delude  u.s  with  a  phrase. 

In  both  plans  the  water  is  conducted  from  the  reservoirs  in  pipes.  The  pipes 
are  composed  of  iron,  masonry,  or  earthenware,  for  the  larger  pipes  or  mains, 
the  iron  being  sometimes  tinned  or  galvanised,  or  lined  with  concrete,  or 
pitched,  or  covered  with  a  vitreous  glaze,  such  as  that  patented  by  De 
Lavenant ;  for  the  smaller  pipes,  iron,  lead,  tin,  zinc,  tinned  copper,  earthen- 
ware, gutta  percha,  &c.,  are  used. 

Pipes  of  artificial  stone  are  now  made.  Iron  is  the  best  material  for  the 
larger  pipes,  and  iron  or  non-metaUic  substances  for  the  smaller  pipes. 

Water  should  be  distributed  not  only  to  every  house,  but  to  every  floor  in 
a  house.  If  this  is  not  done,  if  labour  is  scarce  in  the  houses  of  poor  people, 
the  water  is  used  several  times  ;  it  becomes  a  question  of  labour  and  trouble 
versus  cleanliness  and  health,  and  the  latter  too  often  give  way.  Means  must 
also  be  devised  for  the  speedy  removal  of  dirty  water  from  houses  for  the 
same  reasons.  In  fact,  houses  let  out  in  lodgings  should  be  looked  upon,  not 
as  single  houses,  but  as  a  collection  of  dwellings,  as  they  really  are. 


,  •  ?  °  V^^^  ^^^""^^^  ^  Mmute  m  1872,  laying  down  regulations  and  defining  the 

kind  ot  fattmgs  and  arrangements  for  London.  The  following  are  the  principal  points  -  lead 
pipes  to  be  of  certain  strengtli  (if  internal  diameter  is  |  in.,  A  in  §  in  f  in  1  in  14  in 
ttie  respective  weights  per  lineal  yard  are  to  be  5  lb,  6  lb,  7*  fc,  9  lb,  '12  lb'' 16  lb)' 
Jiivery  pipe  in  contact  with  the  ground  to  be  of  lead  ;  each  house  to  have  a  communication  pipe 
but  only  one,  unless  an  owner  has  it  for  a  block  of  houses  ;  connection  of  every  communication 
pipe  to  be  by  a  brass  screwed  ferule  or  stop-cock  with  a  clear  area  of  water-way  equal  to  i 
inch,  every  joint  to  be  a  "  plumbing  "  or  "  wipe  "  joint.  No  pipe  to  pass  through  an  ash-pit 
manure  heap,  dram  unless  it  cannot  be  avoided,  and  then  the  pipe  is  to  be  laid  in  an  exterior 
cast-iron  pipe  or  jacket ;  each  pipe  in  the  ground  to  be  30  inches  below  surface  :  each  com- 
munication pipe  to  have  near  the  entrance  into  the  house  a  screwdown  stop-valve  •  if  in  the 
grouncl  such  valve  to  Jje  protected  by  proper  cover  and  guard  box  ;  every  cistern  to  be  water- 
tight to  have  a  good  "  ball-tap  no  waste-pipe  except  a  "  warning  pipe,  "  and  such  wSna 
pipe  to  be  so  placed  as  to  be  easily  inspected.  No  cistern  buried  in  ground  to  be  used  • 
wooden  cisterns  to  have  metallic  linings  ;  every  water-closet,  urinal,  or  boiler  shall  be  served 
only  from  a  cistern,  and  shall  not  be  in  direct  communication  with  the  wZrSis  cloS 
and  urinals  to  have  water-waste  preventers;  every  "  down  pipe  "into  a  water-Ss4^o  W 

No  h*fw^  t°  ^^igl^       less  thaS  rftper  Seal  yard 

No  bath  to  have  an  overflow-pipe  except  of  the  "  Avarnini  "  kind  :  the  ouLt  must  bP  di<fth^i 

prs'onS  th?  ?1 ''''''  h/gher  than  the  higheft  stand  of  the  wSS  "  L LcU 

Tl  M^ni^Ji       •  •  ^'"^^  ^^'''^  ^^""0*  rei^aui  charged  with  water  mav  havf 

t^l.e^loUowing  mmimum  weight :  i  inch  in  diameter  to  have  a  weight  3  lb  per  jSl-^il,  H  ; 
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ACTION  OP  WATER  ON  LEAD  PIPES. 

There  are  more  discreijancies  of  opinion  on  this  subject  than  might  have 
been  anticipated. 

From  an  analysis  of  most  of  the  works,  the  following  points  appear  to  be 
the  most  certain  : — 

1.  The  waters  which  act  most  on  lead  are  the  purest  and  most  highly 
oxygenated ;  also  those  containing  organic  matter,  nitrites  (Medlock),i 
nifcrates,2  and  according  to  several  observers,  chlorides. ^  Besides  the  portion 
dissolved,  a  film  or  crust  is  often  formed,  esjDecially  at  the  time  of  contact  of 
water  and  air ;  this  crust  consists  usually  of  two  parts  of  lead  carbonate  and 
one  part  of  hydrated  oxide.  The  mud  of  several  rivers,  even  the  Thames,  vail 
corrode  lead,  probably  from  the  organic  matter  it  contains,  but  it  does  not 
necessarily  follow  that  any  lead  has  been  dissolved  in  the  water.  Bits  of 
mortar  will  also  corrode  lead. 

2.  The  waters  which  act  least  on  lead  are  those  containing  carbonic  acid,* 
calcium  carbonate,  calcium  phosphate  (which  has  been  found  by  Frankland  to 
have  a  great  protective  power),  and  in  a  less  degree  calcium  sulphate,  and 
perhaps,  in  a  still  less  degree,  magnesian  salts,  and  the  alkaline  phosphates  ;  ^ 
but  it  has  been  said  that  perfectly  pure  water,  containing  no  gases,  has  no 
action  on  lead.  This,  however,  is  not  strictly  correct,  as  pure  distilled  water 
has  been  known  at  Netley  to  take  up  lead  from  a  leaden  pipe.  The  deposit 
which  frequently  coats  the  lead  consists  of  carbonate,  phosphate,  and  sulphate 
of  lead,  calcium,  and  magnesium,  if  the  water  have  contained  these  salts,  and 
lead  chloride.^ 

3.  From  the  observations  of  Graham,  Hofmann,  and  Miller,  the  protective 
influence  of  carbonic  acid  gas  appears  to  be  very  great ;  a  difficultly  soluble 
lead  carbonate  is  formed.  However,  a  very  great  excess  of  free  carbonic  acid 
may  dissolve  this.  This  has  perhajos  led  to  the  statement  that  carbonic  acid 
counteracts  the  preservative  effects  of  the  salts.  "Water  charged  with  carbonic 
acid  under  pressure  has  a  very  marked  solvent  action  on  lead  (Pattison  Muir). 

Other  substances  may  find  their  way  into  water  which  may  act  on  lead — 
as  vegetable  and  fatty  acids,  arising  from  fruits,  vegetables,  &c.,  or  sour  milk 
or  cider,  &c. 

4.  The  lead  itself  is  more  easily  acted  upon  if  other  metals,  as  iron,  zinc,  or 
tin,  are  in  juxtaposition  ;  galvanic  action  is  produced.  Bending  lead  pipes 
against  the  grain,  and  thus  exposing  the  structure  of  the  metal,  also  increases 
the  risk  of  solution  ;  zinc  pipes,  into  the  composition  of  which  lead  often 
enters,  yield  lead  in  large  quantities  to  water,  and  this  has  been  especially  the 
case  with  the  distilled  water  on  board  ships. 

AMOUNT  OF  DISSOLVED  LEAD  WHICH  WILL  PRODUCE  SYMPTOMS  OF  POISONING. 

Dr.  Angus  Smith  refers  to  cases  of  lead  paralysis  in  which  as  little  as  Yorij-th 

1  Mecllock  attributes  the  greatest  influence  to  ammonium  nitrite  formed  from  organic  matter  ; 
lead  nitrite  is  rapidly  formed,  and  carbonate  is  then  produced  ;  the  nitrous  acid  being  set  free 
to  act  on  another  portion  of  lead.    The  ammonium  nitrite  exists  in  most  distilled  water. 

2  Pattison  Muir  attributes  very  powerful  action  to  nitrates,  but  says  that  it  is  modihed  or 
even  arrested  by  the  presence  of  carbonates,  sulphates,  and  chlorides,  but  there  is  some  dis- 
crepancy of  opinion  as  to  the  action  of  the  chlorides.  . ,      »  .        c  n  rn 

3  Pattison  Muir  found  that  a  solution  of  sulphate  or  chloride  of  ammonium  of  0*04  per 
cent,  took  up  2 -2  grains  per  gallon  after  exposiire  to  lead  for  505  hours. 

i  M.  Langlois  (Rec.  de  Mhn.  de  Med.  Mill,  1865,  p.  412)  attributes  a  great  action  on  lead 
to  the  carbonic  acid,  but  states  that  the  carbonate  of  lime  entirely  protects  lead,  apparently 
by  rendering  the  carbonic  acid  inactive. 

6  Reprn-t  of  the  Government  Commission,  1851,  p.  7. 

6  Lauder  Lindsay,  Action  of  Hard  Water  on  Lead,  p.  7. 
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of  'a  grain  per  gallon  was  in  the  water.  Adams  ^  also  speaks  of  j^th  of  a 
grain  causing  poisoning.  Graham  speaks  of  -^jth.  of  a  grain  per  gallon  as 
being  innocuous.  Angus  Smith  says  that  ^th  of  a  gxain  per  gallon  may 
affect  some  persons,  while  J_th  of  a  grain  per  gallon  may  be  required  for 
others.^  But  it  is  difficult  to  prove  it  may  not  at  some  time  have  been  more 
than  this.  Calvert  found  that  water  which  had  been  decidedly  injurious  in 
Manchester  contained  from  ^^^th  to     ths  of  a  grain  per  gallon. 

In  the  celebrated  case  of  the  poisoning  of  Louis  Philippe's'  family  at 
Claremont,  the  amount,  of  lead  was  /^ths  of  a  grain  per  gallon ;  this  quantity 
affected  34  per  cent,  of  those  who  drank  the  water. 

The  water  of  Edinburgh  is  said  to  contain  only  i^o^h  of  a  grain  per 
gallon,  which  is  not  hurtful.  ^ 

On  the  whole,  it  seems  probable  that  any  quantity  over  ^^^th  of  a  grain  per 
gallon  should  be  considered  dangerous,  and  that  some  persons  may  even  be 
affected  by  less  quantities.  ^ 

PROTECTION  OF  LEAD  PIPES. 

The  chief  means  which  have  been  proposed  are  : — 

(a)  Lining  with  tin.  Calvert's  experiments  ^  show  that  extra  tinned  and 
ordmary  tinned  lead  piping  both  gave  up  lead  to  the  pure  water  now  used  at 
Manchester. 

(b)  A  much  better  plan  is  by  having  a  good  block-tin  pipe  enclosed  in  a 
lead  pipe,  as  m  Haines'  patent.  If  the  tin  is  good,  it  is  little  acted  on,  and 
the  strength  of  the  pipe  is  increased,  whHe  bends  and  junctions  can  be  made 
without  destroymg  the  continuity  of  the  tin.  The  composite  pipes  of  this 
kmd  made  by  Messrs.  Walker,  Parker,  &  Co.  are  said  to  withstand  any 
aniount,  of_  torsion.  On  the  authority  of  Professor  J.  Emerson  Eeynolds, 
^.Kb  it  IS  said,  that  lead  alloyed  with  3  per  cent,  of  tin  is  not  acted  upon 
by  water  ;6  p^pes  of  this  kind  appear  to  be  used  in  Dublin  and  in  Glascrow 
Later  experience  with  this  alloy,  however,  seems  to  have  modified  the  good 
opinion  first  held  of  it ;  it  is  certainly  inapplicable  to  cisterns,  or  for  any 
purpose  where  it  is  more  or  less  exposed  to  the  air. 

objeLionabfe''  "^^^^^^  ''^'^  This  is  certainly 

(d)  Bituminous  coating  (M'Doiigall's  patent).    This  is  said  to  be  eff-ectual 
out  no  exact  experiments  have  been  recorded 

nriblbW  hp  Pffl^'''^''  'fT'J''^^^.  P'"'^"'        i^dia-rubber.    These  would 

(/)  Coating  interior  of  pipes  with  lead  sulphide  by  boiling  the  pipes  in 

hotZ  r  P^^'-  ^'l  f^""'''-    The  sodium  sulphide  mSy  be  mad  by 

boiling  sulphur  m  hquor  sod».     Schwartz's  patent.)  ^ 
(g)  Varnish  of  coal  tar.^  ^ 

SUBSTITUTES  FOR  LEAD  PIPES. 

^Cast  and  wrought  iron  pipes  can  be  used,  and  Mr  Rawlinson  now  orders 

2  w'^Y;  ''-^^^Z  American  ^Medical  Society,  1852  p  163  ' 
probTbtl7e\laS*5;'  '  ^'-^^^       g^^l-  -  ejection  of  a  water th  would 

^  Chemical  News,  September  28,  1861 

O™-™.  Of  Dublin,  corroborate,  ttis 
iaiiilw  Liudsay,  Aaim  of  Hard  Water  on  Lead,  p.  21, 

V  B 


WATER. 


no  others.  The  iron  can  be  glazed  internally. ^  Copper  tinned  and  block-tin 
are  also  employed,  and  both  are  excellent,  but  are  rather  expensive.  In 
some  cases  the  tin  is  eaten  through,  but  this  is  not  common.  ^ 

SECTION  11. 
QUALITY  OF  DRINKING  WATER. 

Sub-Section  I. — Composition. 

The  composition  of  water  is  of  importance  for  several  economic  purposes ; 
for  certain  trades  M^hich  require  careful  processes  of  washing  and  dyeing ;  for 
the  supply  of  engines,  &c.  But  these  subjects  are  too  technical  to  be  dis- 
cussed here,  and  this  chapter  is  therefore  restricted  to  the  quality  of  water  as 
used  for  drinking  purposes.  The  only  domestic  matter  of  importance  con- 
nected with  quality,  apart  from  drinking  and  cooking,  is  the  relative  amount 
of  soap  used  by  hard  and  soft  water  in  washing.  But  this  is  so  obvious  a 
matter  that  it  only  requires  to  be  alluded  to. 

Owing  to  many  of  the  domestic  uses  of  water,  such  as  the  washing  of 
utensils,  the  supply  for  closets,  &c.,  not  requiring  a  very  pure  water,  it  has 
been  proposed  in  some  cases  to  supply  water  from  two  sources — one  pure  for 
drinking  and  cooking,  the  other  impure.  This  requires,  however,  two  sets  of 
pipes,  and  involves  the  chance  of  mistake  between  two  waters ;  and  it  is  only 
likely  to  be  of  use  under  exceptional  circumstances. 

Drinking  water  is  supplied  from  shallow,  deep,  and  Artesian  well  sources  : 
rain,  rivers,  wells,  springs,  &c. 

Rain  Water. — As  it  falls  through  the  air,  rain  becomes  highly  aerated 
(average,  25  cubic  centimetres  per  litre),  the  oxygen  being  in  larger  proportion 
than  in  atmospheric  air  (32  per  cent.,  or  a  little  more) ;  carbon  dioxide  consti- 
tutes 2^  or  3  per  cent,  of  the  gas.    It  carries  down  from  the  air  ammoniacal 
salts  (carbonate,  nitrite,  and  nitrate),  and  nitrous  and  nitric  acids  in  small 
amount.    The  total  quantity  of  nitrogen  in  ammoniacal  salts,  nitrous  and 
nitric  acid,  is  '0985  parts  per  100,000.    Frankland  puts  the  average  at  -032. 
At  Montsouris,^  mean  of  seven  years,  the  ammonia  amounted  to  T93  per 
100,000,  or  9T35  grs.  per  gallon;  the  nitric  acid  (NOg),  mean  of  six  years, 
to  -354  per  100,000,  or  -248  per  gallon.    This  gives  a  total  nitrogen,  from 
ammonia  and  nitric  acid,  of  -239  per  100,000.     In  towns  with  coal-fires  it 
takes  up  sulphurous  and  sulphuric  acids,  and  sometimes  hydrogen  sulphide. 
The  sulphates  in  rain  increase,  according  to  Dr.  Angus  Smith,^  as  we  pass 
inland,  and  before  large  towns  are  reached ;  they  are,  according  to  this  author, 
"  the  measure  of  the  sewage  in  air  "  when  the  sulphur  derived  from  the  com- 
bustion of  coal  can  be  excluded,  but  in  this  country  the  exclusion  could  never 
be  made.    Free  acids  are  not  found  with  certainty,  according  to  Smith,  when 
combustion  and  manufactures  are  not  the  cause.    The  acidity  taken  as 
sulphuric  anhydride  was  equal  to  -0097  grains  per  gallon  of  rain  in  a  country 
place  in  Scotland,  and  1-0589  grains  in  Glasgow  ;  in  Manchester  in  1870  it 
was  -8416,  and  in  London,  '2713  grains.    The  nitric  acid  in  Glasgow  was 

Uron  pipes  coated  inside  with  Angus  Smith's  bituminous  varnish  are  a  good  deal  used 
In  experiments  made  at  Netley  these  were  found  to  yield  a  distmct  taste  of  tar  to  tjie  water 
for  a  considerable  time  ;  after  a  time,  however,  this  '-action  was  nmch  dimnnshe^^^ 
entirely  cease.    Probably  Barffs  process  of  producing  a  surlace  of  magnetic  oxide  on  iron  will 
come  into  use.    For  joining  pipes  Spence's  metal  will  probably  prove  useful 
Ti  have  seen  block  tin  pipes  eaten  through  by  water  at  Woolston,  apparently  m  consequenoe 
of  the  presence  of  nitrates.    Zinc  pipes,  which  have  been  recommended,  are  objectionable  as 
likelv  to  yield  poisonous  salts  to  such  waters. — [F.  de  C.  ]  j  a  •    iq-o  fj^f; 

ilnnldre  de  I'observatoire  de  Montsmvrispour  Van  1882.      -  Air  and  Ram,  18/2,  p.  245. 
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as  much  as  '1705  grains  per  gallon,  and  in  London  only  -06 188.  Albuminoid 
ammonia  was  no  less  than  -326  parts  in  a  million  in  London  rain.i  Eain  also 
carries  down  many  solid  substances,  as  sodium  chloride,  in  sea  air ;  calcium 
carbonate,  sulphate,  and  phosphate  ;  ferric  oxide ;  carbo.n.2  ^  almost  ahyays 
contains  also  a  little  nitrogenous  organic  matter,  amounti  ng  in  extreme  cases  to 
as  much  as  -35  grains  per  gallon.  The  total  amount  of  solds  from  five  analyses 
quoted  by  Moleschott,  was  0-032  grammes  per  litre,  or  224  grains  per  gallon, 
and  from  63  samples  by  Frankland,  3 '86  per  100,000,  or  2-701  per  gallon.^ 

Occasionally  microscopic  plants  of  the  lowest  order  (as  Protucoccus pluoialis 
and  others)  are  present,  and  in  towns  the  debris  arising  from  street  dust. 

With  regard  to  Eain  as  a  source  of  supply. — The  uncertainty  of  the  rainfall 
from  year  to  year,  the  length  of  the  dry  season  in  many  countries,  and  the 
large  size  of  the  reservoirs  -which  are  then  required,  are  disadvantages.  On  the 
other  hand,  its  general  purity  and  its  great  aeration  make  it  both  healthy 
and  pleasant.  The  greatest  benefits  have  resulted  in  many  cases  (especially 
in  some  of  the  West  Indian  Islands)  from  the  use  of  rain  instead  of  spring  or 
well  water,  which  is  often  largely  impregnated  with  earthy  salts.  In  all 
places  where  the  spring  or  well  water  is  thus  bad,  as  in  the  neutral  ground  at 
Gibraltar,  rain-water  should  be  substituted.  So  also  it  has  been  suggested 
that  in  outbreaks  of  cholera  anywhere,  the  rain-water  is  less  likely  to  become 
contaminated  with  sewage  matters  than  wells  or  springs,  into  "srhich  organic 
matters  often  find  their  way  in  an  unaccountable  manner. 

Ice  and  Snow  Water. — In  freezing,  water  becomes  purer,  losing  a  large 
portion  of  its  saline  contents.  Even  calcium  carbonate  and  sulphate  are 
partially  got  rid  of.  The  air  is  at  the  same  time  expelled.  Ice- water  may 
thus  be  tolerably  pure,  but  heavy  and  non-aerated.  Snow-water  contains 
the  salts  of  rain-water  with  the  exception  of  rather  less  ammonia.  The 
amounts  of  carbonic  acid  and  air  are  very  small. 

There  has  long  been  an  opinion  that  snow-water  is  unwholesome,  but  this, 
if  it  be  true,  is  probably  due  to  impurities.  Ice  and  snow  often  contain  a 
good  deal  of  suspended  organic  matter.  Dr.  Baker  Edwards  of  Montreal 
found  2  grains  per  gallon  in  the  shore  ice  and  1  grain  per  gallon  in  the  river 
ice."*  In  N"orthern  Europe,  the  poorer  classes  have  the  habit  of  taking 
the  snow  lying  about  their  dwellings,  and  as  this  is  often  highly  impure  with 
substances  thrown  out  from  the  house,  this  water  may  be  unwholesome.  It 
has  been  conjectured  that  the  spread  of  the  cholera  in  the  Russian  winter  in 
1832  was  owing  to  the  use  of  such  snow-water  contaminated  by  excretions. 
Ice  and  snow  may  also  be  the  means  of  conveying  malarious  poison  to  places 
at  a  distance.^ 


1  Angus  Smith,  op.  cit,  p.  363. 
u  d"'^'^  ingenious  plan  for  removing  suspended  matter  from  rain-water  is  supplied  by  Buck's 

Patent  Percolator,"  which  may  be  attached  to  the  pipe  supplying  a  rain-water  tank.  It 
works  automatically  and  produces  good  results,  although  at  the  expense  of  considerable  waste 
of  the  water. 

^  In  rain-water  collected  at  St.  Albans,  in  the  middle  of  an  arable  field,  two  feet  from  the 
ground,  Frankland  found  as  much  as  8-58  parts  in  100,000  or  6-006  grains  per  gallon  ;  from  the 
roof  of  the  Land's  End  Hotel  (Cornwall)  4-2-8  per  100,000,  of  which  one-half  was  chlorides. 

In  a  sample  from  supply  tank  in  officers'  quarters  at  Portland  I  found  47-95  gr.  per  gallon 
of  solids,  of  which  about  10  were  chlorides  ;'  the  organic  constituents  were  also  very  lar^-e  In 
another  sample,  gathered  as  collected,  32-55  total  solids  and  14  chlorides  ;  and  in  one  from  a 
pipe  leading  to  the  cookhouse,  59-25  total  solids  and  15-2  chlorides.  In  a  sample  collected 
through  funnels  direct  into  glass  bottles,  the  solids  were  6-65  per  gallon,  of  which  4-9  were 
volatile,  chiefly  ammonium  chloride,  &c.— [F.  de  C] 

Further  evidence  of  the  impurity  to  be  sometimes  met  with  in  ice  will  be  found  in  the 
Keports  of  the  State  Board  of  Health  of  Massachusselts,  vols.  vii.  and  x 

"O^  ^™^''*,'  ^^V^^''^       Assistant  Surgeon,  United  States  Army 

1878  ^e^er  and  Malarious  Water,"  American  Journal  of  Medical  Science,  Jan. 

10/8.    bee  also  Report  on  Hygiene,  A^/.Z).  ifepor^s,  vol.  xix.  • 
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Dew  has  ocjcasioually  boon  a  source  of  supply  to  travellers  in  sterile  regions 
in  South  Africa  and  Australia,  on  hoard  ship. 

Spring,  Well,  and  Rioer  Water. — The  rain  falling  on  the  ground  partly 
evaporates,  partly  runs  off,  and  partly  sinks  in.  The  relative  amounts  vary 
with  configuration  and  density  of  the  ground,  and  with  the  circurastancn.s 
impeding  or  favouring  evaporation,  such  as  temperature,  movement  of  au",  &c. 
In  the  magnesian  limestone  districts,  about  20  per  cent,  penetrates  ;  in  the  new 
red  sandstone  (Triassic),  25  per  cent.  ;  in  the  chalk,  42  ;  in  the  loose  Tertiary 
sand,  90  to  96. 

Penetrating  into  the  ground,  the  water  absorbs  a  large  proportion  of 
carbonic  acid  from  the  air  in  the  interstices  of  the  soil,  which  is  much  richer 
(250  times)  in  CO.^  than  the  air  above.  It  then  passes  more  or  less  deeply 
into  the  earth,  and^dissolves  everything  it  meets  with  which  can  be  taken  up 
in  the  time,  at  the  temperature,  and  by  the  acid  of  carbonic  acid.  In  some 
sandy  soils  there  is  a  deficiency  of  CO2,  and  then  the  water  is  also  wanting  in 
this  gas,  and  is  not  fresh  and  sparkling. 

The  chemical  changes  and  decompositions  which  occur  in  the  soil  by  the 
action  of  carbonic  acid,  and  which  are  probably  influenced  by  diffusion,  and 
perhaps  pressure,  as  well  as  by  temperature,  are  extremely  curious,^  but  can- 
not be  entered  upon  here.  The  most  common  and  simple  are  the  solution  of 
calcium  carbonate,  and  the  decomposition  of  calcium  and  sodium  silicate  by 
carbonic  acid,  or  alkaline  carbonates.  Salts  of  ammonia,  also,  when  they 
exist,  appear  from  Dietrich's  observations  to  have  a  considerable  dissolving 
effect  on  the  silicates. 

Fed  from  a  variety  of  sources,  river- water  is  even  more  complex  in  its  con- 
stitution than  spring-water  ;  it  is  also  more  influenced  by  the  season,  and  by 
circumstances  connected  with  season,  such  as  the  melting  of  snow  or  ice, 
rains  and  floods,  &c.  The  water  taken  on  opposite  sides  of  the  same  river 
has  been  found  to  differ  slightly  in  composition. 

The  general  result  of  solution  and  decomposition  is,  that  the  water  of  springs 
and  rivers  often  contains  a  great  number  of  constituents— some  in  very  small, 
others  in  great  amount.  Some  waters  are  so  highly  charged  as  to  be  termed 
mineral  waters,  and  to  be  unfit  for  drinking,  except  as  medicmes.  The 
impurities  of  water  are  not  so  much  influenced  by  the  depth  of  the  spring  as 
by  the  strata  it  passes  through.  The  water  of  a  surface  spring,  or  of  the 
deepest  Artesian  well,  may  be  pure  or  impure.  The  temperature  of  the  water 
also  varies,  and  is  chiefly  regulated  by  the  depth.  The  temperature  of 
shallow  springs  alters  with  the  season;  that  of  deeper  springs  is  often  that  ot 
the  yearly  mean  In  very  deep  springs,  or  in  some  Artesian  wells,  the 
temperature  of  the  water  is  high.  _       _  .      ^^  . 

The  substances  which  are  contained  in  spring,  river,  and  well  waters  are 
noted  more  fully  under  the  head  of  "  examination  op  water."  There  may 
be  suspended  matters,  mineral,  vegetable,  or  animal;  dissolved  gases  viz., 
nitro-en,  oxygen,  carbon  dioxide,  and  in  some  cases  hydrogen  sulphide, 
and  carburetted  hydrogen;  and  dissolved  solid  matters  consisting  of  hme, 
magnesia,  soda,  potassa,  ammonia,  iron,  alumina,  combined  with  chlorme, 
and  sulphuric,  catbonic,  phosphoric,  nitric,  nitrous,  and  sihcic' acids  More 
infrequently,  or  in  special  cases,  certain  metals,  as  arsenic,  manganese,  lead, 

^^^^hrntJ^T^S^^^^^  substances  is  yet  uncertain;  it  may  be 

that  the  acids  and  bases  are  equally  distributed  among  each  other,  or  some 

 '.       :     1  i.„;i        o    Tiknhof  Chemical  and  Physical  Geology  (Cavendisli 

S„  JX"^f         v^l  ^^'2  S  £  W,U,'s  DiotioLru  of  Ck^iUry,  ArWo 

"  Chemistry  of  Geology,"  by  Dr.  Paul. 
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other  modes  of  combination  may  be  in  play.  '  The  mode  of  combination  may 
umalhj  be  assumed  to  be  as  follows.  The  chemist  determines  the  amount  of 
each  separate  substance,  and  then  calculates  the  combination  as  follows.  The 
chlorine  is  combined  Avith  sodium ;  if  there  is  an  excess,  it  is  combined  with 
potassium  or  calcium;  if  there  is  an  excess  of  soda,  it  is  combined  with 
sulphuric  acid,  or  if  still  in  excess,  with  carbonic  acid.  Lime  is  combined 
with  excess  of  chlorine,  or  sulphuric  acid,  or  if  there  be  no  sulphuric  acid,  or 
an  excess  of  lime,  with  carbonic  acid.  Magnesia  is  combined  with  carbonic 
acid.  So  that  the  most  usual  combinations  are  sodium  chloride,  sodium  sul- 
phate, sodium  carbonate,  calcium  carbonate  (held  in  solution  by  carbonic  acid), 
calcium  sulphate,  •  calcium  chloride  and  silicate,  and  magnesium  carbonate  ; 
but  the  results  of  the  analysis  may  render  other  combinations  necessary. 

Distilled  Water. — Distillation  is  now  very  largely  used  at  sea,  and  alfords 
an  easy  way  of  getting  good  water  from  sea  or  brackish  water.  Almost  any 
form  of  apparatus  will  suffice,  if  fuel  can  be  procured,  to  obtain  enough  water 
to  support  life;  and  if  even  the  simplest  appliances  are  not  attainable,  the 
mere  suspension  of  clean  woollen  clothing  0A''er  boiling  water  will  enable  a 
large  quantity  to  be  collected.  At  sea,  salt  water  is  sometimes  mixed  with  it 
from  the  priming  of  the  boilers,  and  occasionally  from  decomposition  of 
magnesium  chloride  (probably),  a  little  free  hydrochloric  acid  passes  off. 
This  can,  if  necessary,  be  neutralised  by  sodium  carbonate. 

As  distilled  water  is  nearly  free  from  air,  and  is  therefore  unpalatable  to 
some  persons,  and  is  supposed  indigestible,^  it  may  be  aerated  by  allowing  it 
to  run  through  a  cask,  the  bottom  of  which  is  pierced  with  fine  holes,  so  as  to 
expose  the  water  to  the  air.  Plans  for  aerating  the  water  distilled  from  sea 
water  have  been  proposed  by  Normandy  and  others,  and  are  used  in  many 
steamers.  Organic  matter,  at  first  ofi'ensive  to  taste  and  smell  in  distilled 
water,  can  be  got  rid  of  by  passing  through  a  good  filter,  or  by  keeping  three 
or  four  days,  or  by  the  addition  of  a  little  permanganate  solution. 

Care  should  be  taken  that  no  lead,  zinc,  or  copper  finds  its  way  into  the 
distilled  water.  Many  cases  of  lead  poisoning  have  occurred  on  board  ships, 
partly  from  the  use  of  minium  in  the  apparatus,  and  partly  from  the  use  of 
zinc  pipes  containing  lead  in  their  composition.  If  possible,  Uock  tin  should 
always  be  used. 

Comparative  Value  of  Spring,  River,  and  Well  Water  as  Sources  of  Supply. 

This  depends  on  many  circumstances.  Spring  water  is  both  piue  and 
impure  in  difi"erent  cases ;  and  the  mere  fact  of  its  being  a  spring  is  not,  as 
sometimes  imagined,  a  test  of  goodness.  Frequently,  indeed,  river- water  is 
purer_  than  spring- water,  especially  from  the  deposit  of  calcium  carbonate;^ 
organic  matter  is,  however,  generally  in  greater  quantity,  as  so  much  more 
vegetable  matoer  and  animal  excreta  find  their  way  into  it.  The  water  of  a 
river  may  have  a  very  difi'erent  constitution  from  that  of  the  springs  near  its 
banks.  A  good  example  is  given  by  the  Ouse,  at  York  :  the  water  of  this 
river  is  derived  chiefly  from  the  millstone  grit  which  feeds  the  Swale,  the  Ure, 
and  the  Nid,  tributaries  of  the  Ouse ;  the  water  contains  only  9  grains  per 
gallon  of  salts  of  calcium,  magnesium,  sodium,  and  a  little  iron.  The  wells 
m  the  neighbourhood  pass  down  into  the  soft  red  sandstone  (Yoredale  series) 
which  lies  below  the  millstone  grit ;  the  water  contains  as  much  as  64-96 
grams,  and  even,  in  one  case,  96  grains  per  gallon ;  in  addition  to  the  usual 
salts,  there  is  much  calcium  chloride  and  calcium,  sodium,  and  magnesium 


1  By  8ome  even  dangerous  (Gerardin). 
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nitrates.  Shallow  well-water  is  always  to  be  viewed  with  suspicion  ;  it  is  the 
natural  point  to  which  the  drainage  of  a  good  deal  of  surrounding  land  tends, 
and  heavy  rains  will  often  wash  many  substances  into  it.^  The  question  may 
arise  as  to  what  should  be  considered  a  shallow,  and  what  a  deep  well.  In  the 
Rivers  Pollution  Commissioners'  Sixth  Report  all  the  shallow  wells  examined 
are  less  than  50  feet  deep ;  most  of  the  deep  wells  more  than  100  feet  deejj. 
Any  well  less  than  60  feet  deep  that  does  not  pass  through  an  impermeable 
stratum,  such  as  stiff  clay  or  hard  rock,  must  be  classed  as  a  shallow  well. 
The  following  table  is  given  by  the  Elvers  Pollution  Commissioners  — 
(  1.  Spring  water,  .       .  )  i  i.  1 1 

Wholesome  \  2.  Deep  well-water,     .  \  ^"'^  Palatable. 

I  3.  Upland  surface-water  ]       ,     ,  ,      ^  ,  ^^ 
Sus  icions  \  rain-water,    .  |  moderately  palatable. 

^  \  5.  Surface  water  from  cultivated  land,  .       .  1 

Dano-erous  i  ^'  I^^"^^^"'^^^^^'     which  sewage  gains  access,  \  palatable. 
\l.  Shallow  well-water,        .       .       .       .  ) 

Sub-Section  II. — Characters  and  Classification  op  Drinking  Waters. 

The  general  characters  of  good  water  are  easily  enumerated.  Perfect  clear- 
ness ;  freedom  from  odour  or  taste ;  coolness ;  good  aeration ;  and  a  certain 
degree  of  softness,  so  that  cooking  operations,,  and  esj)ecially  of  vegetables,  can 
be  properly  performed,  are  obvious  proj)erties.  But  when  we  attempt  a  more 
complete  description,  and  assign  the  amounts  of  the  dissolved  matters  which 
it  is  desirable  should  not  be  exceeded,  we  find  considerable  difference  of  opinion, 
and  also  a  real  want  of  evidence  on  which  to  base  a  satisfactory  judgment. 

Still  an  hygienic  classification  or  enumeration  of  potable  waters,  based  on 
such  facts  as  are  generally  admitted,  will  be  useful.    A  division  of  waters^ 
used  for  drinking  into  four  classes  has  been  adopted  in  this  work : — 

1.  Pure  and  wholesome  water. 

2.  Usable  „ 

3.  Suspicious  „ 

4.  Impure 

The  waters  belonging  to  the  first  and  second  class  may  be  used ;  those  of 
the  third,  or  suspicious  class,  should  be  well  filtered  before  distribution,  and, 
if  possible,  should  be  again  filtered  in  the  house.  A  purer  source  should  also 
be  obtained  if  possible,  and  sources  of  sewage  contamination  ascertained  and 
prevented. 

The  waters  of  the  fourth  class  should  be  entirely  disused,  or  only  be  used 
when  a  better  source  is  not  procurable,  and  means  of  purification  should  then 
be  systematically  resorted  to. 

Sub-Section  III. — Origin  of  the  Impurities  in  Drinking  Water. 
The  origin  of  the  impurities  in  water  may  be  conveniently  referred  to  four 
heads,  viz.  :— (1)  Substances  derived  from  the  source;  (2)  Substances  added 
during  the  flow  of  the  waters  in  rivers,  canals,  aqueducts,  or  other  conduits  ; 
(3)  Impurities  caused  by  storage  in  reservoirs  or  tanks ;  and  (4)  Substances 
added  during  distribution  from  reservoirs  either  in  pipes  or  water  barrels,  or 
in  house  cisterns. 

1  Dr.  Cameron  (DvMin  Journal  of  Medical  Science)  cites  a  case  where  sooA.  and  bad  water 
were  obtained  from  different  levels  in  the  same  well.  Similar  results  have  been  observed 
elsewhere  ;  see  analysis  of  water  from  a  well  at  Fareham,  Report  on  H  ygiene  .1.  ^1/.  J).  L  ejwrts 
vol.  xxi.  In  these  cases  both  samples  were  impure,  but  the  water  from  the  bottom  o<-  the  well 
contained  a  great  excess  of  salts,  due  probably  to  infiltration  from  the  tidal  waters  of  tta- 
neighbouring  river.  ^i'^i^  Report,  p.  129. 
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1.  ImpurUies  of  Source. 

The  o-eoloo-ical  formation  of  a  district  necessarUy  influences  tlie  composition 
of  the  water°running  through  it,  though  it  is  impossible  to  tell  with  absolute 
certainty  what  the  constituents  of  the  water  may  be.  Formations  vary  greatly, 
and  the  broad  features  laid  down  by  geologists  do  not  always  suffice  for  our 
purpose  In  the  middle  of  a  sandy  district,  yielding  usually  a  soft  water,  a 
hard  selenitic  water  may  be  found ;  and  instead  of  the  pure  calcium  carbonate 
water,  a  chalk  well  may  yield  a  water  hard  from  calcium  sulphate  and  iron. 
Still  it  may  be  useful  to  give  a  short  summary  of  the  best  known  facts. 

1.  The  Granitic,  Metamorpliic,  Trap  Rock,  and  Clay  Slate  Waters.^ 
Generally  the  granitic  water  is  very  pure,  often  not  containing  more  than  two 
to  six  grains  per  gallon  of  solids,  viz.,  sodium  carbonate  and  chloride,  and  a 
little  lime  and  magnesia.  The  organic  matter  is  in  very  small  amount.  The 
clay-slate  water  is  generally  very  pure,  often  not  containing  more  than  from 
3  to  4  grains  per  gallon.  The  water  from  hard  trap-rocks  is  pure,_  but  if  the 
trap  be  disintegrated  the  shallow  wells  sunk  in  it  are  of  course  liable  to  be 
fouled  by  surface  washhigs  or  soakage.  _  _ 

2.  The  Water  from  Millstone  Grit  and  Hard  Oolite. — Like  the  granitic 
water  this  is  very  pure,  often  not  containing  more  than  4  to  8  grains  per 
gallon  of  mineral  matters,  which  consist  of  a  little  calcium  and  magnesium 
sulphate  and  carbonate  ;  a  trace  of  iron.  ,  ^ 

3.  Soft  Sand-Rock  TFa^ers.— These  are  of  variable  composition,  but  a&  a 
rule  are  impure,  containing  much  sodium  chloride,  sodium  carbonate,  sodium 
sulphate,  iron,  and  a  little  lime  and  magnesia,  amounting  altogether  to  from 
30  to  80  grains  per  gallon.    The  organic  matter  may  be  in  large  amount, 

 4  to  8  grains  per  gallon,  or  even  more.    Sometimes  these  waters  are  pure 

and  soft,  but  in  other  cases  wells  or  springs,  within  a  short  distance,  may 
vary  considerably  in  composition. 

4.  The  Loose  Sand  and  Gravel  Waters.— In  this  case  there  is  also  a  great 
variety  of  composition.  Sometimes  the  water  is  very  pure,  as  in  the  case  of 
the  Farnham  waters,  and  in  some  of  the  waters  from  the  green  sand,  where  the 
total  solids  are  not  more  than  from  four  to  eight  grains  per  gallon,  and  consist 
of  a  little  calcium  carbonate,  sulphate,  and  silicate  ;  magnesium  carbonate  ; 
sodium  and  potassium  chloride  ;  sodium  and  potassium  sulphate ;  iron,  and 
organic  matter.  The  last  is  sometimes  in  some  amount,  viz.,  -8  to  1-8  grains 
per  gallon.  In  tolerably  pure  gravels,  not  near  towns,  the  water  is  often 
very  free  from  impurity.  In  the  case  of  many  sands,  however,  which  are 
rich  in  salts,  the  water  is  impure,  the  solid  contents  amounting  sometimes  to 
50  or  70  grains  per  gallon,  or  more,  and  consisting  of  sodium  chloride, 
sodium  carbonate,  sodium  sulphate,  with  calcium  and  magnesium  salts. ^ 
These  waters  are  often  alkaline,  and  contain  a  good  deal  of  organic  matter. 
The  water  from  the  sands  in  the  "Landes"  (Southern  France)  contains 
enough  organic  matter  to  give  ague. 

5.  Waters  fi'om  tlie  Lias  Clays  vary  in  composition,  but  are  often  impure  ; 
even  217  grains  per  gallon  of  mineral  matters  have  been  found.  No  less  a 
quantity  than  88  grains  of  calcium  sulphate,  and  41*8  of  magnesium  sulphate, 
existed  in  a  water  examined  by  Voelcker.^ 

6.  The  Chalk  Waters. — The  pure,  typical,  calcium  carbonate  water  from 

1  In  a  sliallow  well  (20  feet  deep)  in  the  gravel,  near  Netley  Abbey,  the  water  yielded  total 
solids  148 '75,  of  which  were  chlorides  86 '80  grains  per  gallon  ;  after  deepening  it  to  30  feet,  and 
passing  through  a  stratum  of  stiff  blue  clay,  it  gave  only  16-8  total  solids,  and  6 '5  of  chlorides, 
-IF.  de  C] 

2  In  a  well  from  Weedon  Barracks,  109  feet  deep,  sunk  in  blue  lias,  I  found  91  grs.  jjer 
gallon  of  solids,  but  very  little  organic  matter.— [F.  de  C] 
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the  chalk  18  very  sparkling  and  clear,  highly  charged  with  carbonic  acid,  and 
contains  from  7  to  20  grains  per  gallon  of  calcium  carbonate,  a  little  magnesium 
carbonate  and  sodium  chloride— small  and  immaterial  quantities  of  iron, 
silica,  potassa,  nitric,  and  phosphoric  acids.  Sulphuric  acid  in  combination  is 
sometimes  present  in  variable  amount ;  organic  matter  is  usually  in  small 
amount.  This  is  a  good,  wholesome,  and  pleasant  water.  It  is  hard,  but 
softens  greatly  by  boiling.  ^ 

7.  The  Limestone  and  Magnedan  Limestone  Waters.— Tha^e.  are  also  clear 
sparkling  waters  of  agreeable  taste.  They  differ  from  the  chalk  in  containing 
usually  more  calcium  sulphate  (4  to  12  grains,  or  even  more)  and  less  car- 
bonate, and,  in  the  case  of  the  dolomitic  districts,  much  magnesium  sulfjhate 
and  carbonate.  Organic  matter  is  usually  in  small  amount.  They  are  not  so 
wholesome  as  the  chalk  waters.    They  are  hard,  and  soften  less  on  boiling. 

8.  The  Selenitic  Waters. — "Water  charged  with  calcium  sulphate  (6  to  20 
grains,  or  even  more)  may  occur  in  a  variety  of  cases,  but  it  may  sometimes 
come  from  selenitic  rocks.  It  is  an  unwholesome  water,  and  in  many  persons 
produces  dyspepsia  and  constipation,  alternating  with  diarrhoea.  It  is  hard, 
softens  little  on  boiling,  and  is  not  good  for  cooking  or  washing. 

9.  Clay  Waters. — Very  few  springs  exist  in  the  stiff  clay;  the  water  is 
chiefly  surface,  and  falls  soon  into  rivers ;  it  varies  greatly  in  composition, 
and  it  often  contains  much  suspended  matter,  but  few  dissolved  constituents, 
chiefly  calcium  and  sodium  salts. 

10.  Alluvial  Waters. — (Alluvium  is  usually  a  mixture  of  sand  and  clay.) 
Generally  impure,  with  calcium  carbonate  and  sulphate,  magnesium  sulphate, 
sodium  chloride  and  carbonate,  iron,  silica,  and  often  much  organic  matter. 
•Occasionally  the  organic  matter  oxidises  rapidly  into  nitrites,  and  if  the 
amount  of  sodium  chloride  is  large,  it  might  be  supposed  that  the  water  had 
been  contaminated  with  sewage.  The  amount  of  solids  per  gallon  varies  from 
20  to  120  grains  or  even  more. 

11.  Surface  and  Sichsoil  Water. — Very  variable  in  composition,  but  often 
very  impure,  and  always  to  be  regarded  with  suspicion.  Heaths  and  moors, 
on  primitive  rocks,  or  hard  millstone  grit,  may  supply  a  pure  water,  which 
may,  however,  be  sometimes  slightly  coloured  with  vegetable  matter. 
Cultivated  lands,  with  rich  manured  soils,  give  a  water  containing  often  both 
organic  matter  and  salts  in  large  quantity.  Some  soils  contain  potassium, 
sodium,  and  magnesium  nitrates,  and  give  up  these  salts  in  large  quantity  to 
water.  This  is  the  case  in  several  parts  of  India,  at  Aden,  and  at  Nassick  in 
the  Deccan  (Haines).  In  towns  and  among  the  habitations  of  men,  the  sur- 
face water  and  the  shallow  well  water  often  contain  large  quantities  of  calcium 
and  sodium  nitrites,  nitrates,  sulphates,  phosphates,  and  chlorides.  The 
nitrates  in  this  case  probably  arise  from  ammonia^  ammonium  nitrite  being 
first  formed,  which  dissolves  large  quantities  of  lime.  Organic  matter  exists 
often  in  large  amount,  and  slowly  oxidises,  forming  nitirc  acid  and  ammonia. 
In  some  cases  butyric  acid,  which  often  unites  with  lime,  is  also  formed. 

12.  Marsh  Water. — This  always  contains  a  large  amount  of  vegetable 
organic  matter;  it  is  not  unusual  to  find  from  12  to  40  grains,  and  in  some 
cases  even  more.  Suspended  organic  matter  is  also  common.  The  salts  are 
variable.  A  little  calcium  and  sodium  in  combination  with  carbonic  and 
sulphuric  acids  and  chlorine  are  the  most  usual  Of  course,  if  the  marsh  is 
a  salt  one,  the  mineral  constituents  of  sea-water  are  present  in  varying  pro- 
portions. 

1  Sometimes  the  water  drawn  from  the  upper  part  of  the  chalk  is  really  derived  from  ter- 
tiary !?and  lying  above  the  chalk.  The  water  contains  less  calcium  carbonate,  and  more 
sodium  carbonate  and  chloride,  and  may  be  alkaline. 
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13.  Water  from  Graveyards. — Ammonium  and  calcium  nitrites  and 
nitrites,  and  sometimes  fatty  acids,  and  much  organic  matter.  Lefort  found 
a  well  of  water  at  St.  Didier,  more  than  330  feet  from  a  cemetery,  to  be 
largely  contaminated  with  ammoniacal  salts  and  an  organic  matter  which  was 
left  on  evaporation.  The  water  was  clear  at  first,  but  had  a  vapid  taste,  and 
speedily  became  putrid. 

14.  Artesian  Well  Water. — The  composition  varies  greatly.  In  some  cases 
the  water  is  so  highly  charged  with  saline  matter  as  to  be  undrinkable ;  the 
water  of  the  Artesian  well  at  Grenelle  contains  enough  sodium  and  potassium 
carbonates  to  make  it  alkaline ;  there  is  also  often  a  considerable  amount  of 
free  or  saline  ammonia.  In  some  cases  the  water  contains  an  appreciable 
amount  of  iron ;  in  other  cases,  especially  when  drawn  from  the  lower  part 
of  the  chalk,  or  the  green  sand  below  it,  it  is  tolerably  pure.  Its  temperature 
is  usually  high  in  proportion  to  the  depth  of  the  well.  The  aeration  of  the 
water  is  often  moderate,  sometimes  nil.  These  last  two  points  sometimes 
militate  against  the  employment  of  water  from  very  deep  wells. 

15.  Waterfront  Wells  near  the  Sea.'^ — This  frequently  contains  so  much 
saline  matter  as  to  taste  quite  brackish,  although  the  organic  matter  may  not 
be  very  large.  In  some  samples  from  Shoeburyness  (analysed  at  i^etley)  the 
total  solids  ranged  from  101  to  218  grains  per  gallon  of  total  solids,  the 
chlorides  being  from  22  to  65  :  mean  of  six  samples — 165  total  solids,  and  35 
of  chlorides.  In  one  sample,  however,  the  albuminoid  ammonia  was  only 
0*07  per  milHon,  and  in  five  the  oxygen  required  for  organic  matter  was 
under  0*75  per  million.  At  Landguard  Fort,  water  from  a  boring  150  feet 
deep  yielded  more  than  500  grains  of  solids  and  380  grains  of  chlorides. 

16.  Rain -Water  may  be  contaminated  by  washing  the  air  it  falls  through, 
but  more  by  the  surface  on  which  it  falls,  such  as  decaying  leaves,  bird 
droppings,  soot,  or  other  matter  on  the  roofs  of  houses ;  it  also  takes  lead  from 
lead  coatings  and  pipes,  and  zinc  from  zinc  roofs. 

2.  Impurities  of  Transit  from  Source  to  Reservoirs. 

Open  conduits  are  liable  to  be  contaminated  by  surface  washings  carrying 
in  finely  divided  clay,  sand,  chalk,  and  animal  matters  from  cultivated  land ; 
and  the  leaves  and  branches  of  trees  add  their  contingent  of  vegetable  matters. 
These  impurities  may  occur  in  most  cases,  but  in  addition  the  refuse  of 
houses,  trades,  and  factories  is  often  poured  into  rivers,  and  aU  sorts  of 
matters  are  thus  added. 

_  These  impurities  are  broadly  divided  by  the  Elvers  Pollution  Commis- 
sioners into  "  sewage  "  and  "  manufacturing:  "  under  the  former  term  all  solid 
and  liquid  excreta,  house  and  waste  water,  and  in  fact  all  impurities  coming 
from  dwellings  are  included  ;  under  the  latter  term  are  placed  all  manufactur- 
ing refuse,  such  as  from  dye  and  bleach  works,  tanneries,  paper-makino- 
woollen,  silk,  and  metal  works,  &c.2  °' 

_  The  Tery  numerous  animal  and  vegetable  substances  derived  from  habita- 
tions are  usually  classed  under  the  vague,  but  convenient  term  of  "  organic 
matter,"  as  the  separation  of  the  individual  substances  is  impossible.  The 
organic  matter  is  usually  nitrogenous,  and  Prankland  has  proposed  to  express 
Its  amount  in  terms  of  its  nitrogen  (organic  nitrogen),  but  this  view  is  not  vet 
generally  received  on  account  of  the  difficulty  of  estimating  the  very  small 

^  example  of  the  iufluence  of  a  tidal  river  on  iieighbourinjr  wells  see  mv  TprU,'^»o 
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quantity  of  nitrogen.  The  nitrogenous  organic  matter  undergoes  gradual  trans- 
formation, and  foi'ms  ammonia,  and  nitrous  and  nitric  acids.  The  exact  steps 
of  this  process  are  perhaps  complicated.  On  keeping  the  water  the  nitrites 
disappear,  and  in  some  cases  the  nitrates  also  gradually  diminish  probably 
from  the  action  of  bacteria.  A.  Miiller^  found  the  residue  of  a  well  water  gave 
with  sodium  hydrate  a  herring-like  odour,  which  seemed  like  trimethylamine. 

Many  of  the  "  organic  matters  "  in  water  are  not  actually  dissolved,  but  are 
so  finely  suspended  that  they  pass  through  filtering  paper.  There  is  no  doubt 
that  among  this  "  suspended  organic  matter"  many  small  plants  and  animals 
are  always  included.  It  is  probably  owing  to  the  variation  in  the  quantity  of 
suspended  organic  matter  (living  and  dead)  that  water  from  the  same  source 
sometimes  gives  different  results  on  analysis,  even  though  the  water  be  taken 
at  the  same  time.  During  its  flow  in  open  conduitSj  however,  a  species  of 
purification  goes  on,  by  means  of  subsidence,  the  action  of  water-plants,  and 
to  some  moderate  extent  by  oxidation.  On  the  whole  these  processes  appear 
in  India  to  render  river- water,  in  spite  of  all  the  contaminations  it  receives, 
purer  than  tank  and  well  water. ^  The  freedom  from  noxious  substances  is 
also  apparently  greater  in  India  in  the  quick-running  streams,  which  may  also 
depend  upon  purification  taking  place  in  them.^ 

3.  Impurities  of  Storage, 

The  chance  of  substances  getting  into  the  water  of  wells,  and  tanks,*  and 
even  of  cisterns  in  houses,  is  very  great.  Surface  washings  and  soakage  con- 
taminate wells  and  tanks,  and  leakages  from  pipes,  passage  of  foul  air  through 
pipes,  or  direct  absorption  of  air  by  an  uncovered  surface  of  water,  introduce 
impurities  into  cisterns.  &  It  is  singular  in  how  many  ways  cisterns  and  tank 
waters  get  foul,  and  what  care  is  necessary  not  only  to  place  the  cistern  under 
safe  conditions  at  first,  but  to  examine  it  from  time  to  time  to  detect 
contamination  of  the  water.  In  India,  especially,  the  tank  water  is  often  con- 
taminated by  clothes  washed  near,  or  actually  in,  the  tank ;  by  the  passage 
even  of  excrement  directly  into  it,  as  well  as  by  surface  washings,  so  that  m 
fact  in  some  cases  the  village  tank  is  one  of  the  chief  causes  of  the  sickness 
of  the  people.  There  is,  perhaps,  no  point  on  which  the  attention  of  the 
sanitary  officer  should  be  more  constantly  fixed  than  that  of  the  storage  of 
water,  either  on  the  large  or  small  scale.  . 

In  shallow  wells  (4  to  30  feet  deep)  the  soakage  water  from  the  ground  in 
loose  soils  of  chalk  and  sand  is  often  very  impure.  Thus  in  a  town  the 
well-water  often  shows  evidence  of  nitrites,  nitrates,  and  ammonia,  and 
chlorine  far  in  excess  of  river-water  in  the  neighbourhood,  though  the  strata 
are  the  same.^    Occasionally,  by  constant  passage  of  the  water,  a  channel 

1 -Roth,  and  Lex,  Militar-Gesundheitspjl. -p.  16.  .  w^^.w /3w//>  fnr 

2  Palmer  shows  this  clearly  in  a  very  interesting  paper  in  the  Indian  Medical  Gazette  for 

^^'"^MJch  influence  has  been  ascribed  to  oxidation,  and  doubtless  in  part  correctly  -  but  Dr. 
Fran'Satd'h^rsrwnlts  effect  to  be  limited  The  IrweU  -er  alter  —  M^ch^^^^^^^^^^^^^^ 
n  milPs  tn  it<?  iimction  with  the  Mersey  without  further  material  pollution,  ana  laus  over  o 
wei?s  ve?  the  nurificatron  by  oxidation  is  trifling.  By  siphoning  water  irom  one  vessel  to 
TnTh^r  so  as  to^ieSS^^  vL  of  96  miles,  the  orfanic  carbon  was  only  reduced  6-4  per  pent. 
Td  the  oJganL  Xgen  28-1  per  cent.    This,  however,  is  widely  different  from  running  m  ai. 

°^fln"Jwotimples  of  (so  called)  rain-water  collected  in  tanks  in  the  marsh  ne^^^^^^ 

for  the  use  of  the  troops,  the  solids  were  found  to  be  respectively  41  and  145  grams  per  gallon 

(Army  Medical  Reports,  vol.  xvii.  p.  214).  „  „  f^„,v,  wntpr  plnspts  and  urinals  is 

contained  -08  parts  per  million  of  albuminoid  ammonia  ;  aftei  absoi-ption,  17  parts. 
6  lioth  and  Lex,  op.  cit.,  p.  43. 
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is  formed,  which  may  suddenly  discharge  into  the  well ;  and  probahly  some 
of  the  cases  of  sudden  poisoning  from  water  have  thus  arisen. 

A  well  drains  an  extent  of  ground  about  it  nearly  in  the  shape  of  an 
inverted  cone.  The  area  must  depend  on  the  soil ;  but  the  experiments  at 
Grenelle  and  Passy  show  that  the  radius  of  the  area  drained  is  equal  to  four 
times  the  depth  at  least,  and  that  it  often  exceeds  this.i  Professor  Ansted 
states  that  the  deepest  (non-Artesian)  well  will  not  drain  a  cone  which  is 
more  than  half  a  mile  in  radius. 

In  some  cases  a  well  at  lower  level  may  receive  the  drainage  of  surrounding 
hills  flowing  down  to  it  from  great  distances.  Good  coping  stones,  so  as  to 
protect  from  surface  washings  ;  good  masonry  for  several  feet  below  the  surface 
of  wells  in  very  loose  soils,  so  as  to  prevent  superficial  soakage,  are  necessary 
in  all  shallow  wells. 

4.  Impurities  of  Distribution. 

If  water  is  distributed  by  hand,  i.e.,  by  water-carts,  barrels,  or  skins,  there 
is  necessarily  a  great  chance  of  its  being  fouled.  In  India,  where  the  water 
is  generally  carried  by  water-carriers  (Bhisties),  inspection  of  the  carts  or  skins 
should  be  systematically  made,  and  whenever  it  be  possible,  pipes  should  be 
substituted  for  the  rude  method  of  hand  conveyance.  But  even  pipes  may 
contaminate  water;  metals  (lead,  zinc,  and  iron)  may  be  partly  dissolved;  wood 
rots,  and  if  the  pipes  are  occasionally  empty,  impure  air  may  be  drawn  into 
them,  and  be  afterwards  absorbed  by  the  water.^  In  towns  supplied  on  the 
constant  system,  when  the  pipes  are  becoming  empty  the  flow  of  water  from 
a  tap  has  drawn  foul  water  or  air  through  a  pipe  at  some  distance,  and  in  this 
way  even  the  water  of  the  mains  has  been  befouled. 

Coal  gas  passing  into  the  ground  from  leaking  of  gas  pipes  sometimes  finds 
its  way  into  wells,  or  even  into  water  pipes.  In  Berlin,  in  1864,  out  of 
940  public  wells,  39  were  contaminated  by  admixture  with  coal  gas.  A 
good  instance  is  related  by  Mr.  Harvey,^  where  the  main  pipes  were  often 
empty  and  gas  penetrated  into  them.  Having  regard  to  the  cases  in  which 
gases  from  the  soil  (from  leaking  gas  pipes,  sewers,  &c.)  find  their  way 
into  water  pipes,  it  would  seem  important  not  to  lay  down  water  pipes 
near  any  other,  or,  what  is  better,  have  all  pipes  in  sub-ways  where  they  can 
be  inspected. 


SECTION  III. 
PURIFICATION  OF  "WATER. 
Without  Filtration. 


] .  Exposure  to  Air  in  divided  Currents. — This  was  a  plan  proposed  by  Lind, 
for  the  water  of  the  African  west  coast,  more  than  one  hundred  years  ago,  and 
frequently  revived  since.  The  water  is  simply  poured  through  a  sieve,  or  a  tin 
or  wooden  plate,  pierced  with  many  small  holes,  so  as  to  cause  it  to  fall  in 
finely  divided  streams,  or  a  hand-pump  is  inserted  in  a  cask  of  water,  and  the 

1  FAucles  sur  le  mouvement  des  Eaux,  par  J.  Dupuit. 
_  2  Cases  of  this  sort  are  given  in  the  Reports  of  the  Medical  Officer  of  the  Privv  Council  No 
11  new  series    See  Dr  Blaxall  on  Fever  at  Sherborne,  Dorset,  and  Dr.  Buchanan  on  the  Fever 
A  t  f  S^,"  ^P'  <^^"^^"dge     In  the  latter  case/ow^  trap-water  was  sucked  in  from  the  closets. 
At  Croydon,  blood  was  sucked  m  this  way  from  a  butcher's  shop 

3  I'ood,  Water,  and  Air,  February  1872,  p.  68. 
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water  is  pumped  up,  and  made  to  fall  through  perforated  sheets  of  tin.  It 
soon  removes  hydrogen  sulphide,  offensive  organic  vapours,  and,  it  is  said, 
dissolved  organic  matter.  The  same  plan  has  been  used  in  Kussia  on  a  large 
scale,  the  water  being  allowed  to  fall  down  a  series  of  steps  passing  through 
wire  gauze  as  it  does  so.  In  Paris,  also,  it  has  been  employed  on  the  small 
scale. 

2.  Boiling  and  Agitation. — This  plan  gets  rid  of  calcium  carbonate,  iron  in. 
part,  and  hydrogen  sulphide,  and  lessens,  it  is  said,  organic  matter.  It  is 
uncertain  if  boiling  will  completely  destroy  the  poisons  ot  the  specific  diseases, 
but  it  is  highly  probable.  It  will  not  destroy  completely  all  bacteria,  or  at 
least  their  germs  still  live,  and  Lex  found  some  bacteria,  still  moving  rapidly, 
at  a  temperature  of  127"  C.-^  Tyndall's  experiments  have  shown  that  there 
are  stages  in  the  life  of  bacteria  during  which  they  can  resist  almost  any 
moist  heat.  But  as  they  soften  before  propagation  a  solution  can  be  success- 
fully sterilised  by  repeated  boilings,  so  as  to  attack  thfe  several  crops  of  bacteria 
in  their  vulnerable  condition.    Most  fu7igus  spores  are  killed  by  boiling. 

3.  Aluminous  Salts. — Alum  has  been  used  for  centuries  in  India  and  China, 
to  purify  water  from  suspended  matters.  It  does  this  very  effectually,  if  there 
be  calcium  carbonate  in  the  water ;  calcium  sulphate  is  formed,  and  this  and 
a  bulky  aluminium  hydrate  entangle  the  floating  particles  and  sink  to 
the  bottom.  Mr.  Alfred  Bird  has  proposed  aluminium  tersulphate,  which  is 
equally  efficacious ;  it  is  an  acid  liquid,  containing  about  -4  grains  of  the  sul- 
phate in  each  minim  ;  and  M.  Bellamy  ^  has  also  proposed  a  modification  of 
the  alum  process,  by  adding  additional  potash  to  a  solution  of  alum  tiU  the 
precipitate  is  redissolved.  The  quantity  of  crystallised  alum  to  be  used  should 
be  about  6  grains  per  gallon ;  of  Mr.  Bird's  fluid  (sulphate  of  alumina),  20 
drops. 

From  numerous  experiments  on  purification  with  crystallised  alum,  and 
with  Mr.  Bird's  patent  hquid,  with  and  without  calcium  carbonate  in  the 
water,  it  is  clear  not  only  that  calcium  carbonate  ought  to  be  in  the  water, 
but  that  the  action  of  both  alum  and  Bird's  fluid  is  made  more  upon  the 
suspended  organic  matters  than  upon  those  actually  dissolved ;  and,  indeed, 
having  regard  to  the  great  difficulty  of  insuring  that  water  is  actually  free 
from  minute  suspended  matters,  it  is  even  a  question  whether  aluminous  salts 
will  act  in  any  appreciable  degree  on  dissolved  organic  matters.  But  on 
suspended  matters,  both  organic  and  mineral,  the  effect  is  very  great  indeed. 
Common  alum  and  Bird's  liquid  seem  practically  equal;  but  alum,  being 
solid,  is  more  convenient  for  transport. ^ 

If  a  sedimentous  water  is  extremely  soft,  a  little  calcium  chloride  and 
sodium  carbonate  should  be  put  in  before  the  alum  is  added. 

4.  Addition  of  Lime  TT^aier  (Clark's  patent).— By  combining  with  carbonic 
acid,  it  causes  almost  all  the  calcium  carbonate  previously  and  newly  formed 
to  be  thrown  down.  It  also  throws  down  suspended  and  a  certam  proportion 
of  dissolved  organic  matters,; and  also,  it  is  said.  iron.  It  does  not  touch 
calcium  and  magnesium  sulphate  and  chloride. 

5.  Sodium  Carbonate,  with  boHing,  throws  down  hme,  and  possibly  a  little 
lead,  if  present. 


1  Sanderson  puts  the  death-point  of  common  septic  Bacteria  at  about  110°  C  or  230°  b\ 

2  OoOTwies  i?e?ic^M.9  c^e  Tyl carZ,  Nov.  11,  1867,  p.  799.  r  .     ■    iqcq  <,.,«'o,.^/i  f,.om 

3  The  headquarter  wing  of  the  92nd  Highlanders,  going  up  the  Indus  m  1868,  suffered  from 
diarrhoea  Irom  tlie  use  of  the  water ;  the  left  wing  used  alum  aaul  liad  no  ^^'^''f^ 
wing  then  used  it,  and  the  diarrhoea  di.sappeared.-y7.f^m«  Medical  Oaz^ ,  Avig.  Ibb9,  p.  l&b. 

*  This  plan  has  been  carried  out  with  great  success  on  a  large  scale,  m  the  loim  \no^^n  as 
the  Porter-Clark  process,  and  also  in  a  nioditied  form  by  Messrs.  Atkins. 
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6.  Addition  of  Poiasmim  or  Sodium  Permanganate  (Condy's  red  fluid). — 
Pare  Condy's  fluid  readily  removes  the  smell  of  hydrogen  sulphide  and  the 
peculiar  offensive  odour  of  impure  water  which  has  been  kept  in  casks  or 
tanks.  If  it  forms  a  precipitate  of  manganic  oxide,  it  also  carries  down 
suspended  matters  ;  but  the  formation  of  this  precipitate  is  very  uncertain. 
The  action  on  the  dissolved  organic  matters  will,  of  course,  vary  with  the 
nature  of  the  su1)stance ;  some  of  the  organic  matters,  both  animal  and 
vegetable,  will  be  oxidised  ;  but  in  the  cold  it  will  not  act  upon  the  whole  of 
these  substances,  and  some  organic  matters  are  not  touched. 

One  objection  to  the  use  of  the  permanganate  is  that  it  often  communicates 
a  yellow  tint  to  the  water,  arising  from  suspended  finely  divided  peroxide  of 
manganese.  This  is  probably  of  no  moment  as  far  as  health  is  concerned, 
but  it  is  unpleasant.  Sometimes  the  addition  of  a  little  alum  will  carry  dovvu 
this  suspended  mater ;  boiling  may  be  used  but  often  has  no  effect.  Sometimes 
nothing  removes  it  but  filtration. 

The  indications  for  the  use  of  permanganate  are  these.  In  the  case  of  any 
foul-smelling  or  suspected  water,  add  good  Condy's  fluid,  teaspoonful  by 
teaspoonful.  to  3  or  4  gallons  of  the  water,  stirring  constantly.  When  the 
least  permanent  pink  tint  is  perceptible,  stop  for  five  minutes ;  if  the  tint  is 
gone,  add  36  drops,  and  then,  if  necessary,  30  more,  and  then  allow  to  stand 
for  six  hours  ;  then  add  for  each  gallon  6  grains  of  a  solution  of  crystallised 
alum,  and  if  the  water  is  very  soft,  a  little  calcium  chloride  and  sodium  car- 
bonate, and  allow  to  stand  for  twelve  or  eighteen  hours. 

There  are  many  cases  in  which  this  plan  may  be  useful ;  and  as  the 
permanganate  certainly  removes  smells  and  oxidises  in  the  cold  to  some  extent, 
it  is  a  very  good  introduction  to  the  alum  process,  and  does  work  which  alum 
alone  will  not  do.  But  it  cannot  be  considered  a  complete  purifier  of  water 
from  all  organic  matters.  Its  oxidising  power  is,  however,  often  useful  in 
cleaning  charcoal  filters,  as  will  be  presently  noted. 

7.  Per  chloride  of  Iron. — It  has  been  found  that  the  water  of  the  Maas  in 
Holland,  which  is  turbid  from  clay  and  finely  suspended  organic  matters,  and 
gives  rise  in  consequence  to  diarrhoea,  is  completely  purified  by  perchloride  of 
iron  in  the  proportion  of  about  2|  grains  of  the  solid  perchloride  to  1  gallon 
of  water.i    It  is  a  powerful  oxidising  agent. 

Use  of  the  iStryehnos  potatorum. — In  India  the  fruit  of  the  Stnjchnos 
potatorum  is  used,  especially  by  the  better  class  of  Hindoos,  to  purify  water. 
It  is  beaten  into  a  paste,  and  rubbed  on  the  inside  of  the  water  jar  or  cask. 
Dr.  Mouat  says  that  it  is  chiefly  used  for  the  river  water  at  the  seasons 
when  it  is  laden  with  silt,  and  that  about  30  grains  are  used  for  100  gallons 
of  water,  which  act  in  twenty-four  hours.  Its  action  appears  to  be  on  sus- 
pended matters,  which  it  possibly  carries  down  by  giving  to  the  water  a  deli- 
cate albuminous  coagulum,  so  that  it  purifies  water  on  the  same  principle  as 
beer  is  fined. ^  Dr.  O'Shaughnessy  thought  its  action  was  connected  with  its 
astringency.  Some  experiments  on  its  action  were  made  at  Netley,  but 
without  any  satisfactory  result.  It  did  not  even  clear  the  water  i  horoughly 
from  suspended  matters,  and  it  had  no  effect  on  the  amount  of  nitrous  acid 
ammonia,  or  of  oxidisable  organic  matters,  as  far  as  these  could  be  judo-ed 
of  by  potassium  permanganate.  Renewed  experiments  are,  however 
necessary.  ' 

8.  Immersion  of  Iron  Wire  and  Magnetic  Oxide  of  Iron  (Medlock).  This 


1  Chemical  News,  May  1869,  p.  239. 

2  Pereira,  Pharmaceutical  Journal,  vol.  ix.  p.  478 
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plan  is  said  to  decompose  organic  matter.  Charcoal  and  ferric  oxide  are  some- 
times mixed. 

9.  Immersion  or  hoiling  of  certain  VegetaUes,  especially  those  containing 
tannin,  such  as  toa,^  kino,  the  Lauricr  rose  {Nerium  Oleander,  which  is  also 
rubbed  on  the  inside  of  casks  in  Barbary),  bitter  almonds  (in  Egypt). 

10.  Charring  the  inside  o  f  Casks. — Tliisis  an  effectual  plan,  and  Berthollet 
considered  it  more  effectual  than  the  immersion  of  pieces  of  charcoal ;  the 
charring  can  be  renewed  from  time  to  time. 

To  put  these  facts  in  another  form : — 

Organic  matter  is  got  rid  of  most  readily  by  exposure  to  air,  boiling,  agita- 
tion, charcoal,  alum,  potassium  permanganate,  astringents. 

Carbonate  of  Lime  by  boiling  and  addition  of  caustic  lime. 

Iron,  by  boiling  and  lime  water,  and  in  part  by  charcoal.  ^ 

Calcium  and  magnesium  sulphate  and  chloride  cannot  be  got  rid  of. 

It  should  be  remembered  that  some  water  plants  have  a  purifying  effect, 
apparently  from  the  large  quantity  of  oxygen  they  give  out  j  and  this  takes 
place  sometimes  though  the  water  itself  is  green. 

With  Filtration. 

Sand  and  Gravel. — On  the  large  scale,  water  is  received  into  settling  reser- 
voirs, where  the  most  bulky  substances  subside,  and  is  then  filtered  through 
gravel  and  sand,  either  by  descent  or  ascent,  or  both.^ 

The  London  water  companies  usually  employ  a  depth  of  3  to  6  feet ;  in  the 
latter  case,  the  upper  stratum  of  18  inches  or  2  feet  is  composed  of  sand,  the 
lower  3  feet  are  made  up  of  gravel,  gradually  increasing  in  coarseness,  from 
pieces  the  size  of  a  small  pea  and  bean  to  that  of  a  middle-sized  potato.  A 
stratum  of  oyster  shells,  about  1|  inch  in  thickness,  has  been  used  by  some 
companies  instead  of  a  layer  of  gravel ;  but  this  plan  is  not  general.  If  the 
filter  is  3  feet  in  thickness,  the  upper  15  inches  are  sand,  and  the  lower  21 
inches  are  gravel. 

The  pressure  of  water  in  these  filters  is  not  great ;  the  depth  of  the  water  is 
never  above  2  feet,  and  some  companies  have  only  1  foot.  From  70  to  75 
gallons  is  the  usual  quantity  which  should  pass  through  in  twenty-four  hours, 
for  each  square  foot ;  but  some  companies  filter  more  quickly,  viz.,  at  the  rate 
of  a  gallon  per  twenty-four  hours  for  each  square  inch,  or  144  gallons  per 
square  foot. 

The  sand  should  not  be  too  fine ;  the  sharp  angular  particles  are  the  best. 
The  action  seems  chiefly,  perhaps  altogether,  mechanical ;  the  suspended 
impurities,  both  mineral  and  organic,  rub  upon  and  adhere  to  the  angles  and 


1  In  the  north  of  China,  and  especially  during  winter,  the  water  of  the  Peiho  becomes  very 
imnnrp  and  contains  not  only  suspended  matters,  but.dissolved  animal  matter  ni  large  quantity, 
^vhich  gives  the  water  a  disagreeable  offensive  smell.  The  Chinese  never  drink  it  except  as  tea, 
Zhth  i«  moled  with  a  lump  of  ice,  if  it  is  desired  to  drink  it  cold.  In  this  way  they  secure 
rhemseWes  from  all  bad  effects  of  this  water  (Friedel,  Das  Klwia  Ost-Asie^i^  p  60).  The 
Eu™i^  e^l.™  and  charcoal ;  but  these  do  not  always  entirely  remove. the  taste.  The 
Ta^E  also  use  their  "brick  tea  "  to  purify  the  water  of  the  steppes,  which  would  otherwise 

^^'ch^Ti£%aiti  des  msinfecL,  p.  147  In  the  Ashanti  c^^mpa^  under  the  directions 
of  Shr-eon-Major  V.  Gouldsbury,  C.M.G.,  the  water  was  purified  in  the  fol  owing  w.ay  m  the 
ibsencf  of  proper  filters  :-Alum  was  added  to  precipitate  suspended  matter-the  water  was 
?irssecrthrJugh  a  rough  filter,  consisting  of  (1)  sponge  ;  (2)  sand  ;  (3  charcoal  in  pieces ;  it 
was  tlien  boiled,  and  a  few  drops  of  solution  of  potassium  permanganate  added.    Water,  even 

S  :el;oti?o?  rtgS;T.";Cs  ^kI  tS^Srke  London  W.ater  Companies 
wi  1  bifoid  n  wttrcalff       ""Water  Works  of  London,  by  Messrs.  Colburn  &  Shaw, 
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plane  surfaces  of  the  sand,  which  are  gradually  encrusted,  and  after  a  certain 
time  the  sand  has  to  be  cleaned.  The  effect  on  suspended  matters,  both 
organic  and  mineral,  is  certainly  satisfactory.  On  dissolved  organic  matter  it 
is  less  so.i    Mr.  Witt's  experiments  show  only  a  removal  of  about  5  per  cent. 

Some  experiments  were  made  at  Netley  on  a  sand  filter  of  1  square  foot 
surface,  and  made  in  imitation  of  a  London  water  company's  filter,  viz.,  15 
inches  of  fine,  well-washed  white  sand,  and  20|  inches  of  gravel,  gradually 
increasing  in  coarseness.  The  first  eight  gallons  were  thrown  away,  so  as  to 
avoid  the  fallacy  of  including  the  distilled  water  "vrith  which  the  sand  had 
been  washed. 

This  sand  filter  had  some  efifect  in  lessening  the  dissolved  constituents, 
both  mineral  and  organic,  but  the  effect  was  limited ;  it  stopped  organic 
matter  after  it  had  ceased  to  arrest  lime.  After  a  longer  time  it  became 
useless,  and  required  washing. 

It  is  yet  uncertain  whether  the  action  of  sand  on  organic  matter  is  at  all 
chemical,  i.e.,  whether  the  organic  matter  is  oxidised  in  its  transit ;  considering 
what  an  amount  of  air  is  contained  in  the  interstices  of  sand,  and  how  finely 
the  water  is  divided  in  its  transit,  some  amount  of  oxidation  is  probable,  but 
good  chemical  evidence  is  yet  wanted.  Mr.  Shield's  experiments,  given  in 
the  note,  seem  opposed  to  the  probability  of  much  chemical  action.  On 
dissolved  mineral  matters  sand  exerts  at  first,  and  when  in  thick  layers,  a  good 
deal  of  action ;  much  sodium  chloride  can  be  removed ;  and  Professor  Clark 
has  stated  that  even  lead  can  be  got  rid  of  by  filtering  through  a  thick  stratum. 
Very  finely  divided  clay  seems  to  pass  through  more  readily  than  any  other 
suspended  matters. ^ 

The  fine  white  sand  is  the  best ;  it  should  be  chosen  carefully,  and  well 
washed,  and,  if  possible,  heated  to  redness  before  use. 

Instead  of  sand  and  gravel,  trap  rock  has  been  used. 

Sponge. — Sponge  has  a  considerable  effect  in  mechanically  arresting 
suspended  particles,  but  very  little  on  dissolved  matters. 

Animal  Charcoal. — Pure  animal  charcoal  (deprived,  as  far  as  possible,  of 
calcium  phosphate  and  carbonate  by  washing  or  by  hydrochloric  acid)  used 
to  be  considered  one  of  the  best  filtering  materials.  The  particles  of  charcoal 
should  be  well  pressed  together,  and  the  passage  of  the  water  should  not  be 
too  quick.  Contact  with  the  water  for  about  four  minutes  appears  sufficient. 
There  is  a  large  (and,  if  the  layer  of  charcoal  be  deep  enough,  complete) 
removal  of  suspended  matters,  both  mineral  and  organic ;  water  even  deeply 
tmged  comes  through  a  good  charcoal  filter  very  clear  and  bright.  So  also 
dissolved  organic  and  mineral  matters  are  removed  by  charcoal  in  the  first 


.  gravel  filter,  33  mches  in  thickness,  Mr.  Shield  (Proc.  Inst,  of  Civil  En- 

fnneersfor  186/)  gives  the  lollowmg  numbers  :-The  original  amount  of  organic  matter  being 

8906  grams  per  gallon,  the  amount  after  filtration  was  as  follows  -after  23  hours  action 
ri02  ;  after  120  hours,  -648  ;  after  240  hours,  -917  ;  after  376  hoiirs,  -809.    So  that,  while  on 
the  whole,  the  sand  removed  some  organic  matter,  the  amount  is  really  inconsiderable. 

^  A  peculiar  difficulty  never  experienced  in  England,  has  been  discovered  in  the  filtering 
through  sand,  of  the  Hooghly  water  at  Calcutta  ;  during  the  rainy  season  the  fine  mud 
brought  down  penetrates  very  deeply  into  the  filters,  and  rapidly  chokes  them  •  in  the  drv 
season  this  does  not  happen  :  the  suspended  matters  are  arrested,  as  in  England  near  the 

S'n'^f '9inf  ■  ^"'^^^  "^'^^'^  ^''^'^y  of  Bengal  for  im 

part  11,  p  210)  explains  this  by  showing  that  in  the  rainy  season  the  water  contains  much  less 
saline  matter  than  m  the  dry  season  ;  it  is  this  saline  matter  which  seem  to  act  oHkUo  caxise 
coherence  of  the  particles  of  mud,  so  that  they  become  larger  and  coarser,  and  are  more  eas  i  v 
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instance.  All  evidence  agrees  in  respect  of  that  point.  But  then  its  power 
is  limited,  and  after  a  time  it  ceases  to  be  efficient. 

In  experiments  made  with  animal  charcoal  at  Netley  (by  Drs.  F.  de 
Chaumont  and  J.  L.  Notter)  it  was  found  that  it  had  a  very  rapid  and 
powerful  olfoct  upon  dead  or  decomposing  organic  matter,  but  that  it  allowed 
fresh  organic  matter,  such  as  fresh  egg  albumin,  to  pass  through  to  a  large 
extent  unchanged. ^  This  suggests  serious  considerations  with  reference  to 
the  effect  upon  disease  poisons.  It  was  also  found  (as  in  Mr.  Byrne's  experi- 
ments) that  after  a  time  the  filtering  action  not  only  ceased,  but  that  the 
charcoal  began  to  give  back  some  of  the  organic  matter  it  had  removed.  The 
same  result  takes  place  if  the  water  be  left  too  long  in  contact  with  the 
charcoal.  Water  filtered  through  charcoal,  if  it  be  kept  for  any  length  of  time, 
shows  some  evidence  of  low  forms  of  organic  life, — in  some  instances  a  copious 
deposit  forming.  This  may  be  due  either  to  spores  or  germs  passing  through 
unchanged,^  or  to  the  phosphates  yielded  by  the  charcoal  affordhig  a  favourable 
nutrient  for  germs  absorbed  from  the  atmosphere.  For  these  reasons  it  seems 
unadvi  sable  to  use  charcoal  for  filtration  on  a  large  scale,  independent  of  the 
consideration  of  expense.  The  plan  of  placing  charcoal  filters  in  water 
cisterns,  now  often  practised,  ought  also  to  be  given  up.  The  conclusions 
to  be  arrived  at  witli  regard  to  charcoal  as  a  filtering  medium  are  these  : — (1) 
It  acts  both  chemically  and  mechanically,  and  is  at  first  both  rapid  and 
efficient.  (2)  With  a  good  bulk  of  material,  water  may  be  passed  through 
nearly  as  rapidly  as  it  can  flow  and  be  well  puritied.  (3)  Water  must  not  be 
left  in  contact  with  the  charcoal  longer  than  is  necessary  for  filtration,  as  it 
is  apt  to  take  up  organic  matter  again.  (4)  Water  filtered  through  cliarcoal 
must  not  be  stored  for  any  time,  but  must  be  used  immediately,  as  if  kept  it 
is  apt  to  become  charged  with  minute  living  organisms.  (5)  Since  fresh 
organic  matter  may  pass  through  it  unchanged,  animal  charcoal  cannot  be 
confidently  depended  upon  to  purify  water  from  disease  poisons.  (6)  The 
power  of  charcoal  is  limited  ;  with  a  moderately  good  water  it  remains  efticient 
for  some  time,  but  with  an  impure  water  it  soon  becomes  inactive.  In  most 
cases  it  ought  to  be  cleaned  or  renewed  every  three  months. 

Vegetable  Charcoal, — Peat  Charcoal, — Seaioeed  Charcoal. — The  first  is 
much  less  efficacious  than  animal  charcoal, — even  useless  according  to  Frank- 
laud.  The  others  are  rather  more  effectual,  but  do  not  appear  to  be  very 
powerful ;  they  should  only  be  used  when  animal  charcoal  cannot  be  obtained. 

Spongy  Iron. — This  substance,  obtained  by  roasting  hematite  iron  ore,  is 
porous  metallic  iron,  and  not  unlike  animal  charcoal  in  appearance.  It 
occupies  a  space  of  about  twenty  cubic  feet  to  the  ton.  Its  action  on  water  is 
both  mechanical  and  chemical,  for  it  arrests  suspended  matter  and  also  oxidises 
organic  matter  in  solution.  It  acts  upon  water  itself,  decomposing  it  and 
setting  free  hydrogen,— the  oxygen  being  afterwards  given  up  to  organic 
matter  that  may  com?  in  contact  with  it.  Its  oxidising  power  is  very  great, 
although  perhaps  a  little  slow.  Experiments  at  Netley^  showed  that  it 
could  be  depended  upon  to  remove  the  greater  part  of  the  dissolved  organic 
matter,  and  with  prolonged  exposure  the  whole  of  it  in  many  mstances  It 
has  not  much  effect  on  mineral  matter,  but  removes  lead.  It  yields  a  httle 
iron  to  the  water,  which,  however,  can  be  removed  by  further  filtration 
through  prepared  sand,— that  is,  sand  or  fine  gravel  with  pyrolusite.  Beyond 
this  nothing  is  yielded  to  the  water,  which  comes  out  quite  clear  and  pure, 

1  See  Sanitar7j  Record,  Oct.  1876,  p.  288,  and  A.M.B.  Reports,  vol.  xix  p.  170 

2  This  appeari  the  more  probable!  Minute  diatoms  were  found  m  water  wh  ch  been 
kept  for  some  montlis  that  had  passed  through  Crease's  large  filter  tanks  at  Parkhurst. 

3  A.M.D.  Rex>orts,  vol.  xx.  p.  205  et  scq. 
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and  may  be  stored  for  a  long  time  without  undergoing  any  change  or  showing 
signs  of  the  production,  of  living  organisms, — or  in  any  way  favouring 
putrefaction.  1  Water  left  in  contact  with  it  does  not  deteriorate.  It  retains 
its  filtering  power  a  long  time,  very  much  longer  than  animal  charcoal. 
Those  properties  render  it  suitable  for  use  on  a  large  scale,  and  it  has  been  so 
used  in  several  places ;  as,  for  example,  in  the  Water  Works  of  Antwerp.  On 
the  whole,  it  must  be  looked  upon  as  one  of  the  most  powerful  and  lasting 
filtering  media  we  have. 

Carferal. — This  substance  has  been  introduced  within  the  last  two  or  three 
years.    It  is  a  black  granular  matter,  bearing  an  external  resemblance  to 
granular  animal  charcoal.    Its  specific  gravity  is  2-879,  and  its  bulk  in  its 
usual  condition  is  about  25  cubic  feet  to  the  ton.    Its  method  of  manufacture 
and  composition  have  not  as  yet  been  made  known,  so  far  as  can  be  ascertained, 
— but  it  consists  of  a  mixture  of  charcoal  and  iron  in  small  quantities  with 
a  basis  of  clay.^    It  has  very  considerable  purifying  powers,  and  acts  "very 
rapidly,  even  upon  fresh  albumin,  yielding  nothing  deleterious  to  the  water, 
I  which  may  be  stored  for  a  time  without  the  production  of  any  organisms. 
Its  lasting  powers  appear  to  be  slightly  better  than  those  of  the  animal 
charcoal,  although  inferior  to  those  of  spongy  iron.^    There  is,  however  the 
objection  that  it  appears  to  have  no  definite  composition.    It  is  also  probable 
that  there  is  more  than  one  sort  in  the  market,  or  that  the  material  is 
adulterated  from  time  to  time,  a  thing  difiicult  to  detect  when  the  orioinal 
composition  is  uncertain.  * 

Domestic  Filters.— On  a  small  scale,  a  number  of  substances  have  been 
used,  such  as  animal  and  vegetable  charcoal,  in  granules  or  powdsr,  or  made 
into  blocks,  or  fine  silica  impregnated  with  charcoal  (silica ted  carbon  filters) 
haematite  and  magnetic  iron  ores,  the  so-caUed  magnetic  carbide,  spongy  iron 
manganic  oxide,  flannel,  wool,  sponges,  porous  sandstones  (natural  and 
artificial),  &c. 

The  Souchon  filters,  which  are  much  employed  in  Paris,  are  made 
of  diaphragms  of  wool,  which  is  partially  tanned  by  boiling  in  solution  of 
alum  and  cream  of  tartar,  then  dyeing  in  infusion  of  gall-nufcs,  and  washing  in 
solution  of  sodium  carbonate.    The  filter  of  M  Fonvielle,  also  used  in  Paris 
IS  composed  of  nine  layers  of  sponges,  pounded  sandstone,  and  gravel  ' 

The  "  Filtre  Rapide  "  of  Maignen  is  an  ingenious  arrangement,  bv'  which 
a  large  s training  surface  is  presented  to  the  water  by  the  spreading  of  asbestos 
cloth  over  a  frame,  or  over  a  perforated  cone  of  porcelain.  Any  filtering 
inedium  m  powder  or  granules  may  be  mixed  with  the  water  and  settles  oS 
tne  ciotn  ;  tnis,  oi  course,  can  be  renewed  as  required. 

The  "  Filtre  Chanoit "  is  much  used  in  France.  The  straining  material  is 
ground  slag  ("Scorie  de  fonte"),  and  the  filter  requires  to  be \S  under 
pressure  (5  centimeters);  by  this  means  a  cushion  of  air  is  compressed  and 
acts  as  a  purifier.  ' 

The  filters  in  the  market  in  this  country  are  very  numerous,  but  the  most 
important  are  the  following  :— 

1.  Those  containing  animal  charcoal,  in  granules  or  powder 

2.  Animal  charcoal  compressed  into  blocks  by  admixture  with  silica 

other  substances.  ''"ii.c*  dua 

3.  Spongy  iron  filters. 

Those  containing  carferal  and  other  substances  of  a  nature  chiefly  mineral. 

a  '  ^^-a^^A^^.H^tav  Bischof,  "On  Putrescent  Organic  Matter  in  Pot^blTw^wT^  ^  ; 

2  ir  °-      ^^^^  '        "Sanitary  Notes  on  Potible  Water,"  z^;..  I'  ^"^''^ 

2  Hence  the  name  "  Carferal,"  from  the  first  syllables  of  ferhr    1?     '''^''i'  ?•  ^37. 

3  See  A.M.D.  Reports,  vol.  xx.  p.  205  ed  S^.  and  voh  Sci  p  ^"s'  '^^^ 
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Tho  essentials  of  a  good  filter  are  the  following 

1.  Tliat  every  part  of  the  filter  shall  be  easily  got  at,  for  the  purposes 

of  cleaning,  or  of  renewing  the  medium. 

2.  That  the  niodium  have  a  sufficiently  purifying  power,  and  be  present 

in  sufficient  quantity. 

3.  That  the  medium  yield  nothing  to  the  water  that  may  favour  the 

growth  of  low  forms  of  life. 

4.  That  the  purifying  power  be  reasonably  lasting. 

5.  That  there  shall  be  nothing  in  the  construction  of  the  filter  itself 

that  shall  be  capable  of  undergoing  putrefaction,  or  of  yielding 
metallic  or  other  impurities  to  the  water. 

6.  That  the  filtering  material  shall  not  be  able  to  clog,  and  that  the 

delivery  of  the  water  shall  be  reasonably  rapid. 

The^rs^  of  these  conditions  obviously  sets  aside  all  filters  of  the  older,  and 
what  used  to  be  the  usual,  pattern,  where  only  a  smaU  layer  of  filterin- 
material  was  present,  which  was  cemented  up  so  as  not  to  be  reached  without 
breaking  open  the  apparatus.  _ 

The  second  condition  is  fulfilled,  so  far  as  filtering  power  is  concerned, 
by  a  number  of  media ;  with  regard  to  bulk  of  material  this  is  also  fairly 
well  attended  to  in  the  filters  when  loose  material  is  used,~but  where  solid 
blocks  are  employed  the  size  is  often  quite  incommensurate  with  the  work 

they  are  called  upon  to  do.  .  j         i  * 

The  tliird  condition  is  compHed  with  by  spongy  iron,  good  samples  ot 
carferal,  and  some  other  materials,— but  (as  before  mentioned),  not  by  animal 
charcoal  in  the  loose  condition.  _  As  solid  blocks,  it  seems  to  yield  less  to 
water  than  in  the  granular  condition.  ,  x-     j  f 

The  fourth  condition  depends  a  good  deal  upon  the  relative  degree  of 
impurity  ot  the  water.    The  spongy  iron  on  the  whole  lasts  the  longest. 

The  am  condition  demands  that  nothing  organic  shall  be  used  m  tlie 
construction  of  the  filter,  or  in  the  packing  of  the  interior.i  Iron  or  other 
metal  must  be  protected  from  the  action  of  the  water.2 

The  sixth  condition  is  generally  fulfilled  when  the  material  is  loose  and 
when  the  water  is  not  too  full  of  suspended  matter.    Sometimes  sponge  is 
used  to  arrest  suspended  matter,  but  it  is  so  apt  to  get  foul  that  its  use  had 
better  be  avoided.    The  block  filters  are  very  apt  to  clog,  a  slimy  substance 
forming  on  their  surface.    This  is  partly  obviated  now  by  the  use  of  asbestos 
strainers  (as  in  the  silicated  carbon  filter).    Spongy  iron  is  apt  to  cake  imle.ss 
kept  constantly  covered  with  water,  but  this  is  arranged  for  ^  the  new 
forms  of  filter.    As  regards  rapidity  of  delivery,  the  animal  charcoal  and  the 
carSral  (when  the  sample  is  really  good)  have  the  advantage  over  spongy  iron 
and  block  filters,— in  the  following  ratio  :— 

1  Animal  charcoal,  f  Water  runs  through  fairly  weU  pui-ified  in 

2  Carferal  I     2^-  to  4  mmutes. 
3'.  Silicated  Carbon,  Average  exposure,  15  minutes. 
4.  Spongy  Iron,^  „  n  " 

It  is  obvious  that,  for  reasons  of  convenience,  one  filter  may  be  preferable 


^^'wSer  can  be  drawn  off  nxuch  more  rapidly  from  this  filter,  if  required,  but  tbi«  is  not 
recommended  by  tbe  inventor. 
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to  the  others  according  to  circumstances.  If  the  water  is  required  imme- 
diately in  considerable  quantity,  and  is  to  be  consumed  at  once,  either 
animal  charcoal  or  carferal  would  be  used.  In  the  other  cases,  where  the 
delivery  is  slower,  the  size  or  the  number  of  the  hlters  would  have  to  be 
arranged  accordingly. 

Cleansing  of  Filters. — A.11  filters  when  first  taken  into  use  require  to  be 
washed  by  passing  from  10  to  20  gallons  of  fairly  good  water  through  them, 
according  to  the  size  of  the  filter,  as  the  filtering  medium  generally  yields  some- 
thing to  water  in  the  beginning.    It  is  also  necessary  to  ensure  the  removal 
of  dust,  &c.  that  may  be  in  the  apparatus.    But  after  a  certain  time  of  use 
all  filtering  media  not  only  cease  to  be  efiicient,  but  even  in  some  instances 
give  up  impurity  to  the  water  passed  through  them ;  so  much  is  this  the  fact 
that  cases  of  illness  have  been  traced  to  this  source,  and  some  persons  have 
thought  the  dangers  of  filtration  were  greater  than  those  of  unfiltered  water. 
There  is  no  doubt  that  the  practice  of  depending  for  years  upon  the  efficiency 
of  a  filter,  which  has  never  been  cleaned  or  had  its  material  renewed,  is 
fraught  with  danger,  and  there  is  still  danger  to  be  apprehended  from  many 
of  the  so-called  "self-cleaning"  filters  which,  in  the  tvords  of  advertisement, 
"require  no  attention."    There  is  a  limit  to  the  power  of  all  filtering 
materials,  and  no  implicit  confidence  can  be  placed  in  any  of  the  methods 
vaunted  as  "self-cleaning."    It  is  not  possible  to  state  positively  the  length 
of  time  any  filtering  material  will  remain  efficient,  so  much  depending  upon 
the  condition  of  the  water  and  the  quantity  passed  through.  Animal 
charcoal  in  granules  or  powder  ought  to  be  examined  at  least  every  three 
months.    If  water  passed  through  it  can  be  chemically  and  microscopically 
analysed  and  is  found  pure,  the  charcoal  may  be  continued  in  use,— but  in 
the  absence  of  such  assurance  it  will  be  safer  to  take  steps  for  cleaning  it. 
.The  best  plan  of  all  is  to  heat  it  to  redness  under  cover,  and  then  wash  it 
with  distilled  water  or  the  cleanest  that  can  be  procured.    Failing  this, 
boiling  it,  with  or  without  permanganate  of  potassium  solution  or ''dilute 
Condy's  fluid  and  a  little  mineral  acid,  is  tlie  safest  plan.    After  this  it  may 
be  exposed  to  the  air  and  sun,  thoroughly  washed,  and  then  used  again, 
ihe  permanganate  solution  (or  Condy's  fluid)  should  be  passed  through  it 
until  It  comes  out  a  distinct  pink  colour.     Carferal  may  be  treated  in  much 
the  same  way  as  charcoal,  with  the  omission  of  the  permanganate  solution- 
but  It  must  be  remembered  that  in  both  cases  the  duration  of  efficiency 
depends  greatly  upon  the  bulk  of  the  material  with  reference  to  the  quan- 
tity ot  water  passed  through  it. 

Spongy  iron  retains  its  efficiency  for  a  long  time,  and,  as  in  the  filters 
made  with  it  the  flow  of  water  is  expressly  limited  with  reference  to  the  bulk 
o±  niaterial,  the  difi-erence  is  solely  in  relation  to  the  greater  or  less  impurity 
of  the  water  acted  upon.  Its  efficiency  may  generally  be  depended  upon  for 
a  year,  and  unless  the  water  be  very  impure,  even  for  a  considerably  longer 
time  So  long  as  the  water  filtered  through  it  appears  chemically  and  microsco- 
picaUy  pure,  the  filtration  may  be  carried  on  with  confidence.  When  the  limit 
of  efficiency  is  reached,  the  only  safe  plan  is  to  renew  the  charge  of  material 
and  It  is  generally  advisable  to  provide  for  this  renewal  once  a  year  •  should 
circumstances  arise  however,  to  prevent  this  renewal,  the  best  plan  for  clean- 
ing IS  to  subject  all  the  material  to  the  action  of  fire,  up  to  a  low  red  heat 
then  to  wash  the  whole  well,  and  return  it  into  the  filter.  The  cleansinc.  wTth 
permanganate  and  acid  must  not  be  attempted  cleansing  with 

to  t'atte^X"  — ^' 
Strainers  of  sponge,  or  any  material  which  cannot  stand  the  action  or  fire, 
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ought  also  to  be  given  up.    Asbestos  forms  an  excellent  strainer,  and  can  be 
lieated  to  redness,  so  as  to  destroy  all  organic  matter,  as  often  as  required. 

Block  Filters  are  generally  undesirable  forms ;  but  if  used,  they  may  be 
cleansed  by  carefully  brushing  the  surface,  pumping  air  in  the  reverse  way, 
and  treating  with  permanganate  as  above  described.  They  are  of  various 
sizes,  from  small  pocket  filters  to  large-sized  domestic  filters  delivering  30  to 
50  gallons  a-day.  The  pocket  filters  are  useful  as  strainers,  but  their  small 
size  must  make  the  duration  of  their  oxidising  power  very  short.  They 
ought  to  be  frequently  brushed  and  washed  in  clean  water,  with  permanganate 
if  possible. 

Cistern  and  Pipe  Filters. — Filters  are  sometimes  placed  in  cisterns,  being 
constantly  immersed  in  the  water  to  be  filtered.  This  is  an  objectionable 
plan,  and  ought  to  be  abandoned.  Pipe  filters  are  those  which  are  placed  in 
the  course  of  a  supply  pipe,  and  tap-filters  those  which  are  fitted  on  to  a 
delivery  tap.  The  objection  to  most  of  those  filters  is  that  they  are  generally 
much  too  small  for  the  work  expected  from  them,  as  they  are  usually 
represented  by  a  small  cylinder  of  block  carbon  or  a  few  ounces  of  animal 
charcoal.  For  proper  filtration  the  only  way  is  to  have  a  full-sized  filter 
attached  to  the  supply  pipe,  with  a  ball-cock  or  similar  apparatus  for  filling 
it.i  The  object  is  of  course  two-fold, — first,  to  ensure  that  all  the  water 
drawn  shall  be  filtered,  and,  second,  to  save  the  time  required  when  the  filter 
has  to  be  fiUed  by  hand. 

Service-Filters  for  land  and  sec?. —Lieut. -Col.  Crease,  C.B.,  Eoyal  Marme 
Artillery,  has  arranged  some  excellent  forms  of  filters,  both  small  for  barrack, 
hospital,  or  ambulance  use,  and  large  tanks  for  ships,  or  for  large  bodies  of  men 
on  shore.  The  principle  of  them  all  is  a  filter  of  strong  durable  material, 
which  yields  nothing  to  water,  space  for  a  large  quantity  of  filtering  material, 
and  a  rapid  delivery.  The  small  filters  may  be  earthenware  or  iron,  the  latter 
being  protected  internaUy  by  a  patent  cement the  larger  tanks  are  of  iron, 
protected  in  the  same  way.  The  material  originally  used  was  sand  and 
animal  charcoal  in  separate  compartments.  This  answered  very  well,  and 
was  reported  upon  very  favourably  by  Surgeon-General  Sir  A.  D.  Home, 
K  C.B.,  V.C.,  in  the  Ashanti  War.2 

Carferal  is  now  employed,  so  that  the  whole  bulk  is  active  filtering 
material     By  using  a  large  quantity  of  the  material  with  a  rapid  delivery, 
storac^e  reservoir  becomes  unnecessary.    The  delivery  can  be  regulated  by 
screwing  down  or  loosening  a  plate  in  the  filter,  so  as  to  compress  the 
materiaf,  or  slacken  the  pressure  as  required. 

SECTION  IV. 

'EFFECTS  OF  AN  INSUFFICIENT  OR  IMPURE  SUPPLY  OF 

WATER. 

Sub-Section  I. — Insufficient  Supply. 
The  consequences  either  of  a  short  supply  of  water  for  domestic  purposes, 
or  of  difficulty  in  removing  water  which  has  been^sed,  ^^.^J^^ 
this  point  much  valuable  information  was  collected  by  the  Hea  th  of  To^vn 
g^P^^^^^^^^  It  was  then  shown  that  want  of 

1  See  fig.  11,  p.  104. 

3  '^£taJrond  '^^l  evidence)  of  the  HealtU  of  logons  Con.nission,  1844  and 

1845. 
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water  leads  to  impurities  of  all  kinds  ;  the  person  and  clothes  are  not  washed, 
or  are  washed  repeatedly  in  the  same  water  ;  cooking  water  is  used  scantily, 
or  more  than  once  ;  habitations  become  dirty,  streets  are  not  cleaned,  sewers 
become  clogged ;  and  in  these  various  ways  a  want  of  water  produces  unclean- 
liuess  of  the  very  air  itself.  ^  i, 

The  result  of  such  a  state  of  things  is  a  general  lowered  state  ot  heaitH 
amon<^  the  population;  it  has  been  thought  also  that  some  skm  diseases— 
scabie's,  and  the  epiphytic  affections  especially— and  ophthalmia  in  some  cases, 
are  thus  propagated.  It  also  appears  likely  that  the  remarkable  cessation 
of  spotted  typhus  among  the  civilised  and  cleanly  nations  is  in  part  owing, 
inot  merely  to  better  ventilation,  but  to  more  frequent  and  thorough  washing 
of  clothes. 

!  The  deficiency  of  water  leading  to  insufficient  cleansing  of  sewers  has  a 
igreat  effect  on  the  spread  of  typhoid  and  of  choleraic  diarrhoea ;  and  cases  have 
been  known  in  which  outbreaks  of  the  latter  disease  have  been  arrested  by  a 
heavy  fall  of  rain. 

Little  is  known  with  certainty  of  the  effects  produced  on  men  by  deficiency 
in  the  supply  of  water.  Under  ordinary  circumstances,  the  sensation  of 
thirst,  the  most  delicate  and  imperative  of  all  our  feelings,  never  permits  any 
Igreat  deficiency  for  a  long  time,  and  the  water-removing  organs  eliminate  with 
I  wonderful  rapidity  any  excess  that  may  be  taken,  so  as  to  keep  the  amount 
in  the  body  within  certain  limits.  But  when  circumstances  prevent  the  sup- 
ply of  water,  it  is  well  known  that  the  wish  to  drink  becomes  so  great,  that 
men  will  run  any  danger,  or  undergo  any  pain,  in  order  to  satisfy  it.  The 
exact  bodily  condition  thus  produced  is  not  precisely  known,  but  from  experi- 
ments on  animals  and  men,  it  would  appear  that  a  lessened  amount  of  water 
in  the  body  diminishes^  the  elimination  of  the  pulmonary  carbonic  acid,  the 
intestinal  excreta,  and  all  the  important  urinary  excreta. 

The  more  obvious  effects  produoed  on  men  who  are  deprived  for  some  time 
of  water,  is  besides  the  feeling  of  the  most  painful  thirst,  a  great  lowering  of 
muscular  strength  and  mental  vigour.  After  a  time  exertion  becomes  ahnost 
impossible,  and  it  is  wonderful  to  see  what  an  extraordinary  change  is  pro- 
duced in  an  amazingly  short  time  if  water  can  be  then  procured.  The  supply 
of  water  becomes,  then,  a  matter  of  the  most  urgent  necessity  when  men  are 
undergoing  great  muscular  efforts,  and  it  is  very  important  that  the  supply 
should  be  by  small  quantities  of  water  being  frequently  taken,  and  not  by  a 
large  amount  at  any  one  time,  The  restriction  of  water  by  trainers  is  based 
on  a  misapprehension :  a  little  water,  and  often,  should  be  the  rule. 


Sub-Section  II. — Impure  Supply. 

At  present,  owing  probably  to  the  difficulty  of  making  analyses  of  waters, 
the  exact  connection  between  impure  water  and  disease  does  not  stand  on  so 
precise  an  experimental  basis  as  might  be  wished.  There  are  some  persons 
who  have  denied  that  even  considerable  organic  or  mineral  impurity  can  be 
proved  to  produce  any  bad  effect ;  while  others  have  believed  that  some 
mineral  ingredients,  such  as  calcium  carbonate,  are  useful. 

It  may  be  true  that  water  containing  a  large  quantity  of  organic  matter,  or 
much  calcium  and  magnesium  sulphate,  has  been  used  for  long  periods  without 
any  ill  effects.  The  water  of  the  Canal  de  I'Ourcq,  which  contains  much 
calcium  bicarbonate  and  some  calcium  and  magnesium  sulphate,  was  found 


1  The  experiments  of  Falck  and  ScliefFer  on  animals,  and  of  Mosler  on  men  and  women  are 
here  referred  to.  ' 
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by  Parent-Duchatolet  to  produce  no  bad  effect,  and  Boudet  more  recently- 
asserted  tlie  same  thing.^ 

In  some  of  these  cases,  however,  very  little  careful  inquiry  has  been  made 
into  the  state  of  health  of  those  using  the  water,  and  that  most  fallacious  of 
all  evidence,  a  general  impression,  without  a  careful  collection  of  facts,  has 
often  been  the  only  ground  on  which  the  opinion  has  been  come  to.    As  well 
observed  by  Mr.  Simon,  in  one  of  his  philosophical  Eeports,2      cannot  ex- 
pect to  find  the  effect  of  impure  water  always  sudden  and  violent ;  its  results 
are  indeed  often  gradual,  and  may  elude  ordinary  observation,  yet  be  not  the 
less  real  and  appreciable  by  a  close  inquiry.    In  fact,  it  is  only  when  striking 
and  violent  effects  are  j)roduced  that  public  attention  is  arrested ;  the  minor 
and  more  insidious,  but  not  less  certain,  evils  are  borne  with  the  indifference 
and  apathy  of  custom.    In  some  cases  it  is  by  no  means  improbable  that  the 
use  of  the  impure  water,  which  is  supposed  to  be  innocuous,  has  been  really 
restricted,  or  that  experience  has  shown  the  necessity  of  purification  in  some 
way     This  much  seems  to  be  certain,  that  as  precise  investigations  proceed, 
and,  indeed,  in  proportion  to  the  care  of  the  inquiry  and  the  accuracy  of  the 
examination,  a  continually  increasing  class  of  cases  is  found  to  be  connected 
with  the  use  of  impure  water,  and  it  seems  only  reasonable  to  infer  that  a  stiU 
more  rigid  inquiry  will  further  prove  the  frequency  and  importance  of  this 
mode  of  origin  of  some  diseases.  _ 

Animal  organic  matter,  especiaUy  when  of  faecal  origin ;  vegetable  organic 
matter,  when  derived  from  marshes;  and  some  salts  and  metals  are  the  principal 

noxious  ingredients.  ,  ,      .     ,       ,  .  n 

Of  the  hurtful  substances  the  suspended  animal,  and  especially  tsecal 
matters,  are  probably  the  worst.  At  least,  it  is  remarkable  how  frequently, 
both  in  outbreaks  of  diarrhoea  and  typhoid  fever,  the  reports  notice  turbidity, 
discoloration,  and  smell  of  the  water.  It  is  this  fact  which  makes  the  examma- 
tion  of  colour  and  turbidity  important.  The  thoroughly  dissolved  organic 
matters  appear  less  hurtful;  at  least  there  is  ^^^l^ f^^^^^^^^^^^^^^^^^^^  ^ 
waters,  though  containing  much  matter  dissipated  by  heat,  and  consisting  of 
dissol^^ed  organic  mattei^or  its  derivatives,  are  often  taken  without  mjur) . 
Probably,  also,  the  more  recent  the  f  ^cal  contamination,  the  more  injurious 
s^nce  the  mos  poisonous  attacks  on  record  have  been  m  cases  of  wells  into 
Xch  aft"  slow  percolation  for  some  time,  a  sudden  gush  of  sewage  water 

^'It  trbtrfrequently  stated  that  the  readily  oxidisable  organic  matters  in 
water  aTe  the  mos  dangerous.  This  opinion  has  probably  arisen  from  the 
Idea  that  a  s^^^  i-  -pid  chemical  change  is  more  likely  to  ex-te  som 

corresponding  and  hurtful  action  in  the  body ;  and  it  may  be  true,  but 
Zre  is  no  existing  evidence  which  can  be  trusted  on  the  point     There  is 
oXother  hand,^some  evidence  that  animal  matters  ^o^-^M^^'l^^:^ 
rise  to  salts  which,  though  not  oxidising  into  nitrous  and  mtnc  acid,  are  as 
hurtful  as  the  more  oxidisable  substances. 

Of  lite  vears  too,  an  opinion  has  been  expressed  that  tlie  amoum  oi  tno 
Ut  iate  years,  wu,  ^^^^_^.-™„e     i'Ms  can  be  true  only  m  a  limited 

mineral  substances  IS  of  httleconsequ^^^^^^^^     im  chloride  or  car- 

sense;  there  are  ^^^^f Sn  c^^^^  appear  to  do  no 

bonate,  or  calcium  ^^^^^^^^/J^^^^^^' 3ueh  aid  magnesium 

harm.  But  m  the  case  of  o^^^iZ  nitrke  tLr^  can  be  little  doSbt  that 
Bulphates  and  chlorides,  and  '^^''''^^f ^^^^^  probable  that  a  com- 
their  use  is  injurious  to  many  persons,    it  seems  aibu  i  — 


1  The  Canal 
source  of 
Seine. 


 ■  —7 — -        i„f;r.r.  r.f  nhout  40,000)  is  uow  abaudoued  as  a 

^anal  de  I'Ourcq  (which  has  a  boat  VOVf^^^^^  -.^SiSivom  the  rivers  Vanne  aud 
drinking  water,  aud  the  f  ^^J^P'^J^^^  City  ^  Lond^.  P-  121. 
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bination  of  impurities,  and  especially  the  co-existence  of  organic  matter  and 
calcium  sulphate,  is  hurtful;  at  least  the  analysis  of  waters  which  have 
decidedly  produced  injury  often  shows  that  the  impurities  have  been  numerous. 

As  far  as  at  present  known,  the  existence  of  infusoria  of  different  kinds  is. 
not  hurtful,  though  they  may  indicate  by  their  abundance  the  presence  ot 
organic  impurity.  The  effect  of  microzymes,  alcjoi,  or  fumji,  m  drinking  water 
is  also  a  matter  of  which  httle  or  nothing  is  known,  though  it  is  very  probable 
that  future  research  may  bring  out  something  important  in  this  direction.  _ 

The  most  practical  way  of  stating  the  facts  connected  with  the  production 
of  disease  by  water  will  be  to  enumerate  the  diseases  which  have  been  traced 
to  the  use  of  impure  water,  and  to  state  the  nature  of  the  impurities. 

1.  AFFECTIONS  OF  THE  ALIMENTARY  MUCOUS  MEMBRANE, 

It  is  reasonable  to  suppose  that  the  impurities  of  water  would  be  likely  to 
produce  their  greatest  effect  upon  the  membrane  with  which  they  come  hrst 
in  contact.    This  is  in  fact  found  to  be  the  case. 

Affections  of  the  Stomach — Dyspepsia. 

Symptoms  which  may  be  referred  to  the  convenient  term  dyspepsia,  and 
which  consist  in  some  loss  of  appetite,  vague  uneasiness  or  actual  pain  at  the 
epigastrium,  and  slight  nausea  and  constipation,  mth  occasional  diarrhoea, 
are  caused  by  water  containing  a  large  quantity  of  calcium  sulphate  andx" 
chloride,  and  the  magnesian  salts.  Dr.  Sutherland  found  the  hard  water  of 
the  red  sandstone  rocks,  which  was  formerly  much  used  in  Liverpool,  to  have 
a  decided  effect  in  producing  constipation,  lessening  the  secretions,  and 
causing^, visceral  obstructions;  and  in  Glasgow,  the  substitution  of  soft  for 
hard  water  lessened,  according  to  Dr.  Leech,  the  prevalence  of  dyspeptic  com-  , 
plaints.  It  is  a  well-known  fact  that  grooms  object  to  give  hard  water  to  their 
horses,  on  the  ground  that  it  makes  the  coat  staring  and  rough — a  result 
which  has  been  attributed  to  some  derangement  of  digestion.  The  exact 
amount  which  will  produce  these  symptoms  has  not  been  determined,  but 
water  containing  more  than  8  grains  of  each  substance  individually  or  collec- 
tively appears  to  be  injurious  to  many  persons.  This  would  correspond  to 
about  10  degrees  of  permanent  hardness,  A  much  less  degree  than  this  will 
affect  some  persons.  In  a  well  water  at  Chatham,  which  was  found  to 
disagree  with  so  many  persons  that  no  one  would  use  the  water,  the  main 
ingredients  were  19  grains  of  carbonate  of  lime,  11  grains  of  calcium  sulphate, 
and  13  grains  of  sodium  chloride  per  gallon.  The  total  solids  were  50  grains 
per  gallon.  In  another  case  of  the  same  kind,  the  total  solids  were  58  grains 
per  gallon,  the  calcium  carbonate  was  22,  the  calcium  sulphate  11,  and  the 
sodium  chloride  14  grains  per  gallon. 

Iron,  in  quantities  sufficient  to  give  a  slight  chalybeate  taste,  often  produces 
slight  dyspepsia,  constipation,  headache,  and  general  malaise.  Custom  some- 
times partly  removes  these  effects. 

Diarrhoea. 
Many  conditions  produce  diarrhoea. 

(a)  Suspended  Mineral  Substances. — Clay,  Marl — as  in  the  cases  of  the 
water  of  the  Maas,  the  Mississippi,  the  Missouri,  Rio  Grande,  Kansas,^  of  the 
Ganges,  and  many  other  rivers — will  at  certain  times  of  the  year  produce 

1  Hammoud's  Hygiene,  p.  218. 
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diarrhoea,  especially  in  persons  unaccustomed  to  the  water.    The  hill  diarrhoea 
at  Dhurmsala  is  produced,  apparently,  by  suspended  very  fine  scales  of  rnica.^ 

(h)  Suspended  Animal,  and  especially  Fmcal  Matters,  have  produced 
diarrhoea  in  many  cases  ;  such  water  always  contains  dissolved  organic  matters, 
to  which  the  ellect  may  be  partly  owing.    The  case  of  Croydon  in  1854 
(Carpenter)  is  one  of  the  most  striking  on  record.    In  cases  in  which  the 
water  is  largely  contaminated  with  suspended  sewage,  it  is  important  to 
observe  that  the  sym]3toms  are  often  markedly  choleraic  (purging,  vomiting, 
cramps,  and  even  some  loss  of  heat).    This  point  has  been  again  noticed  by 
Oldekop  of  Astrachan,*'  who  found  marked  choleraic  symptoms  to  be  produced 
by  the  water  of  the  Volga,  which  is  impregnated  with  sewage.    Seven  cases 
in  one  house  of  violent  gastro-intestinal  derangement  (vomiting,  diarrhoea, 
colic,  and  fever),  produced  by  water  contaminated  by  sewage  which  had  passed 
into  the  cistern,  are  recorded  by  Dr.  Gibb.^    In  the  prison  at  HaUe  an  out- 
break of  diarrhoea  was  traced  by  Dolbruck  to  the  contamination  of  water  with 
putrid  substances.    In  St.  Petersburg  the  water  of  the  Neva,  which  is  rich  in 
organic  substances,  give  diarrhoea  to  strangers.* 

Suspended  animal  and  vegetable  substances,  washed  off  the  ground  by 
heavy  rain  into  shallow  wells,  have  often  produced  diarrhoea,  as  at  Prague  in 
1860,  when  an  endemic  of  "  catarrh  of  the  alimentary  canal  "  was  caused  by 
heavy  floods  washing  impurities  into  wells.^ 

(c)  Suspended  Vegetable  Substances.— In  this  country,  and  also  in  the  late 
American  civil  war,  several  instances  have  occurred  of  diarrhoea  arising  from 
the  use  of  surface  and  ditch  water,  which  ceased  when  wells  were  sunk ; 
possibly  there  might  be  also  animal  contamination.  It  is  not,  therefore,  quite 
certain  that  suspended  vegetable  matter  was  the  vera  causa.  Surgeon- 
Major  Gore  has  recorded  a  violent  outbreak  of  diarrhoea  at  Bulama,  on  the 
west  coast  of  Africa,^  produced  by  the  water  of  a  well ;  the  water  was  itself 
pure,  but  was  milky  from  suspended  matters,  consisting  of  debris  of  plants, 
chlorophyll,  minute  cellular  and  branched  algo},  monads,  polygastnca,  and 
minute  particles  of  sand  and  clay.    When  filtered  the  water  was  quite 

(d)  Dissolved  Animal  Organic  Matter.— The  opinion  is  very  widely  diffused 
that  dissolved  and  putrescent  animal  organic  matter,  to  the  amount  of  3  to  10 
grains  per  gallon,  may  produce  diarrhoea.  This  is  possibly  correct,  but  two 
points  must  be  conceded— Is^,  That  there  are  usually  other  impurities  which 
aid  the  action  of  the  orgaaic  matter  ;  and  2c?,  That  organic  matter,  even  to  the 
amount  of  10  to  15  grains  per  gallon,  may  exist  without  bad  effects  if  it  be 
perfectly  dissolved.  In  the  latter  case  the  water  is,  however,  always  clear  and 
sparkling,  never  tainted  or  discoloured.  The  frequent  presence  of  other 
impurities  renders  it  difficult  to  assign  its  exact  influence  to  dissolved  organic 

matters.  „    ,       t  r 

In  the  case  of  a  well-ventilated  court  in  Coventry,^  where  diarrhoea  was 
constantly  present,  the  water  contained  5-68  grains  per  gallon  of  volatile  and 
combustible  matter,  but  then  it  contained  also  no  less  than  105  g^ams  of  ^xe^ 
salts,  which,  as  the  water  had  a  permanent  hardness  of  51  -6  (Clark  s  scale) 
after  boiling,  must  have  consisted  of  calcium  and  magnesium  sulphates  and 

1  Whitwell,  vide  Dr.  Macnamara's  8^;^  Report  on  Potable  Waters  in  Bengal,  Appendix, 

p.  44  . 

2  Virchow's  Archiv,  band  xxvi.  p.  J 17. 

3  British  Medical  Journal,  Oct.  1870.  . 

4  Uisch  quoted  by  Roth  and  Lex,  Mil.-Qesundheitspfl.,  p.  24. 
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chlorides.  It  also  contained  alkaline  salts,  nitrates,  and  ammonia.  The  com- 
position was  therefore  so  complex,  that  it  is  difficult  to  assign  to  the  organic 
matter  its  share  in  the  e£Fects. 

The  animal  organic  matter  derived  from  graveyards  appears  to  he  especially 
hurtful;  here  also  ammonium  and  calcium  nitrites  and  nitrates  may  be 
present. 

(e)  Dissolved  Vegetable  Matter. — There  is  some  evidence  to  show  that  this 
produces  diarrhoea.  Wanklyn  cites  the  case  of  the  Leek  workhou.se  and 
also  that  of  Eiddulph  Moor,  in  both  of  which  vegetable  matter  in  solution 
appeared  to  produce  diarrhoea. 

(/)  Foetid  Gases.- — Water  containing  much  hydrogen  sulphide  will  give 
rise  to  diarrhoea,  especially  if  organic  matter  be  also  present.  In  the  Mexican 
War  (1861-62),  the  French  troops  suffered  at  Orizaba  from  a  peculiar 
dyspepsia  and  diarrhoea,  attended  with  immense  disengagement  of  gas 
and  enormous  eructations  after  meals.  The  eructed  gas  had  a  strong  smell 
of  hydrogen  sulphide. ^  This  was  traced  to  the  use  of  water  from  sul- 
phurous and  alkaline  springs  ;  even  the  best  waters  of  Orizaba  contained 
organic  matter  and  ammonia  in  some  quantity.  The  experiments  of  Professor 
Weber  have  shown  what  marked  effects  are  produced  by  the  injection  of 
hydrogen  sulphide  in  solution  in  water  into  the  blood;  is  it  possible  that 
water  containing  animal  organic  matter  may  occasionally  form  SHg  after 
absorption  into  the  blood,  and  that  the  poisonous  effect  of  some  water  may 
be  owing  to  this  1  The  symptoms  of  poisoning  by  water  contaminated  by 
sewage  are  sometimes  very  like  those  noted  by  Weber  in  his  experiments, 
viz.,  diarrhoea  and  even  choleraic  symptoms  (lowering  of  temperature),  and 
irritation  of  the  lungs,  spine,  liver,  and  kidneys. 

The  absorption  of  sewer  gases,  as  when  the  overflow-pipe  of  a  cistern  opens 
into  the  sewers,  will  cause  diarrhoea.  This  seems  perfectly  proved  by  the 
case  recorded  by  Dr.  Greenhow,  in  Mr.  Simon's  second  report.  ^ 

(g)  Dissolved  Mineral  Matters,  if  passing  a  certain  point,  produce  diarrhoea. 
Boudin  refers  to  an  outbreak  of  diarrhoea  at  Oran,  in  Algiers,  which  was  dis- 
tinctly traced  to  bad  water,  and  ceased  on  the  cause  being  removed;  the  com- 
position of  the  water  is  not  explicitly  given,  but  it  contained  lime,  magnesia, 
and  carbonate  of  soda.  Sulphates  of  lime  and  magnesia  also  cause  diarrhoea, 
following  sometimes  constipation.  The  selenitic  well  waters  of  Paris  used  to 
have  this  effect  on  strangers.  Parent-Duchatelet^  noticed  the  constant  excess 
of  patients  furnished  by  the  prison  of  St.  Lazare,  in  consequence  of  diarrhoea, 
and  he  traced  this  to  the  water,  which  "contained  a  very  large  proportion  of 
sulphate  of  lime  and  other  purgative  salts;  "  and  he  tells  us  that  Pinel  had 
noticed^  the  same  fact  twenty  years  before  in  a  particular  section  of  the 
Salpetri^re.  In  some  of  the  West  Indian  stations,  the  water  drawn  from  the 
calcareous  formation  has  been  long  abandoned,  in  consequence  of  the  tendency 
to  diarrhoea  which  it  caused. 

Calcium  nitrate  waters  also  produce  diarrhoea.  A  case  is  on  record,  in 
which  a  well  water  was  obliged  to  be  disused,  in  consequence  of  its  impregna- 
tion with  butyrate  of  calcium  (105  grains  per  gallon),  which  was  derived  from 
a  trench  filled  with  decomposing  animal  and  vegetable  matters.^ 

Brackish  water  (whether  rendered  so  by  the  sea,  or  derived  from  loose 


in  nec  de  Mem.  de  Med.  Mil.  1863,  p.  218.   The  exact  words  are  "una  odeur 
d  acid  sulfurique,"  but  "  sulfhydrique  "  must  be  meant. 

3  n?/gQnfF'Sl/'^  ^^t  •^''^*236  ^'^'^^^  ^'^^^''^  "^^^'^^  Council,  Pari.  Paper,  1860,  p.  153. 

♦  Zeitschrift  fur  Hygiene,  vol.  i.  p.  166.  See  also  a  remark  on  the  effect  of  calcium  nurl 
potassium  nitrate  in  causing  a  tendency  to  diarrhcea  in  the  Report  ortlS  DrainaTe  Be?Hn 
{Die  Kanahsahon  von  Berlin,  1868,  pp.  27,  28.)  i^^^^n  tne  jjramage  ol  l^erlin 
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sands)  produces  diarrhoea  in  a  large  percentage  of  persons,  and  at  some  of  the 
Cape  frontier  stations  water  of  this  character  formerly  caused  much  disease 
of  this  kind.  lu  a  water  examined  at  Netley,  which  became  brackish  from 
sea  water,  and  which  produced  diarrhoea  in  almost  all  persons,  the  amount  of 
chloride  of  sodium  was  found  to  be  253  grains  per  gallon.  But,  doubtless,  a 
much  less  quantity  than  this,  especially  if  chloride  of  magnesium  be  present, 
will  act  in  this  way. 

(h)  Metallic  Impregnation. — Occasionally  animal  organic  matter  acts  in  an 
indirect  way,  by  producing  nitrites  and  nitrates,  which  act  on  metals. 

Dr.  Bcedeker,!  a  physician  in  Witten,  was  called  to  some  cases  of  sickness 
produced  apparently  by  water.  On  examining  the  point,  he  found  the  water 
was  drawn  from  a  pump  with  a  copper  cylinder,  and  contained  a  considerable 
quantity  of  copper,  which  seemed  to  be  in  combination  with  some  organic 
matter.2  Lead  (as  might  have  been  anticipated)  was  also  largely  present  in  this 
water,  as  leaden  pumps  were  used;  iron,  on  the  contrary,  was  not  dissolved. 

Dysentery. 

Dysentery  also  is  decidedly  produced  by  impure  water,  and  this  cause 
ranks  high  in  the  etiology  of  dysentery,  though  perhaps  it  is  not  the  first. 

Several  of  the  older  army-surgeons  refer  to  this  cause.  Pringle  does  so 
several  times,  and  also  Donald  Munro.^  In  the  West  Indies,  Lempriere,*  ^ 
in  1799,  noticed  the  increase  of  bowel  complaints  in  Jamaica  in  May,  when, 
after  floods,  the  water  was  bad  and  turbid,  "and  loaded  with  dirt  and  filth." 
He  also  mentions,  that  at  Kingston  and  Port  Royal  the  dysentery  was  owing 
to  brackish  water.  It  was  not,  however,  for  many  years  after  this  that 
fresh  sources  of  water  were  sought  for  in  the  West  Indies,  and  that 
rain-water  began  to  be  used  when  good  spring  or  river  water  could  not 

be  got.  . 

Davis  5  mentions  as  a  curious  fact,  in  reference  to  the  West  Indies,  that 
ship's  crews,  when  ordered  to  Tortola,  were  "  invariably  seized  with  fluxes," 
which  were  caused  by  the  water.  But  the  inhabitants  who  used  tank  {i.e., 
rain)  water  were  free  ;  and  so  well  known  was  this,  that  when  any  resident  at 
Tortola  was  invited  to  dinner  on  board  a  man-of-war,  it  was  no  unusual  thmg 
for  him  to  carry  his  drinking  water  with  him. 

The  dysentery  at  Walcheren,  in  1809,  was  in  no  small  aegree  owing  to  the 
bad  water,  which  was  almost  everywhere  brackish. 

The  epidemic  at  Guadaloupe,  in  1847,  recorded  by  Cornuel,  seems  also 
quite  conclusive  as  to  the  efiect  of  impure  water  in  causing  not  merely 
isolated  cases,  but  a  wide-spread  outbreak. «  ,     ,    ^      i  . 

In  1860  at  Prague,  there  were  mauy  cases  of  dysentery,  clearly  traced  to 
the  use  of  water  of  wells  and  springs  rendered  foul  by  substances  washed  into 
the  water  by  heavy  floods.    Exact  analyses  were  not  made 

On  the  west  Coast  of  Africa  (Cape  Coast  Castle),  an  attack  of  dysentery 
was  traced  by  SurgeoiOlajor  Oakes  to  the  passage  of  sewage  from  a 

2  IfK^ln^lftXZr^^^^^^  Voisouou.  syniptoms  appears  to  be  doubtful 

^»:^Ss^.3S  1^1^' wSll^e  .  -  W™ste.  It  is  true  that 
St  is  used  lormakiug  coBee,  and  may  thus  be  to  a  certam  extent  purihed. 

3  CamjKiigns  in  Flanders  and  Germany. 
*Vol.  i.  p.  25. 

'  ge^fre'StrthetTJb^  plkes  on  Dysentery,  in  the  Bntish  and  Foreign  Malical  and 
Chi^urgicTltcvicifor  1847,  for  fuller  details  of  this  epidemic. 
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cesspool  into  one  of  the  tanks.  "  This  was  remedied,  and  the  result  was  the 
almost  total  disappearance  of  the  disease."  i     j  v 

That  in  the  East  Indies  a  great  deal  of  dysentery  has  been  produced  by 
impure  water,  is  a  matter  too  familiar  almost  to  be  mentioned  (Annesley ; 
Twining).  Its  constant  prevalence  at  Secunderabad,  in  the  Deccan,  appears 
to  have  been  partly  owing  to  the  water  which  percolated  through  a  large 
graveyard.  One  of  the  sources  of  water  contained  119  grams  of  solids  per 
gallon,  and  in  some  instances  there  were  8,  11,  and  even  30  grains  per  gallon 
of  organic  matter.  ^ 

Champouillon2  i^as  recorded  a  case  in  which  two  regiments  used  the 
impure  water  from  the  Canal  de  I'Ourcq,  near  Paris.  One  regiment  mixed 
the  water  with  coffee  or  red  wine,  the  tannin  of  which  united  with  the  organic 
matter ;  this  regiment  had  no  dysentery.  The  second  regiment  used  brandy, 
which  precipitated  the  organic  matter  on  the  side  of  the  vessel,  where  it 
putrefied.  This  regiment  suffered  from  dysentery ;  the  substitution  of  red 
wine  for  brandy  stopped  the  disease. 

The  great  effect  produced  by  the  impure  water  of  Calcutta  in  this  way  has 
been  pointed  out  by  Che  vers.  ^ 

In  time  of  war  this  cause  has  often  been  present ;  and  the  great  loss  by 
dysentery  in  the  Peninsula,  at  Ciudad  Eodrigo,  was  partly  attributed  by  Sir 
J.  M'Grigor  to  the  use  of  water  passing  through  a  cemetery  where  nearly 
20,000  bodies  had  been  hastily  interred. 

The  impurities  which  thus  produce  dysentery  appear  to  be  of  the  same 
kind  as  those  which  cause  the  allied  condition,  diarrhoea.  Suspended  earthy 
matters,  suspended  animal  organic  matter,  calcium  and  magnesium  sulphates 
and  chlorides,  calcium  and  ammonium  nitrates,  large  quantities  of  sodium  and. 
magnesium  chlorides  in  solution,  appear  to  be  the  usual  ingredients ;  but  there 
are  few  perfect  analyses  yet  known.  * 

The  observations  which  prove  so  satisfactorily  that  the  dysenteric  stools  can 
propagate  the  disease,  make  it  probable  that,  as  in  the  case  of  typhoid  fever 
and  cholera,  the  accidental  passage  of  dysenteric  evacuations  into  drinking 
water  may  have  some  share  in  spreading  the  disease. 

2.   AFFECTION  OF  OTHER  MUCOUS  MEMBRANES  BESIDES  THE  ALIMENTARY. 

Little  has  yet  been  done  to  trace  out  this  point.  At  Prague,  after  the  severe 
flood  of  1860,  bronchial  catarrh  was  frequent,  probably  caused  chiefly  by  the 
chills  arising  from  the  great  evaporation ;  but  it  was  noticed  that  bronchial 
catarrh  was  most  common  when  the  drinking  water  was  foulest  and  produced 
dysentery.  Possibly  the  bronchial  and  the  urinary  mucous  membranes  may 
also  Suffer  from  foul  water;  the  point  is  well  worthy  of  close  investigation. 

3.  SPECIFIC  DISEASES. 

That  some  of  the  specific  diseases  are  disseminated  by  drinking  water  is  a 
fact  which  has  only  attracted  its  due  share  of  attention  of  late  years.  It  is 
certainly  one  of  the  most  important  steps  in  etiology  which  has  been  made  in 
this  century,  and  the  chief  merit  of  its  discovery  is  due  to  the  late  Dr.  Snow. 

1  Indian  Report,  p.  44. 

2  Rec.  de  Mem.  de  Med.  Mil.  1872,  Sept.  p.  230. 

3  Indian  Annals,  No.  17,  p.  70,  1864. 

*  A  localised  epidemic  of  dysentery  occurred  in  some  barracks  at  Niimberg  in  tlie  summer 
of  1872,  30  cases  and  4  deaths  taking  place  among  the  soldiers.  The  absorption  of  putrefaction 
gases  from  the  cloaca  in  the  wings  of  the  building  by  the  drinking  water,  was  considered  to 
be  the  cause  ;  the  water  contained  nitrates  and  free  ammonia.  An  individual  predisposition 
to  the  disease  appeared,  however,  to  be  also  necessary.  (Schmidt's  Jakrhucher,  1874,  1  vol. 
p.  ZJ.) 
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WATER. 


Malarious  Fevers. 


Hippocrates  states  that  the  spleens  of  those  who  drink  the  water  of  marshes 
become  enlarged  and  hard;  and  Rhazes  not  only  asserted  this,  but  affirmed 
that  it  generated  fevers.  Little  attention  seems  to  have  been  paid  to  this 
remark,  and  in  modern  times  the  opinions  of  Lancisi,  that  the  air  of  marshes 
is  the  sole  cause  of  intermittents,  has  been  so  generally  adopted,  that  the 
possibility  of  the  introduction  of  the  cause  by  means  of  water,  as  well  as  of 
air,  was  overlooked.  Still,  it  has  been  a  very  general  belief  among  the  in- 
habitants of  marshy  countries,  that  the  water  could  produce  fever.  Henry 
Marshall!  says  that  the  Singhalese  attribute  fevers  to  impure  water, 
"  especially  if  elephants  or  buffaloes  have  been  washing  in  it,"  and  it  is  to  be 
presumed  that  he  referred  to  periodical  fevers.  On  making  some  inquiries  of 
the  inhabitants  of  the  highly  malarious  plains  of  Troy,  during  the  Crimean  war, 
Parkes  found  the  villagers  universally  stated,  that  those  who  drank  marsh 
water  had  fever  at  all  times  of  the  year,  while  those  who  drank  pure  water 
only  got  ague  during  the  late  summer  and  autumnal  months.  The  same  belief 
is  prevalent  in  the  south  of  India ;  and  in  Western  Candeish,  Canara,  Balaghut, 
and  Mysore,  and  in  the  deadly  Wynaad  district,  it  is  stated  by  Mr.  Bettington 
of  the  Madras  Civil  Service,  that  it  "  is  notorious  that  the  water  produces 
fever  and  affections  of  the  spleen."  The  essay  by  this  gentleman ^  gives, 
indeed,  some  extremely  strong  evidence  on  this  point.  He  refers  to  villages 
placed  under  the  same  conditions  as  to  marsh  air,  but  in  some  of  which  fevers 
are  prevalent,  in  others  not ;  the  only  difference  is,  that  the  latter  are  supplied 
with  pure  water,  the  former  with  marsh  or  nullah  water  full  of  vegetable 
debris.  In  one  village  there  were  two  sources  of  supply, — a  tank  fed  by  surface 
and  marsh  water,  and  a  spring ;  those  only  who  drank  the  tank  water  got  fever. 
In  a  village  (Tulliwaree)  no  one  used  to  escape  the  fever;  Mr.  Bettington  dug 
a  well,  the  fever  disappeared,  and,  during  fourteen  years,  had  not  returned. 

Another  village  (Tambatz)  was  also  "notoriously  unhealthy;"  a  well  was 
dug,  and  the  inhabitants  became  healthy.  Nothing  can  well  be  stronger  than 
the  positive  and  negative  evidence  brought  forward  in  this  paper. 

Dr.  Moore  ^  also  noted  his  opinion  of  malarious  disease  being  thus  pro- 
duced ;  and  M.  Commaille  ^  has  since  stated,  that  in  Marseilles  paroxysmal 
fevers,  formerly  unknown,  have  made  their  appearance,  since  the  supply  to  the 
city  has  been  taken  from  the  canal  of  Marseilles.  In  reference  also  to  this  point, 
Dr.  Townsend,  the  Sanitary  Commissioner  for  the  Central  Provinces  in  India, 
mentions  in  one  of  liis  able  reports  ^  that  the  natives  have  a  current  opinion 
that  the  use  of  river  and  tank  water  in  the  rainy  season  (when  the  water 
always  contains  much  vegetable  matter)  will  almost  certainly  produce  fever 
{i.e.,  ague),  and  he  believes  there  are  many  circumstances  supporting  this 
view.  In  this  way  the  prevalence  of  ague  in  dry  elevated  spots  is  often,  he 
thinks,  to  be  explained.  He  mentions  also  that  the  people  who  use  the  water 
of  streams  draining  forest  lands  and  rice  fields  "  suffer  more  severely  from 
fever  (ague)  than  the  inhabitants  of  the  open  plain  drawing  their  water  from 
a  son  on  which  wheat  grows.  In  the  former  case  there  is  far  more  vegetable 
matter  in  the  water.  The  Upper  Godavery  tract  is  said  to  be  the  most  aguish 
in  the  province,  yet  there  is  not  an  acre  of  marshy  ground ;  the  people  use  the 
water  of  the  Godavery,  which  drains  more  dense  forest  land  than  any  river  m 
India, 


1  Topography  of  Ceylon,  p,  52.  ^  jndian  Annals,  vm 
3  Indian  Annals,  1867.  *  Rec.  de  Mtn.  dc  Mi 

5  For  1870,  published  at  Nagpore  in  1871,  para.  143  et  scq. 
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In  the  "  Landes  "  (of  south-west  France),  the  water  from  the  extensive 
sandy  plain  contains  much  vegetable  matter,  obtained  from  the  vegetable 
deposit,  which  binds  together  the  siliceous  particles  of  the  subsoil.  It  has  a 
marshy  smell,  and,  according  to  Faur^,  produces  intermittents  and  visceral  en- 
gorgements. Dr.  Blanc,  in  his  papers  on  Abyssinia,  mentions  that  on  the 
march  from  Massowah  to  the  highlands,  Mr,  Prideaux  and  himself,  who  drank 
water  only  in  the  form  of  tea  or  coffee,  entirely  escaped  fever,  while  the  others 
who  were  less  careful  suffered,  and,  as  Dr.  Blanc  believes,  from  the  water. 

The  same  facts  have  been  noticed  in  this  country.  Many  years  ago  Mr. 
Blower  of  Bedford  mentioned  a  case  in  which  the  ague  of  a  village  had  been 
much  lessened  by  digging  wells,  and  he  refers  to  an  instance  in  which,  in  the 
parish  of  Houghton,  almost  the  only  family  which  escaped  ague  at  one  time 
was  that  of  a  farmer  who  used  well-water,  while  all  the  other  persons  drank 
ditch  water,  1 

At  Sheerness  the  use  of  the  ditch  water,  which  is  highly  impure  with  vege- 
table debris,  has  been  also  considered  to  be  one  of  the  chief  causes  of  the 
extraordinary  insalubrity,  ^ 

At  Versailles  a  sudden  attack  of  ague  in  a  regiment  of  cavalry  was  traced 
to  the  use  of  surface  water  taken  from  a  marshy  district,^ 

The  case  of  the  "  Argo,"  recorded  by  Boudin,^  is  an  extremely  strong  one. 
In  1834,  800  soldiers  in  good  health  embarked  in  three  vessels  to  pass  from 
Bona  in  Algiers  to  Marseilles.  They  all  arrived  at  Marseilles  the  same  day. 
In  two  vessels  there  were  680  men  without  a  single  sick  man.  In  the  third 
vessel,  the  "Argo,"  there  had  been  120  men ;  thirteen  died  during  the  short 
passage  (time  not  given),  and  of  the  107  survivors  no  less  than  98  were  dis- 
embarked with  all  forms  of  paludal  fevers,  and  as  Boudin  himself  saw  the 
men,  there  was  no  doubt  of  the  diagnosis.  The  crew  of  the  "  Argo  "  had  not  a 
single  sick  man. 

All  the  soldiers  had  been  exposed  to  the  same  influences  of  atmosphere 
before  embarkation.  The  crew  and  the  soldiers  of  the  "  Argo  "  were  exposed  to 
the  same  atmospheric  condition  during  the  voyage  5  the  influence  of  air  seems 
therefore  excluded.  There  is  no  notice  of  the  food,  but  the  production  of 
malarious  fever  from  food  has  never  been  suggested.  The  water  was  how- 
ever, different — in  the  two  healthy  ships  the  water  was  good.  The  soldiers 
on  board  the  "  Argo  "  had  been  supplied  with  water  from  a  marsh,  which  had  a 
disagreeable  taste  and  odour ;  the  crew  of  the  "  Argo  "  had  pure  water.  The 
evidence  seems  here  as  nearly  complete  as  could  be  wished.^ 

One  very  important  circumstance  is  the  rapidity  of  development  of  the 
malarious  disease  and  its  fatality  when  introduced  in  water.  It  is  the  same 
thing  as  in  the  case  of  diarrhoea  and  dysentery.  Either  the  fever-making 
cause  must  be  in  larger  quantity  in  the  water,  or,  what  is  equally  probable, 
must  be  more  readily  taken  up  into  the  circulation  and  carried  to  the  spleen' 
than  when  the  cause  enters  by  the  lungs,  ' 

In  opposition,  however,  to  all  these  statements  must  be  placed  a  remark  of 
Finke's,^  that  in  Hungary  and  Holland  marsh  water  is  daily  taken  without 
injury.    But  in  Hungary,  Dr.  Grosz  states  that,  to  avoid  the  injurious  effects 


1  Snow  On  the  Mode  of  Communication  of  Cholera,  2d  edit.  1855,  p.  130 

2  Is  it  not  possible  that  the  great  decline  of  agues  in  England  is  partly  due  to  a  niirr^r 
dnnkmg  water  being  now  used  ?  Formerly,  there  can  be  no  little  doifbt,  when  there  was  rm 
organised  supply,  and  much  fewer  wells  existed,  the  people  must  have  taken  their  suii)lv  from 
surface  collections  and  ditches,  as  they  do  now,  or  did  till  lately,  at  Sheeniess 

Grainger's  Report  on  Cholera,  Appendix  (B),  page  95  ;  footnote 
*  Traits  de  Oeographie  el  de  Statistique  Medicates,  1857,  t.  i.  p  142 
"  Ritter,  Ilirsch  in  Jahresb.  fwr  gen.  Med.  for  1869,  p.  192 
-  Oesterlen's  ifand6.  der  Hygiene,  2d  edit.  1857,  p.  129;  footnote 
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of  the  marsh  water,  it  is  customary  to  mix  hrandy  with  it,  "  a  custom  which 
favours  hypertrophies  of  the  internal  organs,  "i  Professor  Cohn,  of  the  Val  de 
Grace,  who  is  so  well  known  for  his  researches  on  intermittent  fever,2  ig  also 
inclined  to  question  the  production  of  paroxysmal  fevers  by  marsh  water. 
He  cites  numerous  cases  in  Algiers  and  Italy,  where  impure  marsh  water 
gave  rise  to  indigestion,  diarrhoea,  and  dysentery,  but  in  no  case  to  intermittent 
fever,  and  in  all  his  observations  he  has  never  met  with  an  instance  of  such 
an  origin  of  ague.  He  therefore  denies  this  power,  and  in  reference  to  the 
celebrated  case  of  the  "  Argo,"  without  venturing  to  contest  it,  he  yet  views  it 
with  suspicion,  and  questions  whether  Boudin  has  given  the  exact  details. 

An  instructive  case,  however,  is  recorded  by  Brigade-Surgeon  Faught^  The 
artillery  quartered  at  Tilbury  Fort  (in  the  Gravesend  district)  have  generally 
suffered  more  or  less  from  ague,  whilst  the  people  at  the  railway  station,  and 
the  coastguard  and  their  families  in  the  ship  lying  just  outside  the  fort,  never 
suffer  from  malarious  poisoning.  The  troops  have  been  supplied  with  drinking 
water  from  two  underground  tanks  which  receive  rain-water  from  the  roof  of 
the  barracks,  whilst  the  other  persons  above  mentioned  draw  their  drinking- 
water  from  a  spring  near  the  railway  station.  From  December  1873  to  July 
1874  the  troops  were  supplied  from  the  same  source,  on  account  of  the  barrack 
tanks  bein^  out  of  repair.  The  following  table  shows  the  returns  of  sickness :— 


Date. 

Strength. 

Admissions 
for 
Ague. 

Percentage 
of 

Admissions. 

Ratio  of 
Admissions, 
per  annum. 

Water 
used. 

1872. 
Jan.  to  June. 

103 

34 

33 

66 

Water 
from  bar- 
rack tanks. 

1873. 
Jan.  to  June. 

102 

12 

11-8 

23-6 

Do. 

1873-4. 
Dec.  1873  to 
July  1874. 

90 

1* 

1-1 

1-9 

Water 
from  spring 
at  the  rail- 
way sta- 
tion. 

1874-5. 
Nov.  1874  to 
March  1875. 

53 

4t 

7-6 

22-8 

Water 
from  bar- 
rack tanks. 

Ttie  analyses  of  the 
■waters  showed  that 
the  tanlts  were  ex- 
posed   to  soakage 
from  the  sun-ound- 
ing  salt  marsh,  for 
the   so-called  rain- 
water jielded  41 '3 
grains  per  gallon  of 
total  solids  in  the  one 
case,  and  145 '25  in 
the  other,  the  chlo- 
rine being  respec- 
tively 12-8  and  33-9. 
The    station  water 
gave  38  grains  total 
solids  and  only  3-3  of 
clilorine.  As  regards 
organic  matter,  the 
tank  waters  showed 
actually  less  impurity 
than     the  station 
water  hy  the  ammo- 
nia method,  hut  hy 
the  pennanganate 
method   they  were 
three  times  as  im- 
pure. For  full  details 
and  for  the  micro- 
scopic examination, 
seethe  original  paper. 


 r~r        1        fivp  fluvi  •  it  occurred  only  a  few  days  after  the  arrival  of  the  battery. 

;  K^^sVLd^C  hS^^^^  sent  on  furlough,  bemg  much  debilitated  by 


malaria. 


Sninftpr  case  of  importance  is  that  reooxmted  by  C.  Smart,  Capt.  and  Assist. 
S„t  U  S  1*    In  the  Kocky  Mountain  district  of  North  America  a  feve. 


m 


2  Jjiv  Ingestion  des  'eaux  Marecageuses 
mittentes,  par  L.  Colin,  Paris,  1872 

3  Army  Medical  Reports,  vol.  xvii.  p.  2.U. 

■   4  For  details  see  A.M.D.  Reports,  vol.  xix.  p 
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rapidly  there,  and  the  disease  occurs  sometimes  when  the  thermometer  is  at 
times  below  zero,  and  always  below  the  freezing-point,  but  most  frequently  at 
times  when  fever  does  not  occur  in  the  plains,  but  which  coincide  with  the 
melting  of  the  snows,  viz.,  May,  June,  and  July.  Dr.  Smart  found  that  all 
the  water  in  the  rivers  contained  a  large  excess  of  organic  matter,  the  purest 
showing  from  0"19  to  0'28  per  million  of  albuminoid  ammonia,  whilst  the 
springs  showed  only  0"10.  The  amount  was  much  increased  after  heavy 
snow-fall,  and  on  analysing  the  snow  he  was  surprised  to  find  it  contains  a 
large  excess  of  organic  matter,  especially  that  which  fell  in  large  heavy  flakes 
(as  high  sometimes  as  0'58  of  albuminoid  ammonia).  Dr.  Smart  concludes 
that  vegetable  organic  matter  is  blown  up  from  the  plains  and  precipitated 
with  the  snow,  and,  when  the  latter  melts,  carried  into  the  streams.  At 
stations  where  care  is  taken  with  the  water-supply,  and  especially  where 
suspended  matter  is  prevented  as  much  as  possible  from  getting  into  the 
M"ater,  the  disease  is  slight.^ 

The  possibility  of  the  transmission  of  the  poison  of  paroxysmal  fevers 
through  drinking  water  must  be  looked  upon  as  still  more  probable,  should 
the  views  of  Klebs  and  Tommasi-Crudeli  be  definitively  confirmed. 


Typhoid  Fever. 

The  belief  that  typhoid  fever  can  spread  by  means  of  water  as  well  as  air 
appears  to  be  quite  of  modern  origin,  though  some  epidemics,  such  as  the 
"  Schleim-fieber  "  of  Gottingen  in  1760,  were  attributed  in  part  to  the  use  of 
impure  water.  In  1822,  Walz,  at  Saarlouis,  in  1843,  Miiller,  at  Mayence,  and 
in  1848,  E.  A.  "W.  Eichter,  at  Vienna,  published  cases  illustrative  of  this.^ 
In  1852,  Dr.  Austin  Flint^  published  the  particulars  of  a  similar  outbreak  of 
typhoid  fever  at  the  hamlet  of  North  Boston  (Erie,  U.S.)  in  1843. 

In  1852-53,  a  severe  outbreak  of  typhoid  fever  took  place  at  Croydon,  and 
was  thoroughly  investigated  by  many  competent  observers  ;  and  it  was  shown 
by  Dr.  A.  Carpenter  that  it  was  partly,  at  any  rate,  spread  by  the  pollution 
of  the  drinking  water  from  the  contents  of  cesspools. 

In  1856,  Dr.  Eouth^  and  in  1859,  Dr.  W.  Budd^  published  very  conclusive 
cases.  The  latter  had  long  been  convinced  of  the  occasional  propagation  of 
typhoid  fever  in  this  way.  ° 

In  1860  an  outbreak  of  typhoid  fever  occurred  at  the  Convent  of  Sisters 
of  Charity  at  Munich.  31  persons  out  of  120  were  attacked  between  15th 
September  and  the  4th  of  October  with  severe  iUness,  and  14  of  these  cases 
were  true  typhoid ;  4  died.  The  cause  was  traced  to  wells  impregnated  with 
much  organic  matter  (and  among  other  things  typhoid  dejections),  and  con- 
taimng  nitrates  and  lime.  On  the  cessation  of  the  use  of  this  water,  the  fever 
ceased.'' 


fV,o  p  A.M.D.  Reports,  vol.  xviii.,  an  analysis  is  given  of  the  water  of 

theRalais  Tal  Lake  on  the  northern  side  of  the  Himalayan  range,  the  sample  havinf  Sen 
hrought  home  by  Lieut  -Col.  H.  Knight,  late  19th  Regiment  of  Foot.  In  this  water  the^saline 
Z  nth'  albuminoid  070  per  million.    Contrast  this  witrLoch  KatdSe 

wAnvp  .  f^'  '°  this  country,  where  the  respective  amounts  are  under  0-02  and  0-05  and 
^ve  have  a  difference  which  requires  explanation.    May  it  not  be  that  in  this  countrv  wf'i.o 
so  much  less  snow  as  a  feeder  of  our  mountain  lakes,  and  also  fewer  districts  fror^  w^h  J^ 
could  carry  up  organic  matter  ?— [F.  de  C]  "iatiicts  irom  wluch  winds 

2  AH  these  cases  are  related  by  Riecke  in  his  excellent  work,  I)&r  Krieas  tim/l  Vr-i.^ 
Ty^)hus.   Nordhausen,  1850,  pp.  44-58.  ^^negs  und  Friedens- 

/jj:j^'-''^\/^^P''''':\<>.'^  Continued  Fever.    By  Austin  Flint,  M.D.    Buffalo  1852  n  qsn 
'  Fmcal  Fermentation  as  a  Cause  of  Disease.    Pamphlet.    Lond  185fi  n  'U    '  ^ 
s  Lancet,  Oct.  29,  1859,  p.  432.  P' 
«  Edinburgh  Medical  Journal,  Jan.  1862,  p.  1153    See  also  aipH         tt  i. 
Typhus  in  Milnchen,  1865,  p.  58.  Ursachen  desEnt&r. 
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The  propagation  of  typhoid  fever  in  Bedford  would  certainly  appear,  from 
Mr.  Simon's  report,^  to  have  been  partly  through  the  medium  of  the  water. 
Dr.  Schmitt^  has  for  several  years  paid  particular  attention  to  this  point, 
and  in  18G1  published  several  very  striking  cases. 

A  case  bearing  on  the  same  point  was  brought  before  the  Metropolitan 
Officers  of  Health  in  1862,^  by  Mr.  Wilkinson  of  Sydenham.  In  this  case 
the  water  was  contaminated  by  absorption  of  sewer  gases. 

In  1862  a  very  sudden  and  severe  outbreak  of  typhoid  in  a  barrack  at 
Munich  was  traced  to  water  impregnated  with  fiecal  matter  ; — on  ceasing  to 
use  the  water,  the  disease  disappeared.*  In  1865  a  very  remarkable  outbreak 
of  typhoid  occurred  at  Ratho,  in  Scotland,  and  was  traced  to  drinking  water 
contaminated  with  sewage.^  In  1866  typhoid  fever  broke  out  in  a  girls' 
school  at  Bishopstoke,  near  Southampton,  and  was  traced  unequivocally  to 
the  bursting  of  a  sewer  pipe  into  the  well.  The  water  was  disagreeable  both 
to  smell  and  taste.  1 7  or  18  persons  were  affected  out  of  26  or  28.  Several 
very  striking  instances  are  recorded  in  Mr.  Simon's  Reports  by  Drs.  Seaton, 
Buchanan,  and  Thorue,^  and  in  some  of  these  cases  analyses  of  the  water  were 
made,  which  showed  it  to  be  impure,  and  to  contain  organic  sewage,  or  its 
derivatives.  A  very  good  case,  at  the  Garnkirk  works  in  Glasgow,  is  recorded 
by  Dr.  Perry.''  Dr.  De  Renzy,  the  Sanitary  Commissioner  of  the  Punjab, 
has  also  published  a  remarkable  paper  on  the  extinction  of  typhoid  fever 
in  Millbank  prison,  and  shows,  from  the  statistics  of  many  years,  that  the 
fever  has  entirely  disappeared  since  the  use  of  Thames  water  was  given  up  ; 
the  disappearance  was  coincident  with  the  change  in  the  water  supply.  Two 
excellent  cases  are  recorded  by  Dr.  Clifford  AUbutt^  and  one  by  Dr.  Wohl- 
rab,  which  are  free  from  ambiguity.^  A  very  good  case  is  recorded  by  Dr 
Latham.  Typhoid  was  introduced  into  a  village,  and  spread  by  the  agency 
of  contaminated  drinking  water. 

A  destructive  outbreak  took  place  at  Caterham  and  Redhill  during  1878. 
This  was  investigated  by  Dr.  Thorne  Thorne,  who  traced  it  to  contamination 
of  the  water-supply  by  the  stools  of  a  workman  suffering  from  mild  typhoid, 
who  was  employed  in  the  Company's  wells.  The  disease  was  condned  to 
those  who  consumed  the  water,  and  ceased  after  the  wells  were  pumped  out 


1  Third  Revort  of  the  Medical  Op^er  of  the  Privy  Council,  im.  , 

2  Journ  deMed.  de  Bruxelles,  Sept.  1861 ;  and  Constatt's  Jahresh.  for  1861,  band  iv.  pp. 
182  183.    See  the  2d  edition  of  this  work  for  a  short  account  of  them. 

British  MedicalJour7ial,Ua.vc:h.\,l^Q2.  t„        uttia  Wlr  is 

4  Gietl,  Die  Ursachen  des  Ent.  Typhus  in  MiMchen  1865,  p.  62.  ^^l  ^^^V  \.^S,t^ 
much  evidence  to  show  the  propagation  of  typhoid  by  foul  water  and  by  deficient  arrangements 
Srremoval  of  excreta,  as  well  as  many  instances  of  the  carrying  of  the  disease  from  place  to 

''n^TSy^:"^^':'^^^      r^oVmTamTto  the  house  ill  with  typhoid 

''T^^'t^oT^^ll^^'o^^^^  of  Medical  Officer  to  the  Privy ^  CounoU  f^ 

si-Is 

Guildtord  ana  wicken  ^""^      Cambrid^^e,  by  Dr.  Buchanan  (both  m  No.  u.  new  series)  ;  on 

occurring  at  Lausen.    Schmidt's  Jahrb.  1874,  No.  2,  p.  185.) 

s  grRlpo'ron  Hygiene,  Array  Med.  Dept.  Blv.  Book,  1860,  p.  23. 
9  Archiv.  der  Heilk.  vol.  xii.  p.  134  (1871). 

KiS^S^l-  reported  "tAftZ  t 
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and  cleansed.  The  inmates  of  the  Lunatic  Asylum  and  the  detachment  of 
troops  at  Caterham  barracks  used  the  water  from  the  asylum  well,  and  did 
not  sufifer.i 

That  water  may  be  the  medium  of  propagating  typhoid  thus  seems  to  be 
proved  by  sufficient  evidence ;  and  it  has  been  admitted  by  men  who  have 
paid  special  attention  to  this  subject,  as  Jenner,  W.  Budd,  and  Simon. 

Two  questions  arise  in  connection  with  this  subject — 

1.  As  typhoid  fever  undoubtedly  spreads  also  through  the  air,  What  is  the 
proportion  of  cases  disseminated  by  water,  as  compared  with  those  disseminated 
by  air?    No  answer  can  yet  be  given  to  this  question.^ 

There  is  one  point  of  some  interest.  When  the  dates  of  attack  are  given^ 
it  is  curious  to  observe  how  short  the  incubative  period  appears  to  be ;  while 
it  is  probable  that  it  takes  many  days  (8  to  14)  after  the  typhoid  poison  has 
entered  with  the  air  before  the  early  malaise  comes  on,  in  some  of  the  cases 
of  typhoid  brought  on  by  water,  two  or  three  days  only  elapse  before 
the  symptoms  are  marked.^ 

A  very  large  number  also  of  the  susceptible  persons  who  drink  the  water 
are  affected. 

2.  Will  decomposing  sewage  in  water  produce  typhoid  fever,  or  must  the 
evacuations  of  a  typhoid  patient  pass  in  1    This  is  part  of  the  larger  question 
of  the  origin  and  propagation  of  specific  poisons.    It  is  certainly  remarkable, 
in  the  ..range  of  cases  recorded  by  Schmitt,  how  uniformly  the  possibility  of 
the  passage  of  typhoid  stools  is  disregarded.    Everything  is  attributed  to  iaacal 
matters  merely.    A  case  recorded  by  Dr.  Downes,*  in  which  six  cases  of 
typhoid  resulted  from  the  overflow  of  non-typhoid  sewage  into  a  well,  supports 
this  view.    On  the  other  hand,  in  the  cases  recorded  by  Allbutt  and  Wohlrab, 
already  referred  to,  contaminated  water  had  been  used  for  some  time  without 
producing  typhoid  fever.    Persons  affected  with  typhoid  (enteric)  fever  then 
entermg  the  place,  their  discharges  passed  into  the  drinking  water  ^and 
then  an  outbreak  of  typhoid  followed.    An  extremely  strong  case  is  given 
by  Ballard.5    Very  polluted  water  had  been  used  for  years  by  the  inhabitants 
of  the  village  of  Nunney  without  causing  fever,  when  a  person  with  enteric 
fever  came  from  a  distance  to  the  village,  and  the  excreta  from  this  person 
were  washed  into  the  stream  supplying  the  vHlage.    Between  June  and 
Uctober  1872,  no  less  than  76  cases  occurred  out  of  a  population  of  832 
persons.    All  those  attacked  drank  the  stream  water  habitually  or  occasionally 
All  who  used  filtered  ram  or  well  water  escaped,  except  one  family  who  used 
the  water  of  a  well  only  4  or  5  yards  from  the  brook.    The  case  seems  quite 
clear-first  that  the  water  caused  the  disease ;  and  secondly,  that  though 
polluted  with  excrement  for  years,  no  enteric  fever  appeared  until  an  imported 
case  introduced  the  virus.    Positive  evidence  of  this  kind  seems  conclusive, 

I  ?r  -^X  P^-  '^^o™^  Thome  ;  also  A.M.D.  Reports,  vol  xx  v  222 

_  3  Dr.  W  Budd  says,  in  a  letter  to  the  late  Dr.  Parkes,— "  In  the  cases  in  wTiiVi, 
is  conveyedby  water,  infection  seems  to  be  much  more  certain  rand  I  have  realSo  t^^ 
the  period  of  incubation  is  materially  shortened.    An  illustrai^ion  of  thfs  seems  ?o  ll  S^ 
by  the  memorab  e  outbreak  which  occurred  at  Cowbridge  some  years  ago  and  will? 
nr  L""?-^"'P.'r^  «^  90  or  100  persons  who  welt^o  a  i^^Vn 

pnnc.pal  inn  there,  more  than  one-third  were  within  a  short  time  lafd  un  wi+Vff  ^'^"/^the 
me  tfiere  was  satisfactory  reason  to  think  that  the  water  was  c^ntaminater?Lf  f  Vi  ^^'^ 
no  chemical  examination."    In  the  attack  at  Guildford,  however  the  i^^inn'T.  f  "^^'  "^^^ 

Report  to  the  Local  Government  Board,  on  an  outbreak  of  enteric  fever  at  Nunney,  Sept. 
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and  we  may  now  safely  assume  tliat  the  pvesence  of  typhoid  evacuations  in 
the  water  is  necessary.  Common  fjBcal  matter  may  produce  diarrh(jea,  wliich 
may  perhaps  be  febrile/  but  for  the  production  of  enteric  fever  the  specific 
agent  must  be  present.  The  opinion  that  the  stools  of  typhoid  are  the  special 
carriers  of  the  poison  was  first  explicitly  stated  by  Canstatt,^  and  was  also 
ably  argued  by  W.  Budd. 

Cliolera. 

Few  of  the  earlier  investigators  of  cholera  appear  to  have  imagined  that  the 
specific  poison  might  find  entrance  by  the  means  of  drinking  water.  There 
is  an  intimation  of  the  kind  in  a  remark  by  Dr.  Muller;^  and  Jameson* 
alludes  to  the  effect  of  impure  water,  but  in  a  cursory  way. 

In  1849  the  late  Dr.  Snow,  in  investigating  some  circumscribed  outbreaks 
of  cholera  in  Horsleydown,  Wandsworth,  and  other  places,  came  to  the  con- 
clusion that,  in  these  instances,  the  disease  arose  from  cholera  evacuations 
finding  their  way  into  the  drinking  water.    Judging  from  the  light  of  sub- 
sequent experience,  it  now  seems  extremely  probable  that  this  was  the  case, 
and  to  Dr.  Snow  must  certainly  be  attributed  the  very  great  merit  of  discover- 
ing this  most  important  fact.    At  first,  certainly,  the  evidence  was  defective,^ 
but  gradually  fresh  instances  were  collected,  and  in  1854  occurred  the 
celebrated  instance  of  the  Broad  Street  pump  ia  London,  which  was  investi- 
gated by  a  committee,  whose  report,  drawn  up  by  Mr.  John  Marshall,  of 
University  College,  with  great  logical  power,  contains  the  most  convincing 
evidence  that,  in  that  instance,  at  any  rate,  the  poison  of  cholera  found  its 
way  into  the  body  through  drinking  water. « 

In  1855  Dr.  Snow  pubhshed  a  second  edition  of  his  book,  givmg  an 
account  of  all  the  cases  hitherto  known,  and  adding  some  evidence  also  as  to 
the  introduction  in  this  way  of  other  specific  poisons. ^ 

The  facts,  at  present,  may  be  briefly  summed  up  as  follow  : — 
1.  Local  outbreaks,  in  which  contamination  of  the  drinkmg  water  was 
either  proved  or  in  which  the  evidence  of  the  origin  and  succession  of  cases 
seemed  to  make  it  certain  that  the  cause  was  in  the  drinking  water.  In 
England,  Dr.  Snow  and  others  have  thus  recorded  cases  occurring  in  1849  and 
1854  at  Horsleydown,  Broad  Street,  Wandsworth,  West  Ham,  &c.    In  1865 

~i  A  good  instance  is  given  by  Mr.  R.  Bond-Moore  {Lo^idon  Medical  Record,  May  27,  1874, 
page  327)  as  occurring  at  Sedgely  Park  school.   Two  years  previously  the  water  supply^^^^^^^ 
Poftaminated  with  ordinary  sewage,  but  no  typhoid  fever  resulted,  although  there  was 
diSea  sickness,  great  languor,  and  great  prostration.    The  leaking  drain  was  repaired 
SSttack  c^^^^^^^^^^^    Two  years'after,  typhoid  was  introduced  by  one  of  the  boys,  and  spread 

^Pf-^^^taLsIhSSlt^^^^  des  Krankes,  ^^xcreinente^ 

typMsen  Aftergebilde  im  Darvie,  die  Trager  des  Contagiums."-Canstatt,  Spec.  Path,  urut 
t/ter.  2d  edit,  band  ii.  p.  572  (1847).  _  lo^a  ^ 

3  Einige  Bemerkungen  uber  die  Asiat.  Cholera.    Hanover,         p.  ^o- 

5  SSe?  aJ  o?ce  an  a  priori  argument  adverse  to  this  view  as,  at  that  time,  all 
PvifWe  wS  Snst  the  idea  of  cholem  Evacuations  being  capable  of  causing  the  disease. 

«n%Ti'«t— SiS.o7a^^^^  By  Jolm  W,  M.D,  London,  Chu„hUI, 
2d  edition,  1855. 


CHOLERA  PRODUCED  BY  IMPURE  WATER. 


51 


I  the  important  outbreak  at  Newcastle-on-Tyne,!  when  all  the  circumstances 
pointed  very  strongly  to  the  influence  of  the  impure  Tyne  water.    In  1865 
occurred  the  remarkable  and  undoubted  case  of  water  poisoning  at  Theydon 
Bois,  recorded  by  Mr.  Iladcliffe,2  ^nd  in  the  following  year  the  violent  outbreak 
in  the  East  of  London  was  supposed  to  be  connected  with  the  circulation  of 
'  impure  water  by  the  East  London  Water  Works  Company.    Much  discussion 
i  has  taken  place  as  to  the  real  influence  of  the  impure  water,  which  it  is  admitted 
on  aU  hands  was  used.    Mr.  Kadclifi"e3  and  Dr.  Farr*  collected  the  evi- 
dence in  favour  of  the  opinion  that  the  sudden  outburst  was  really  owing 
I  to  this  water ;  while  Dr.  Letheby  and  some  others  expressed  doubts  on  this 
i  point,  chiefly  on  account  of  the  difficulty  of  reconciling  with  the  hypothesis 
:  certain  exceptional  cases  both  of  immunity  and  of  attack.    The  evidence  in 
;  favour  of  the  water  being  the  cause  appears  extremely  strong,  and  far  greater 
I  difficulty  arises  if  that  view  is  not  received  than  is  caused  by  the  exceptional 
cases  referred  to,  and  of  which  we  may  not  know  all  the  particulars.    In  the 
same  year  (1866)  an  apparently  unequivocal  case  of  production  of  cholera  by 
the  drinking  of  water  of  a  tank  on  board  a  steamer  occurred  at  Southampton.  ^ 
A  very  striking  case  at  Utrecht  is  noticed  by  Snellen,  and  is  given  by  Dr. 
Ballot,  of  Eotterdam,  who  has  adduced  much  strong  evidence  on  the  influence 
of  the  foul  water  in  Holland  in  spreading  cholera. ^ 
I      During  the  epidemic  in  1866,  except  in  the  East  London  case,  no  such 
'  striking  instances  of  local  outbreak  from  water  contamination  were  recorded 
as  in  1849,  but  there  were  in  some  parts,  and  especially  in  Scotland,  as  noticed 
by  Dr.  Stevenson  Macadam,''  very  striking  coincidences  between  the  abate- 
ment of  the  disease  and  the  introduction  of  a  fresh  and  pure  supply. 

In  Germany  choleraic  water-poisoning  has  not  only  been  less  noticed,  but 
the  great  authority  of  Pettenkofer  is  against  its  occurrence.  At  Munich, 
Pettenkofer  ^  could  find  no  evidence  whatever  in  favour  of  the  spread  by 
water,  nor  does  he  consider  that  any  further  evidence  was  furnished  by  the 
epidemics  in  Germany  in  1873-4.^  Evea  Hirsch,  who  was  favourable  to  the 
water  theory,  expresses  himself  with  considerable  caution  and  Giinther,  in 
his  careful  work  on  Cholera  in  Saxony,  asserts  that  no  influence  whatever 
was  exerted  by  drinking  water.  No  evidence  could  be  obtained  either  in 
Baden  or  in  villages  near  Vienna. j^^^  as  in  all  cases  the  observers  were 
not  only  quite  competent,  but  were  fully  cognizant  of  the  opinions  held  in 
England,  this  negative  evidence  is  of  great  weight.  At  the  same  time,  it 
cannot  be  allowed  to  outweigh  the  English  cases,  and,  moreover,  even  in 
Germany  some  positive  evidence  has  been  given.    Dr.  Eichter^^  attributes 

1  For  full  particulars,  see  Dr.  Farr's  Report  on  Cholera  in  England,  1866,  p.  33. 

2  Report  of  the  Medical  Officer  to  the  Privy  Council  for  1865  (Eightli  Report),  p.  438. 

3  Report  of  the  Medical  Officer  to  the  Privy  Council  for  1866,  p.  266. 

*  Report  on  the  Cholera  Epidemic  of  1866  in  England.  Supplement  to  the  29th  Annual 
Report  of  the  Registrar-General,  1868. 

*  Report  of  Medical  Officer  to  Privy  Council  for  1866,  p.  244.  In  this  case  the  water  was 
foul  tasted,  and  was  certainly  contaminated  with  sewage. 

6  Medical  Times  and  Gazette,  May  1869.  Thus  it  was  found  tliat  those  who  drank  the 
water  of  the  Polders  (reclaimed  lands)  died  at  the  rate  of  177  per  1000  ;  those  who  drank  the 
well-water,  16*8  per  1000  ;  those  who  drank  river- water,  11-9  per  1000  ;  those  who  drank  rain- 
water filtered,  only  5-3  per  1000.  The  city  of  Amsterdam  itself,  supplied  by  an  aqueduct 
with  rain-water  from  the  downs  near  Haarlem,  had  only  4  per  1000.  In  Rotterdam,  during 
the  epidemic,  the  mortality  fell  to  one-half  immediately  on  piu-e  water  being  supplied  in  the 
streets.    (See  paper  by  J.  C.  Jager.) 

?  TroMsactions  of  the  Royal  Scottish  Society  of  Arts,  vol.  vii.  p.  341  (1867). 

9  Zeitsch.  far  Biol. ,  band  i.  p.  353. 

8  Ueber  Cholera  und  deren  Beziehung  zur  parasitaren  Lehre,  von  Max  von  Pettenkofer  1880. 

10  Bericht  der  Commission  des  Deutschen  lieiches,  heft  i.  saite  13.  ' 
"  Die  Indische  Cholera  in  Sachsen  im  Jahre  1865,  p.  125. 

'2  Volz  and  Witlacil,  quoted  by  Hirsch  in  Jahresh  der  gen.  Med.  for  1867  band  ii  n  291 
13  Archiv  der  Heilk,  1867,  p.  472.  '  '  ^' 


52 


WATER. 


a  preponderant  influence  in  a  local  outbreak  among  the  workmen  of  a  sugar- 
manufactory  to  the  pollution  of  the  drinking  water  by  sewage ;  and  a  still 
more  striking  case  is  recorded  by  Dr.  Dinger,^  in  which  the  discharges  of  a 
cholera  patient  passed  into  a  brook,  in  which  also  the  clothes  were  washed ; 
the  water  of  this  brook  being  used  for  drinking,  there  was  a  sudden  and  very 
fatal  outbreak  affecting  the  persons  who  took  the  water. 

In  India  the  evidence  for  cholera  water  poisoning  has  now  become  very 
strong.  The  great  cholera  outbreak  of  1860  and  1861  was  attributed  by  some 
medical  officers  to  the  defilement  of  the  tank  water  "  into  which  the  general 
ordure  of  the  natives  is  washed  during  the  rainy  season ; "  ^  and  still  more  re- 
cently, what  appears  to  be  a  striking  instance  has  occurred.  'No  one  can  read 
the  able  account  given  by  Dr  Cuningham  and  Dr.  Cutliffe^  of  the  appear- 
ance of  cholera  among  the  vast  crowd  of  pilgrims  after  the  great  bathing 
day  at  Hurdwar,  without  coming  to  the  conclusion  that  it  was  a  case  of  water 
poisoning  on  a  gigantic  scale.  Cholera  broke  out  again  at  Hurdwar  in  1879 
(the  pilgrimage  takes  place  every  twelve  years),  but  in  his  report  on  this 
epidemic  Dr.  J.  M.  Cuningham  endeavours  to  throw  doubts  upon  the  propa- 
gation by  means  of  water.  The  circumstances,  however,  were  very  similar 
in  the  two  cases.^  Drs.  T.  Lewis  and  Douglas  Cunningham  discredit  the 
influence  of  water  ;^  and  Dr.  D.  Cunningham  says,^ — "  One  point  seems 
worthy  of  remark,  and  that  is,  that  there  is  no  evidence  of  the  existence  of 
any  common  condition  affecting  local  sources  of  water  supply,  and  simul- 
taneously affecting  the  prevalence  of  cholera  and  bowel-complaints." 

That  in  India,  however,  the  cholera  poison  is  often  carried  by  water  appears 
probable,  not  only  from  the  Hurdwar  outbreaks,  but  from  the  very  sudden 
and  violent  outbreaks  and  the  great  sewage  contamination  in  the  water  of 
many  districts.'^ 

In  Central  India  Dr.  Townsend^  has  given  strong  reasons  for  believing 
that  the  cholera  of  1868-9  was,  to  a  large  extent,  dependent  on  water-fouling. 
Dr.  Macnamara^  has  given  some  good  evidence  on  the  same  side,  and  Dr. 
Cleghorn    has  noted  some  striking  proofs  of  the  same  fact.^^ 

Dr.  M.  C.  Farnell,  Sanitary  Commissioner  of  Madras,  points  out  the 
immunity  of  Madras  from  cholera  since  the  new  water  supply  was  obtained 
from  the  Red  Hills ;  the  same  immunity  extending  to  the  districts  using  the 
water,  whereas  other  places  which  do  not  use  it  still  suffer  from  the  disease. 
Guntur  always  suffered  from  cholera  up  to  1868,  since  which  time  it  has 
been  practically  free,  following  the  greater  care  for  the  water  supply  begun 
by  Dr.  Biggwither  and  carried  out  by  Dr.  Tyrrell.  12    A  remarkable  case  is 


1  Archiv  der  Heilk,  1867,  p.  84.       2  M'William,  Epidem  Society  Trans  vol  i  p  274 

3  Re.nort  of  the  Sanitary  Commissioner  with  the  Government  of  India  J  or  lSb7.  Calcutta,  l»0». 

4  Spp  section  vi  of  the  Sixteenth  Annual  Report  of  the  Sanitary  Commissioner  with  the 
Government  of  India,  1880.  ^  Cholera  in  Relation  to  Certain  Physical  Ph^.noviena. 

6  Medico-Topographical  Report  on  Calcutta.  ,    ^     .    ,  .    -^oon      j     i,  + 

7  Yide  Report  on  the  Sanitary  Administration  of  the  Punjavh  for  1867,  and  subsequent 
years  by  A  C  C.  De  Renzy,  Esq.    (Cases  of  Peshawur  and  Amritzur). 

%  Report  on  Cholera  in  the  Central  Provinces.  ,f       ,  «  tvt  ibto 

9  n,TA  .:ntir  Cholera  see  pp.  328,  et  seq.  Indian  Medical  Gazette,  March  18/2. 

n'see  ro  the  Jema^kS^^^^^^  of  the  ferrauda  gaol  reported  by  Surgeon-Major  H  Blanc. 
Out  of  1279  prisoners  there  were  24  cases  of  cholera  in  5  days,  with  8  deaths.  Of  those,  22  cases 
oc™l  Long^^^^^  prisoners  employed  as  a  road-gang,  and  only  2  among  all  the  others 
yarious  y  employed  It  was  shown  that  the  road-gang  a  one  drank  of  water  Irom  the  Mootla 
Xr  a  litUe  Slow  the  spot  where  the  clothes  of  two  cho  era  patients  from  the  yi llage  had 
Kiver,  a  uiiic  "'i^ov^  '^"'^  hnrnt  a  few  davs  before.    The  rest  of  the  prisoners  drank  the 

been  washed  ^^^^V  1      n,?  fmn  ^31  e  Sr  Poonali.    In  the  two  cases  among  those  otherwise 

£e  ;  ?hrotrerVmn  slept  near  one  of  the  first  cases,  the  patient  vomiting  m  his  immediate  vicm.ty. 
12  Indian  Medical  Gazette,  April  1882. 


CHOLERA.  PRODUCED  BY  IMPURE  WATER. 


53 


recorded  by  the  Eev.  J.  Delpech,  at  Vadakencoulam.i  Cholera  was  con- 
fined to  the  higher  castes,  Avho  drank  of  a  particular  well  exposed  to 
contamination.  Among  the  lower  castes  none  suffered,  except  one  woman 
who  washed  for  the  higher  caste  women.  The  lower  caste  people  drank 
from  other  wells,  which  were  less  exposed  to  pollution. 

So  also  in  other  countries;  in  the  attack  which  caused  such  losses  to 
the  French  Division  in  the  Dobrudscha  in  1855,  when  the  wells  were  sup- 
posed to  be  poisoned,  and  to  the  English  cavaby  at  Devna,^  the  water  was 
apparently  the  means  of  carrying  the  disease. 

In  evidence  of  this  kind,  we  must  remember  that  each  successive  instance 
adds  more  and  more  weight  to  the  instances  previously  observed,  until,  from  the 
mere  accumulation  of  cases,  the  cogency  of  the  argument  becomes  irresistible. 

2.  The  evidence  derived  from  such  local  outbreaks  is  supported  by  that 
drawn  from  the  history  of  more  general  attacks,  in  which  districts  supplied 
with  impure  water  by  a  water  company  have  suffered  greatly,  while  other 
districts  in  the  same  locality,  and  presenting  otherwise  the  same  conditions, 
were  supplied  with  pure  water,  and  suffered  very  little.  Thus  the  Eegistrar- 
General  has  shown  that  the  districts  supplied  in  1853,  part  by  the  Lambeth 
Company  with  a  pure  water,  and  part  by  the  Southwark  Company  with  an 
impure  water,  suffered  much  less  than  the  districts  supplied  by  the  latter 
company  alone  (the  proportion  was  61  and  94  cases  respectively  to  100,000 
of  population).  Schieflerdecker,  in  Konigsberg,  has  also  given  evidence  to 
show  the  different  extent  in  which  districts  in  the  same  city  supplied  with 
pure  and  impure  water  suffer.  ^ 

In  Berlin,  in  1866,  in  the  houses  supplied  with  good  water  the  number  of 
houses  in  which  cholera  occurred  was  36  "6  per  cent. ;  in  the  houses  with  bad 
water  was  52-3  per  cent.* 

3.  Additional  arguments  can  be  drawn  from  instances  in  which  towns 
which  could  not  have  had  water  contaminated  with  sewage  have  escaped,  and 
instances  in  which  towns  which  have  suffered  severely  in  one  epidemic  have 
escaped  a  later  one,  the  only  difference  being  that,  in  the  interval,  the  supply 
of  water  was  improved.  Exeter,  Hull,  Newcastle-on-Tyne,  Glasgow,  and 
Moscow  are  instances  of  this.  Two  very  good  cases  are  related  by  Dr.  Acland.^ 
The  parish  of  St.  Clement  was  supplied  in  1832  with  filthy  water  from  a 
sewer-receiving  stream.  In  1849  and  1854  the  water  was  from  a  purer  source. 
In  the  first  year,  the  cholera  mortality  was  great;  in  the  last  years,  in- 
significant. In  Copenhagen  a  fresh  water  supply  was  introduced  in  1859. 
Although  cholera  had  prevailed  very  severely  there  previously,  in  1865  and 
1866  there  were  only  a  few  cases.^  In  Haarlem,  in  Holland,  cholera  prevailed 
in  great  intensity  in  1849.  In  1866  it  returned,  and  again  prevailed  as 
severely  in  all  parts  of  the  town  except  one.  The  part  entirely  exempted 
in  the  second  epidemic  was  inhabited  by  bleachers,  who,  between  1849  and 
1866,  had  obtained  a  fresh  source  of  pure  water. 

In  looking  back,  with  this  new  reading  of  facts,  it  would  seem  that  some 
older  reported  cases  of  sudden  cessation  of  cholera  can  be  explained,  such  as 
the  case  of  Breslau,  in  1832,  when  the  shutting  up  of  a  pump  was  followed 
by  the  very  rapid  dechne  of  the  disease.  Doubtless,  however,  in  other  cases 
the  causes  of  the  cessation  are  different ;  heavy  rain,  by  cleansing  air  and 


1  Indian  Medical  Gazette,  Dec.  1,  1879.  2  MS.  essay  of  Dr.  Cattail. 

3  See  Report  on  Hygiene,  Army  Med.  Dept.  Report,  vol.  xii.  p.  241 . 
<  Die  Kanalisation  vo7i  Berlin,  1868,  p.  30. 

6  Cholera  in  Oxford  in  1854,  by  H.  W.  Aclancl,  M.D.,  p.  51. 
"  Honiemann  in  Virchow's  Archiv,  baud  53,  p.  156. 

7  Ballot,  British  Med.  JourTutl,  April  1869. 
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sewers,  and  by  stopping  the  evohition  of  effluvia,  will  sometimes  as  suddenly 
arrest  cholera.  Most  important  evidence  is  given  by  Professor  Forster  of 
Breslau.1  lie  shows  that  five  towns  of  Silesia  (of  5000  to  12,000  inhabitants) 
are  entirely  free  from  cholera,  which  never  spreads,  even  when  introduced. 
The  only  common  condition  is  a  water  supply  from  a  distance  which  cannot  be 
contaminated.  In  Glogau  (13,000)  half  the  water  is  from  a  distance  and  half 
from  wells  :  those  using  the  former  remain  free,  those  using  the  latter  are 
attacked.  In  one  case  in  Breslau,  on  a  well  becoming  contaminated,  eleven 
persons  were  immediately  attacked. ^  Dr.  A.  Fergus  ^  has  pointed  out  that  in 
Glasgow,  when  the  whole  city  was  supplied  from  the  river,  cholera  was 
universal  in  1848  ;  whilst  in  1854  it  was  chiefly  confined  to  the  north  side, 
which  still  drew  water  from  the  river,  the  south  side  with  a  pure  water  supply 
being  practically  free  from  it.  In  1866  the  whole  city  had  the  pure  Loch 
Katrine  supply,  and,  although  cases  of  cholera  were  imported,  it  got  no  hold 
on  the  city  whatever. 

So  also  other  curious  faots  in  the  history  of  cholera  become  explicable. 
The  prevalence  of  cholera  in  Russia,  with  an  outdoor  temperature  below  zero 
of  Fahr.,has  always  seemed  an  extraordinary  circumstance,  which  it  appeared 
only  possible  to  explain  by  supposing  that,  in  the  houses,  the  foul  air  and  the 
artificial  temperature  must  have  given  the  poison  its  necessary  conditions  of 
development.  But  Dr.  Routh  has  pointed  out*  that,  in  the  poorer  Russian 
houses,  every  thing  is  thrown  out  round  the  dweUings;  then,  owing  to  the  cold 
and  the  expense  of  bringing  drinking  water  from  a  distance,  the  inhabitants 
content  themselves  with  taking  the  snow  near  their  houses  and  melting  it.  It 
is  thus  easy  to  conceive  that,  if  cholera  evacuations  are  thus  thrown  out,  they 
may  be  again  taken  into  the  body.  This  is  all  the  more  likely,  as  cholera 
stools  have  little  smell  or  taste,  and,  when  mixed  even  m  large  quantity  with 
water,  cannot  be  detected  by  the  senses. 

We  may  therefore  conclude  that  the  cholera  evacuations,  either  at  once  or 
after  undergoing  some  special  fermentative  or  transformation  change,  pass  into 
drinking  water  or  float  about  in  the  atmosphere.  In  either  case  they  are 
received  into  the  mouth  and  swallowed,  and  produce  their  effects  directly  on 
the  mucous  membrane,  or  are  absorbed  into  the  blood.  The  relative  frequency 
of  each  occurrence,  the  incubative  period,  and  the  severity  of  the  disease  pro- 
duced, are  points  still  uncertain.  ,  .     ,      ^i.       ^     •  4. 

C.  Macnamara  states  &  that  the  dangerous  period  is  when  the  water  into 
which  cholera  stools  are  passed  is  swarming  with  vibriones  and  that  when 
ciliated  infusoria  appear  danger  is  over.    He  speaks  strongly  on  this  point, 

and  from  actual  experience.  ,  .  ,  .        ^        -  •  •  +t,„ 

In  addition  to  the  production  of  cholera  from  drinking  water  containing  the 
cholera  stools,  it  has  been  supposed  that  the  use  of  impure  water  of  any  kind 
vredi^oses  to  cholera,  though  it  cannot  absolutely  produce  the  disease.  The 
Scts^ready  quoted  on  the  influence  of  the  Lambeth  water  seem  to  support 
this  view  ;  but  some  German  evidence  in  1866  does  not  favour  it,6fc^ 
later  evidence  seems  to  do  so.^  If  the  water  acts  in  this  way  it  "^ay  bejoy 
causing  a  constan^_tendencytojiarrh^^  mto  the  ahmentary 

Rej)ort  on  the  Cholera  in  America  m  18/3,  for  cases  of  water  carnage. 
3  British  Medical  Journal  im,  vol.  u.  p.  66<i.         ^  cholera,  p.  330. 

*  Faical  Fermentation,  \y.  24.  ,    .j  325. 

6  See  Report  on  Hygiene,  ^^^V.  Report  of  the  Cholera 

1  Pistor  of  Oppeln,  Cholera  Epwlemic  of  18/3-4  ,  see  btu  pan  01  lue     //  j 

Commissioners  of  the  German  Empire. 
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canal  orcranic  matter  which  may  be  thrown  into  special  chemical  changes  by 
a  small  quantity  of  cholera  poison,  which  has  been  introduced  with  air  or  food 
and  swallowed,  or  by  lowering  the  resistance  of  the  body,  and  rendering  it 
more  favoui-able  as  a  nidus  for  the  poison. 

Yellow  Fever. 

As,  like  dysentery,  typhoid  fever,  and  cholera,  the  alimentary  mucous  mem- 
brane is  primarily  affected  in  yellow  fever,  there  is  an  a  priori  probability  tkit 
the  cause  is  swallowed  also  in  this  case,  and  that  it  may  possibly  enter  with 
the  drinking  water.    But  no  good  evidence  has  been  yet  brought  forward. 

Boudin  i  quotes  a  case  from  Rochard  in  which  a  French  frigate  (in  1778) 
took  in  water  at  San  Jago,  where  yellow  fever  prevailed.  Some  days  after- 
wards yellow  fever  broke  out  with  such  violence,  that  two-thirds  of  the  crew 
were  attacked.  "  And  the  proof  that  the  only  cause  was  the  water,"  says 
Eochard,  "  was  that  the  persons  living  with  the  captain  had  with  them  jars 
filled  with  water  from  Europe,  and  all  escaped."  Boudin  very  properly 
observes,  that  this  evidence  is  very  defective ;  but  yet  we  must  remember 
how  completely  the  propagation  of  marsh  and  typhoid  fevers,  and  of  cholera 
by  water,  has  been  overlooked,  and  how  exactly  this  sudden  and  extensive 
attack  resembles  the  case  of  the  Argo. 

The  Barrack  Commissioners  have  also  directed  attention  to  the  fact  of  the 
great  impurity  of  the  water  at  Gibraltar  at  the  time  of  the  yellow  fever 
epidemic ;  a  difficulty  which  still  remains  to  be  dealt  with  in  the  event  of 
the  introduction  of  any  epidemic  disease. 

The  other  Zymotic  Diseases. 

Of  the  other  zymotic  diseases  the  only  ones  likely  to  be  propagated  by 
means  of  water  are  scarlet  fever  and  diphtheria.  The  evidence  for  such 
propagation  was  formerly  very  slight^  but  since  attention  has  been  drawn  to 
the  subject  numerous  cases  have  occurred  which  have  been  attributed  to 
water  poisoning, — working  either  directly  through  water  drunk  as  such,  or 
by  its  being  mixed  with  milk.  There  seems  no  prima  facie  reason  against 
such  a  channel  of  infection  in  the  case  of  scarlet  fever,  particularly  as  epithe- 
lium scales  are  so  often  found  in  contaminated  water.  As  regards  diphtheria, 
the  question  is  a  little  more  complicated,  for  the  direct  communication 
through  the  use  of  the  same  drinking  vessel  might  simulate  water  carriage, 
as  pointed  out  by  Dr.  A.  Downes.^  Some  important  evidence  has,  however, 
been  collected  by  Dr.  B.  Browning  ^  and  others.  It  would  also  appear  that 
ordinary  throat  ulcer  (if  this  be  really  different  from  diphtheria)  may  be  pro- 
pagated in  this  way.  It  has  been  suggested  that  erysipelas  is  sometimes  due 
to  contaminated  water,  but  of  this,  however,  there  is  as  yet  no  conclusive 
evidence. 

4.  DISEASES  OF  THE  SKIN,  AND  SUBCUTANEOUS  TISSUES. 

A  curious  endemic  of  boils  occurred  in  the  vicinity  of  Frankfort  in  1848. 
It  was  confined  to  a  small  number  of  persons,  and  presented  favourable 
opportunities  for  investigation.  An  elaborate  inquiry  was  made  by  Dr. 
Clemens,*  which  certainly  seems  to  indicate  that  the  complaint  was  caused 
by  drinking  water  containing  hydrogen  sulphide  gas,  which  was  set  free 

1  TraiU  de  Oeog.  et  de  Stat.  Med.  1858,  t.  i.  p.  141. 

2  Sanitary  Record,  1879-  80,  vol.  xL  p.  51. 
'  Sanitary  Record^  vol.  xi.  p.  13. 

*  Henle's  Zeitschrift  fiir  Nat.  Med.  1849,  vol.  viii.  p,  215. 
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in  some  large  chemical  works,  and  was  washed  down  by  the  rains  into  the 
brooks  from  which  drinking  water  was  derived.  The  case  is  most  elaborately 
and  logically  argued,  but  it  certainly  seems  remarkable  that  other  instances  of 
the  same  kind  should  not  have  been  observed,  especially  as  in  some  trades 
there  is  disengagement  of  large  quantities  of  SHg  into  the  atmosphere,  and  as 
the  drinking  of  sulphuretted  springs  is  so  common. 

The  peculiar  forms  of  boil  or  ulcer  common  in  many  cities  in  the  East  have 
been  in  some  cases  referred  to  the  water.  The  Aleppo  evil,  the  Damascus 
nicer,  and  some  other  diseases  of  an  analogous  kind,  which  have  the  peculiarity 
of  occurring  only  once  in  life,  are  possibly  more  connected  with  the  true  con- 
tagions ;  but  the  unhealthy  boils  or  ulcers  so  common  in  India,  especially  in 
the  north-west  and  along  the  frontier,  are  probably  connected  with  bad  water. 
The  so-called  Delhi  boil  has  much  decreased  in  frequency  since  the  waters  of 
the  Jumna  were  used  instead  of  the  Impure  well-water,^  but,  on  the  other 
hand,  Fleming's  observations  have  thrown  doubt  on  the  fact  of  the  water  being 
to  blame.  The  later  observations  of  Drs.  D.  Cunninham  and  T.  Lewis  have 
tended,  on  the  other  hand,  to  weaken  those  of  Fleming,  and  to  show  that 
the  water  is  probably  to  blame.  With  regard  to  the  frontier  ulcers  in  India, 
Dr.  Alcock,  A.M.D.,  has  given  some  curious  evidence,  which  seems  to  con- 
nect them  with  vegetable  detritus  and  the  evolution  of  hydrogen  sulphide._ 

The  elephantiasis  of  the  Arabs  (the  so-called  Barbadoes  leg  or  Pachydermia) 
has  been  ascribed  to  organic  impurities  in  water,  which  may  be  true,  if  the 
disease,  as  is  now  suggested,  be  due  to  a  Bacillus  which  might  be  conveyed  in 
water. 


5.  DISEASES  OF  THE  BONES. 


Water,  impregnated  with  sulphurous  acid,  gives  rise  in  cattle  to  a  number 
of  serious  symptoms,  among  others  to  diseases  of  the  bones.  The  sulphur 
dioxide  evolved  from  the  copper  works  at  Swansea  has  caused  numerous  astions 
on  account  of  the  loss  of  herbage  and  cattle.  KossignoP  states  that  water 
highly  charged  with  calcium  carbonate  and  sulphate  was  found  to  give  rise  to 
exostoses  in  horses ;  pure  water  being  given,  the  bones  ceased  to  be  diseased. 


6.  CALCULI. 


It  has  long  been  a  popular  opinion  that  drinking  lime  waters  gives  rise 
to  calculi  (calcium  phosphate  and  oxalate).  Several  medical  enters  have 
held  the  same  opinion,  and  have  adduced  individual  instances  of  calculi 
(phosphatic^)  being  apparently  caused  by  hard  waters,  and  cured  by  the  nse 
^f  soft  or  distiUed  water.  On  a  large  scale,  statistical  evidence  is  apparen  ly 
wanting.  The  excess  of  cases  of  calculi  in  Norwich  and  Norfoll^  gene- 
raUv  is  not  in  Dr.  Richardson's  opinion,  attributable  to  the  water.^  Dr. 
J  MSray,^of  Newcastle,  has  given  some  evidence  ^  to  show  a  connection 
between  the  lime  waters  and  calculi,  especially  phosphatic,  but  it  does  not 
aonear  to  be  more  convincing  than  that  previously  adduced. 
^  At  Canton  stone  is  common,  while  at  Amoy,  Shanghai,  Ningpo,  and  other 
nlates  it  1;  not  met  with.  The  cause  of  the  difference  is  not  known,  but  it  is 
S  caickim  carb'leinthe^^ 

ciitta,  1868.  _     locT  0K7 

2  Traite  d' Ilygiine  Militaire,  1857,  p.  n^^^/f^  1Sfi4  u  100 

3  Med.  History  of  England  ;  Medical  Tirms  and  0(mtte,  18b4,  p.  iw. 

4  British  MedicalJournal,^Q^iQT^i:r  1^1 1. 

5  Dr.  Waug,  in  Chinese  Custoim  Report  for  187U,  p.  n. 


GOITKE  IN  CONNECTION  WITH  WATER. 


57 


Professor  Gamgee,  however,  states  that  sheep  are  particularly  affected  by 
calculus  in  the  limestone  districts. 


7.  GOITEE. 

The  opinion  that  impure  drinking  water  is  the  cause  of  goitre  is  as  old  as 
Hippocrates  and  Aristotle,  and  has  been  held  by  the  majority  of  physicians. 
The  opinion  may  be  said  actually  to  have  been  put  to  the  test  of  the  experiment, 
since  both  in  France  and  Italy  the  drinking  ol  certain  waters  has  beer  resorted 
to,  and  apparently  with  success,  for  the  purpose  of  producing  goitre,  and 
thereby  gaining  exemption  from  military  conscription. ^  And  this  is  supported 
by  the  evidence  of  Bally,  Coindet,  and  by  many  of  the  French  army  surgeons, 
who  have  seen  goitre  produced  even  in  a  few  days  (8  or  10)  by  the  use  of 
certain  waters. ^  While,  conversely,  Johnston  saw  goitre,  which  was  common 
in  a  jail,  disappear  when  a  pure  water  was  used.^  Apart  from  this,  the  evi- 
dence for  the  causation  by  water  is  extremely  strong,  many  cases  being 
recorded  where,  in  the  same  village,  and  under  the  same  conditions  of  locality 
and  social  life,  those  who  drank  a  particular  water  suffered,  while  those  who 
did  not  do  so  escaped.*  The  latest  author  who  has  written  on  this  subject, 
and  who  has  accumulated  an  immense  amount  of  evidence,  M.  Saint-Lager, 
expresses  himself  very  confidently  on  the  point. 

The  impurity  in  the  water  which  causes  goitre  is  not  yet  precisely  known. 
It  is  certainly  not  owing  to  the  want  of  iodine,  as  stated  by  Chatin,  and  there 
is  Httle  probability  of  its  being  caused  by  organic  matters,  by  fluorine,  or  by 
silica.  On  the  other  hand,  the  coincidence  of  goitre  with  sedimentous  water 
is  very  frequent.  Since  the  elaborate  geological  inquiries  of  M.  Grange^ 
and  the  analyses  of  the  waters  of  the  Isere,  magnesian  salts  in  some  form  ha^  e 
often  been  considered  to  be  the  cause,  to  which  many  add  lime  salts  also ;  and 
certainly  the  evidence  that  the  waters  of  goitrous  places  is  derived  from  lime- 
stone and  dolomitic  rocks,  or  from  serpentine  in  the  granitic  and  metamorphic 
regions,  is  very  strong.  The  investigations  now  include  the  Alps,  Pyrenees, 
Dauphin^,  some  parts  of  Russia,  Brazil,  and  districts  in  Oude  in  North- West 
India.    A  table  compiled  from  Dr.  M'Clellan's  work**  is  very  striking  : — 


Goitre  and  Cretinism  in  Kumaon  {Oude.) 


Percentage  of  Population  affected. 

Water  derived  from 

With  Goitre. 

With  Cretinism. 

0-2 

0 

Mica,  slate,  and  hornblende, 

0 

0 

0-54 

0 

Green  sandstone,  

0 

0 

33 

3-0 

1  Among, other  evidence  on  this  point,  the  work  of  M.  Saint-Lager  {Sur  les  causes  du  Cretinisme 
et  du  Goitre  endemique,  Paris,  1867)  may  be  cited  (p.  191,  et  seq.),  as  he  appears  to  have 
carefully  looked  into  the  evidence.  See  also  Baillarger  (Comjytes  Mendus  de  I' Acad.,  t.  Iv.  p. 
475),  who  .states,  though  this  has  been  denied  by  Rey,  that  horses  and  mules  become  afl'ected 
from  drinking  the  water  of  the  Ishro. 

2  Encyclojjcedia  of  Practical  Medicine,  vol.  i.  art.  Bronchocele,  p.  326. 

3  Edin.  Monthly  Journal,  May  18.5.^). 

*  Saint-Lager  {op.  cit.)  cites  several  strong  cases  (p.  192  et  seq.) 
'  Ann.  de  Chimie  et  de  Phys.,  vol.  x.xiv.  p.  364. 

^  Medical  Topography  of  Bengal.  The  facts  on  cretinism  are  also  included,  without 
desiring  to  express  any  opinion  on  the  relation  between  goitre  and  cretinism. 
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WATER. 


There  are,  however,  not  wanting  analyses  of  water  of  goitrous  regions 
which  show  that  magnesia  may  be  absent  (in  Eheims,  according  to  Maumene ; 
in  Auvergne,  according  to  Eertrand ;  in  Lombardy,  according  to  Demortain  ; 
and  Saint-Lager  enumerates  other  cases),  while  it  has  been  also  denied  that 
there  need  be  any  excess  of  lime.    M.  Saint-Lager,  basing  his  opinion  partly 
on  these  negative  instances,  partly  on  his  own  experiments  with  the  soap- 
test,  which  show  no  relation  between  hardness  of  water  and  goitre,  and  partly 
on  the  negative  results  of  experiments  on  animals  with  calcium  sulphate 
and  magnesian  salts,  denies  altogether  the  connection  between  goitre  and 
calcium  and  magnesium  sulphates  and  carbonates.    He  states  also  that  M, 
Grange  has  now  himself  given  up  the  belief  of  magnesia  being  the  essential 
agent  of  goitre,^  and  argues  that  the  constituent  of  the  water  which  is  the 
actual  cause  is  either  iron  pyrites  (ferrum  sulphide),  or  more  infrequently 
copper  or  some  other  metaUic  sulphide.    And  he  explains  M'Clellan's  results 
by  the  supposition,  based  on  an  expression  of  that  writer,  that  in  the  limestone 
districts  of  Kumaon  the  water  had  traversed  the  metalliferous  strata  of  the 
rocks.    Saint-Lager  does  not  support  his  opinion  by  actual  chemical  analyses, 
but  he  brings  forward  geological  evidence  on  a  large  scale,  to  prove  that  the 
endemic  appearance  of  goitre  coincides  with  the  metalliferous  districts.  He 
has  also  made  experiments  on  animals  with  iron  salts,  which  do  not  appear 
conclusive,  although  he  believes  he  produced  in  some  cases  an  effect  on  the 
thyroid.    His  hypothesis  seems  to  fail  from  his  want  of  chemical  analyses. 
He  has  made  out  a  case  for  inquiry  rather  than  for  conclusion. 

In  some  observations  made  by  Dr.  Ferguson  on  the  goitrous  part  of  the 
Baree  Doab  district  2  (a  boulder-gravel  subsoil),  the  water  is  said  to  be 
largely  charged  with  lime.  In  the  jail  at  Durham,  Johnston  ^  states  that 
when  the  water  contained  77  grains  per  gallon  (chiefly  of  lime  and  magnesian 
salts),  all  the  prisoners  had  swellings  of  the  neck;  these  disappeared  when  a 
purer  water,  containing  18  grains  in  the  gallon,  was  obtained. ^ 

Goitre  may  be  rapidly  produced.  Bally  noticed  that  certain  waters  m 
Switzerland  would  cause  it  even  in  eight  or  ten  days,  and  cases  almost  as 
rapid  have  occurred  in  other  places.^ 

Dr.  J.  B.  Wilson  (late  A.M.D.)  carried  out  some  inquiries  at  Bhagsoo, 
Dhurmsala,  where  goitre  prevails  extensively.  He  analysed  specimens  of  the 
drinking  water  within  a  radius  of  ten  miles,  and  found  them  exceptionaUy 
pure,  only  three  showing  traces  of  lime,  and  none  giving  any  evidence  of 

magnesia  or  iron.^  i      •  1,4. 

It  seems,  therefore,  that  the  question  is  still  undecided,  and  it  is  mucH  to 
be  desired  that  more  extended  inquiry  should  be  made,  with  careful  analyses, 
such  as  have  been  made  by  Dr.  Wilson,-as  well  as  records  of  local  and  other 
conditions,  which  probably  contribute  more  or  less  to  the  production  of  the 

8.  BNTOZOA,  OR  OTHER  ANIMALS. 

Whereas  the  ToMia  solium  and  the  Tmia  mediocanellata,  and  many 
entozoa,  find  their  way  into  the  body  with  the  food/  the  two  forms  of  the 

Appeudi.  4,  p.  35. 

£'jr„t£i;^^f  ttTop  "SSe  goitre  to  hardne.  of  water   Generally  it  .pi«.rs 
""IVifySSeSareSrfS  in  the  French  military  medical  journal,  E^lde  M*..  * 

edit.  vol.  ii.  p.  1009,  4.1  +  „„++ia  miv  wt  taenia  ova  from  the  water  ;  so 

7  Dr.  Oliver's  observations  in  India  show  that  cattle  may  get  """^ 
that  men  may  do  the  same.    (See  Aitken's  Med.,  /th  ed.  vol.  1.  p.  20/.) 
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Bothnocephalus  latus  (T.  lata)  may  pass  in  with  the  drinking  water.i  Both 
embryo  and  eggs  (but  principally,  or  perhaps  entirely,  the  former)  exist  in  the 
river  water.  The  ciliated  embryo  moves  for  several  days  very  actively  in 
water;  it  may  after  a  time  lose  its  ciUary  covering,  and  then,  not  being 
able  to  move  further,  perishes  ;  or  it  may  find  its  way  into  the  body  of  some 
animal,  and  there  develop  into  the  Bothriocephalus  latus. 

It  is  most  common  in  the  interior  of  Eussia,  Sweden,  in  part  of  Poland, 
and  in  Switzerland. 

Distoma  hepaticum  {Fasciola  hepatica).— The  eggs  are  developed  in  water, 
and  the  embryos  swim  about  and  live,  so  that  introduction  in  this  way  for 
sheep  is  probable,  and  for  men  is  possible. 

The  Ascaris  lumhricoides  (Round- worm)  appears  also  sometimes  to  enter 
the  body  by  the  drinking  water.  At  Moulmein,  in  Burmah,  during  the  wet 
season,  and  especially  at  the  commencement,  both  natives  and  Europeans, 
both  sexes  and  all  ages,  were,  forty  years  ago,  so  affected  by  lumbrici  that  it 
was  almost  an  epidemic. ^  The  only  circumstance  common  to  all  classes 
was  that  the  drinking  water,  drawn  chiefly  from  shallow  wells,  was  greatly 
contaminated  by  the  substances  washed  in  by  the  floods  of  the  excessive 
monsoon  which  prevails  there.  Dr.  Paterson  ^  has  also  noticed  similar  facts 
in  England. 

Leuckart  *  has  no  doubt  of  the  passage  of  the  ascarides'  eggs  into  drink- 
ing water ;  and,  indeed,  they  have  been  actually  seen  in  the  water  by 
Hosier. 5  But  it  seems  yet  doubtful  (as  all  experiments  have  failed  in  pro- 
ducing from  the  drinking  water  the  worms  in  animals)  whether  the  eggs  alone 
will  suffice,  and  it  seems  possible  that  they  must  pass  through  some  other 
host  before  developing  in  the  human  intestine.  This  is  also  the  opinion  of 
Cobbold.  Hosier  attributed  in  his  case  much  influence  to  the  large  amount 
of  vegetable  food  taken  by  the  persons  afi"ected. 

The  Boclimius  diLodenalis  {Strongylus  duodenalis,  Andiylostomum  seu 
Sderostoma  duodenale)  would  appear  from  Leuckart's  statement^  to  be 
introduced  by  impure  water. 

Oxyuris  vermicidans,  very  common  in  children,  but  occasionally  also  found 
in  adults,  is  probably  sometimes  taken  through  water.^ 

Filaria  Dracuncidus  (Guinea-worm). — The  introduction  by  water  of 
Filaria  has  long  been  a  favourite  opinion.  It  has  been  a  matter  of  debate 
whether  it  is  taken  into  the  stomach  as  drink,  and  thence  finds  its  way  (like 
Trichina,  to  the  muscles)  into  the  subcutaneous  cellular  tissue,  or  whether 
it  penetrates  the  skin  during  bathing  or  wading  in  streams.  The  latter 
opinion  seems  to  be  the  more  probable  in  the  majority  of  cases. ^ 

1  See  especially  a  paper  by  Dr.  Enoch  in  the  Peterhurger  Med.  Zeiisch.  for  1861.  An  ab- 
stract is  given  in  the  Lancet,  Jan.  25,  1862  ;  and  the  paper  in  full  is  printed  in  Virchow's 
Archiv,  band  xxiv.  453.  Cobbold,  however,  doubts  the  direct  entrance  in  this  way,  and  thinks 
it  more  probable  that  fish  form  the  host  for  the  ova,  which  after  development  in  the  fish,  may 
find  their  way  into  the  bodies  of  men  who  eat  the  fish. 

2  The  native  treatment  is  the  powder  of  &  fungus  (Wah-mo),  derived  from  the  female  bam- 
boo.   It  is  most  useful.    See  paper  by  Dr..  Parkes  in  the  London  Journal  of  Medicine,  1849. 

^  Aitken's  Practice  of  Medicine,  7th  ed.  i.  p.  157. 
*  Die  Menschlichen  Parasiten,  band  ii.  p.  220. 

6  Virchow's  Archiv,  band  xviii.  p.  249.  6  jhid.,  band  ii.  p.  465. 

7  The  importance  of  the  discovery  of  Griesmger  {Archiv  fur  Phys.  Heilk,  1854,  p.  555) 
that  the  so-called  widely  spread  Egyptian  chlorosis  is  caused  by  Dochmius  duodenalis,  has 
hardly  been  sufficiently  appreciated.  Not  only  anaemia  and  liver  diseases,  but  symptoms  re- 
ferred to  dysentery  and  hajmorrhoids,  are  often  also  produced.  And  as  similar  facts  have 
now  been  observed  in  Brazil,  Arabia,  and  Madagascar,  it  seems  impossible  but  that  in  India 
tue  tormiaabie  aflections  caused  by  Dochmius  should  not  be  common 

8  Aitken,  vol.  i.  p.  183. 

mt/m^rf"  vif'w  ifiQ^r'^  excellent  chapter  on  this  disease,  in  his  Practice  of  Medi- 
cine, 7th  ed.  vol.  i.  p.  169  et  seg.,  lor  a  discussion  on  the  water  and  earth  question 
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WATEE. 


Boiling  the  water  "before  drinking  appears  to  have  a  preservative 
effect.  1 

Filaria  sanguinis  liominis  (Lewis)  appears  to  find  its  way  into  the  blood  of 
man  through  water  in  a  curious  way.  "  Dr.  Manson  has  found  that  the  mos- 
quito is  an  active  agent  in  the  propagation  of  the  Filaria.  The  embryos  are 
taken  into  the  mosquito's  stomach  with  the  blood  of  persons  infected  by  the 
hasmatozoon,  the  further  development  of  which  shortly  begins  in  the  stomach  of 
the  mosquito.  Thence  they  are  transferred  to  the  water,  whence  it  is  assumed 
that  it  again  finds  entrance  into  the  body  of  man."  ^ 

Bilharzia  hoiinatobia. — From  the  observations  of  Griesinger,  John  Harley,^ 
and  Cobbold,  there  seems  no  doubt  that  the  embryos  of  this  entozoon  live  in 
water,  and  the  animal  may  be  thus  introduced  probably  by  the  medium  of 
some  other  animal.  Dr.  Eatho  doubts,  however,  this  introduction  by  water, 
since  the  entozoon  occurred  in  persons  using  rain-water  and  pure  mountain 
stream  water.  ^ 

Leeches. — Reference  has  already  been  made  to  the  swallowing  of  small 
leeches,  which  fix  on  the  pharynx,  and  in  the  posterior  nares.  Cleghorn  ^ 
noticed  that  coughs,  nausea,  and  spitting  of  blood  were  thus  caused.  In  a 
march  of  the  Trench  near  Oran,  in  Algiers,  more  than  400  men  were  at  one 
time  in  hospital  from  this  cause.  In  some  cases  the  repeated  bleedings  from 
the  larynx  have  simulated  haemoptysis  and  phthisis,  and  have  produced  anaemia. 
A  leech,  once  fixed,  seldom  falls  off"  spontaneously.  In  India  no  accidents  of 
this  kind  are  on  record,  yet  we  must  assume  that  they  occasionally  occur. 


9.  LEAD,  MERCURY,  ARSENIC,  COPPER,  AND  ZINC  POISONING. 

It  is  only  necessary  to  mention  the  fact  of  metals  passing  into  the  drinking 
water,  either  by  trade  refuse  being  poured  into  streams,  or  by  the  water  dis- 
solving the  metal  as  it  flows  through  pipes  or  over  metallic  surfaces. 

In  1864  a  factory  at  Basle  discharged  water  containing  arsenic  into  a  pond, 
from  which  the  ground  and  adjacent  wells  were  contaminated,  and  severe 
illness  in  the  persons  who  drank  the  well-water  was  produced.^ 

General  Conclusions. 

1.  An  endemic  of  diarrhoea,  in  a  community/,  is  almost  always  owing  either 
to  impure  air,  impure  water,  or  bad  food.  If  it  aff"ects  a  number  of  persons 
suddenly,  it  is  probably  owing  to  one  of  the  two  last  causes,  and  if  it  extends 
over  many  families,  almost  certainly  to  water.  But  as  the  cause  of  impurity 
may  be  transient,  it  is  not  easy  to  find  experimental  proof. 

2  Diarrhffia  or  dysentery,  constantly  aff-ecting  a  community,  or  returning 
periodically  at  certain  times  of  the  year,  is  far  more  likely  to  be  produced  by 
bad  water  than  by  any  other  cause.  •  •,  x 

3  A  very  sudden  and  localised  outbreak  of  either  typhoid  fever  or 
cholera,  is  almost  certainly  owing  to  introduction  of  the  poison  by  water 

4  The  same  fact  holds  good  in  cases  of  malarious  fever  and  especially  it 
the  cases  are  very  grave,  a  possible  introduction  by  water  shoidd  be  carefully 

inquired  into.  .  -  io 

5.  The  introduction  of  the  ova  of  certain  entozoa  by  means  of  water  is 

proved  in  some  cases — is  probable  in  others.  

1  Greenhow,  in  Indian  Annals,  1856,  p.  557. 

2  Aitken,  op.  cit.  i.  185. 

:  ^^ifUfX^^^Sf^^    '""yi&eSLfMi^rca.  1768,  p.  3S. 
6  Both  and  Lex,  MiliL  Gesundshcitpfi. ,  p.  41. 
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6.  Although  it  is  not  at  present  possible  to  assign  to  every  impurity  in  water 
its  exact  share  in  the  production  of  disease,  or  to  prove  the  precise  influence 
on  the  pubHc  health  of  water  which  is  not  extremely  impure,  it  appears 
certain  that  the  health  of  a  community  always  improves  when  an  abundant 
and  pure  water  supply  is  given;  and,  apart  from  this  actual  evidence,  we  are 
entitled  to  conclude,  from  other  considerations,  that  abundant  and  good  water 
is  a  primary  sanitary  necessity. 


SECTION  V. 

EXAMINATION  OF  WATER  FOR  HYGIENIC  PURPOSES. 

The  analysis  of  water  for  hygienic  purposes  has  for  its  object  to  ascertain 
whether  the  water  contains  any  substances  either  suspended  or  dissolved  which 
are  likely  to  be  hurtfuL  There  are  some  substances  which  we  know  are  not 
likely  to  do  any  harm,  such  as  carbonate  of  sodium,  calcium,  and  magnesium 
in  small  quantities.  Others  are  at  once  viewed  with  suspicion  as  indicating 
an  animal  origin,  and  therefore  being  probably  derived  from  habitations 
or  resorts  of  men  or  animals,  or  from  decaying  bodies.  In  other  cases  sub- 
stances in  themselves  harmless,  such  as  nitrates,  nitrites,  and  ammonia,  are 
suspicious  from  implying  the  co-existence  of,  or  the  previous  contamination  of 
the  water  by  nitrogenous  substances.  The  difficulties  in  the  hygienic  examina- 
tion of  water  are  not  inconsiderable.  A  judgment  must  be  generally  come 
to  from  a  collation  of  all  the  evidence,  rather  than  from  the  results  of  one  or 
two  tests. 

Collection. 

Great  care  must  be  taken  that  a  fair  sample  of  the  water  is  collected  in  per- 
fectly clean  glass  vessels  (not  in  earthenware  jars) — Winchester  quarts,  which 
hold  about  half  a  gallon,  and  can  be  obtained  of  most  chemists,  are  most  con- 
venient they  should  be  repeatedly  washed  out  with  some  of  the  water  to 
be  examined.  In  taking  water  from  a  stream  or  lake,  the  bottle  ought  to  be 
plunged  below  the  surface  before  it  is  filled.  In  drawing  from  a  pipe,  a  portion 
ought  to  be  allowed  to  run  away  first,  to  get  rid  of  any  impurity  in  the  pipe. 
In  judging  of  a  town  supply,  samples  should  be  obtained  direct  from  the 
mams,  as  well  as  from  the  houses.  The  bottle  should  be  stoppered ;  a  cork 
should  be  avoided,  except  in  great  emergency,  but  if  used  it  should  be  quite 
new,  well  tied  down,  and  sealed,  i  No  luting  of  any  kind  (such  as  linseed 
meal  and  the  like)  should  be  used. 

For  a  complete  sanitary  investigation  half  a  gallon  is  necessary,  but  with 
a  litre  or  a  couple  of  pints  a  pretty  good  examination  can  be  made  if  more 
cannot  be  obtained.  If  a  detailed  mineral  analysis  is  required  (which  will 
only  be  seldom)  a  gallon  ought  to  be  provided.  It  is  always  advisable  to 
have  a  good  supply  in  case  of  breakage  or  accident.  The  W.  0.  Circulars 
direct  two  Winchester  quarts  of  each  sample  to  be  sent.2  The  examination 
ought  to  be  undertaken  immediately  after  collection,  if  possible.  If  this  cannot 
be  done,  then  as  short  a  time  as  may  be  should  be  allowed  to  elapse  —for 
changes  in  the  most  important  constituents  take  place  with  great  rapiditv  ^ 
Pending  examination,  it  ought  to  be  kept  in  a  dark  cool  place. 

1  W.  0  Circulars,  clause  82,  June  1876  ;  clause  12,  Jau.  1877  :  and  clause  81  Anril  lS7s' 
direct  water  to  be  sent  in  stoppered  glass-bottles.  '  ^P^" 

pure^s^''^^''"'^  recommends  from  one  Winchester  quart  of  the  worst  waters  to  three  of  the 

»  For  some  interesting  experiments  on  this  point,  see  Heliner,  in  the  Analyst,  vol.  iii.  p.  177. 
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The  fullest  information  ought  always  to  be  furnished  with  the  sample,  the 
following  being  the  most  important  particulars  : — 

1.  Source  of  the  water,  viz.,  from  tanks  or  cisterns,  main  or  house  pipe, 

spring,  river,  stream,  lake,  or  well. 

2.  Position  of  source,  strata  so  far  as  they  are  known. 

3.  If  a  well ;  depth,  diameter,  strata  through  which  sunk,  whether  imper- 

viously steined  in  the  upper  part,  and  how  far  down.  Total  depth 
of  well  and  depth  of  water  to  be  both  given.  If  the  well  be  open, 
furnished  with  cover,  or  with  a  pump  attached. 

4.  Possibility  of  impurities  reaching  the  water  :  distance  of  well  from 

cesspools,  drains,  middens,  manure  heaps,  stables,  &c.;  if  drains  or 
sewers  discharge  into  streams  or  lakes  ;  proximity  of  cultivated  land. 

5.  If  a  surface-water    or  rain-water,  nature  of   collecting  surface  and 

conditions  of  storage. 

6.  Meteorological  conditions,  with  reference  to  recent  drought  or  excessive 

rainfall. 

7.  A  statement  of  the  existence  of  any  disease  supposed  to  be  connected  with 

the  water  supply,  or  any  other  special  reason  for  requiring  analysis. 
Any  further  information  that  can  be  obtained  will  always  be  useful  Each 
bottle  should  also  be  distinctly  labelled,  so  as  to  correspond  with  the  official 
letter  or  invoice. 

When  it  is  possible,  it  is  most  desirable  that  the  medical  officer  or  analyst 
should  visit  the  locality  itself  whence  the  water  is  obtained ;  in  this  way  he 
may  obtain  information  which  might  otherwise  escape  him.  If  the  analysis 
can  be  made  immediately  on  the  spot,  it  wiU  be  aU  the  more  valuable. 

Sub-Section  I. 

Physical  Examination  of  Water. 

The  following  points  are  to  be  noted  : — 

1.  Colour.  4.  Lustre. 

2.  Clearness.  5.  Taste. 

3.  Sediment.  6.  Smell. 

1    Colour.— may  be  judged  of  by  allowing   any  sediment  to 
cpHIp  and  then  pouring  off  the  supernatant  water  into  a  tali  glass,  placed 
upon  a  pi  ce  of'  whitS  paper.    Or  a  horizontal  tube  of  colourless  glass 
S  <^lass    ends   may  be  used.     The  stratum  should  be  of  sufficient 
rhickness  if  possible  two  or  three  feet,  but  a  fair  idea  of  the  colour  may  be 
oSned  'J^^^h  18  inches  or  even  a  foot.    The  ^^^^^'l  f  ^t^^^"""^'"' 
Recommends  24  inches.   If  a  tube  be  used,  it  may  either  be  half  full,  and  the 
SntTmpared  with  the  colour  of  the  air  in  the  upper  half  when  fi^ected 
a.ainst7well  illuminated  white  surface ;  or,  better  stiU,  it  may  be  failed,  and 
tS  romnrrison  made  with  a  second  tube  placed  alongside,  fiUea  with  pure 
dtiird'water     Perfectly  pure  water  has  a  bluish  tint,  but  most  ordinary 
waters  haTe  S^^^  a  greyish,  greenish,  yellow  or  brown  appearance    The  best 
Tr^pTes  are  ?hose  cofoured  bluish  or  greyish.    Green  waters  owe  tb-r  colou^ 
to  vegetable  matter  chiefly  unicellular  algce,  and  are  usually  harmless   1  ellow 
to  vegetaDie  matier,         ^  ,  ^  , ,  .      j      j  ^ften  due  to  animal 

or  brown  waters  are  most  to  be  tearea,  as  tneir  cuiulu  ,,„„^foW,^ 
o^canirmatter  chiefly  sewage.  It  is  sometimes,  however,  owing  to  vegetable 
matter  Teh  as  peat%nd  under  those  circumstances  it  is  not  generally  hur^ 
M  "ay  also  be'  caused  by  salts  of  iron,  although  in  most  cases  the  iron  is 
precipitated  as  ferric  oxide  in  the  sediment. 
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2.  Clearness. — The  presence  or  absence  of  turbidity  may  be  judged  of  in 
the  same  way  as  the  colour,  only  the  water  should  be  shaken  up,  so  as  to 
distribute  the  suspended  matter  and  simulate  its  condition  when  drawn. 
The  depth  necessary  to  obscure  printed  matter  may  be  used  as  a  measure. 
Occasionally  water  remains  hazy  or  turbid,  even  after  standing  for  some 
time ;  in  such  a  case  the  suspended  matter  is  in  very  fine  division,  such  as  is 
sometimes  found  with  sulphate  of  calcium,  minute  scales  of  mica,  &c. 

3.  Sediment. — The  nature  of  the  sediment  may  be  roughly  judged  of  by 
the  eye,  as  to  whether  it  is  mineral  or  vegetable,  or  stained  with  iron  or  the 
like.  The  larger  living  forms,  such  as  Anguillulce,  water-fleas,  leeches,  (fee. 
may  also  be  detected.  But  the  only  satisfactory  examination  is  to  be  made 
with  the  miscroscope. 

4.  Lustre. — The  lustre  or  brilliancy  (eclat)  has  been  recommended  as  a 
good  physical  indication  of  the  amount  of  aeration  (G^rardin).  The  different 
degrees  may  be  aoted  in  any  convenient  way,  such  as  nil,  dull,  vitreous  or 
adamantine,  which  is  an  ascending  scale  from  zero  to  the  maximum  bright- 
ness. 

5.  Taste. — Taste  is  an  uncertain  indication.  Any  badly  tasting  water  should 
be  rejected  or  purified  before  use.  Suspended  animal  organic  matters  often  give 
a  peculiar  taste,  so  also  vegetable  matters  in  stagnant  waters.  Some  growing 
plants,  as  lemnia  andpistia,  give  a  bitter  taste  ;  but  most  growing  plants  have 
no  taste.  Perfectly  dissolved  animal  matter  is  frequently  quite  tasteless.  As 
regards  dissolved  mineral  matters,  taste  is  of  little  use,  and  differs  much  in 
different  persons.    On  an  average — ^ 

Sodium  chloride  is  tasted  when  it  reaches  75  grains  per  gallon 

Potassium     ,,  „  20 

Magnesium    „  „  „  50  to  55 

Calcium  sulphate,  „  „  25  to  30 


„     carbonate,  „  „  10  to  12 

„     nitrate,  „  „  15  to  20 

Sodium  carbonate,  „  „  60  to  65 

Iron,  „  „  „  -2 


55  55 

5»  }5 

55  J> 

55  J> 

55  ?> 

55  39 

JJ  55 


Iron  is  thus  the  only  substance  which  can  be  tasted  in  very  small  quantities. 
A  permanently  hard  water  has  sometimes  a  peculiar  fade,  or  slightly  saline 
taste,  if  the  total  salts  amount  to  35  or  40  grains  per  gallon,  and  the  calcium 
sulphate  amounts  to  6  or  8  grains.  The  taste  of  good  drinking  water  is  due 
entirely  to  the  gases  dissolved ;  water  nearly  free  from  carbonic  acid  hardness, 
such  as  distilled  water,  is  not  so  pleasant  as  the  brisk  well  carbonated  waters ; 
it  may  be  called  fiat,  but  it  is  difficult  to  define  the  kind  of  taste  or  absence 
of  it.  2 

6.  Smell— The  water  may  be  warmed,  or  distilled,  when  the  odour  of 
fiBcal  matter  is  often  brought  out  clearly  both  in  the  distillate  and  residue 
If  the  water  is  put  in  a  stoppered  bottle,  which  it  half  fiUs,  and  is  exposed 
to  light,  and  then  opened  and  smelt  after  a  few  days,  commencing  putre- 
faction, or  the  formation  of  butyric  acid,  or  something  similar,  can  sometimes 
be  detected.  Tiemann  recommends  that  the  water  should  be  heated  to  110° 
or  120°  Fahr. ;  if  hydrogen  sulphide  be  present,  add  a  little  copper  sulphate 
which  precipitates  it,  and  permits  any  putrid  smell  to  be  perceived.  ' 

^  Dr.  F.  de  Chaumont,  Army  Medical  Report  for  1862  (vol.  iv.  p.  355  ) 
Argiiing  from  the  apparent  preference  many  persons  have  for* water  f  nntoini^n.  v 
matter,  Wanklyn  has  suggested  the  addition  of  sodium  clJondl  t^S  Zviw 
extent  of  50  grains  per  gallon.  v.iuuuuc  to  finnkmg  water,  to  the 
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The  Society  of  Public  Analysts ^  recommends  heating  the  water  in  a  wide- 
mouthed  stoppered  bottle  to  100°  F.  (38°  C).  This  may  be  done  by 
immersing  it  in  water.  Any  particular  smell  should  be  recorded,  if  distinctly 
recognised, — with  its  degree  of  intensity,  such  aanil,  very  slight,  sligld,  marked, 
&c.  as  the  case  may  be.  Sometimes  an  offensive  smell  is  detected  on  boiling, 
which  is  not  otherwise  perceived. ^ 

Although  the  physical  characters  give  only  an  imperfect  idea  of  the  value 
of  a  water,  they  are  yet  important  when  no  further  examination  can  be  made. 
If  a  water  be  colourless,  clear,  f lee  from  suspended  matter,  of  a  brilliant  (or 
adamantine)  lustre,  devoid  of  smell  or  taste,  except  such  as  is  recognised  to 
be  the  characteristic  of  good  potable  water,  we  shall  in  the  large  majority  of 
cases  be  justified  in  pronouncing  it  a  good  and  wholesome  water ;  ^  whilst, 
according  as  it  deviates  from  these  characters,  we  shall  be  proportionately 
justified^in  regarding  it  with  suspicion.  Suspended  matter  is  probably  the 
most  dangerous,  but  it  may  well  be  that  minute  particles,  the  "  resting  spores" 
of  disease^causing  organisms,  may  exist  without  revealing  themselves  by  any 
visible  turbidity  (or  even  to  a  cursory  miscroscopic  examination) ;  nor  must 
we  shut  our  eyes  to  the  possibility  of  hurtful  dissolved  substances,  so  that 
when  our  opinion  of  a  water  is  based  only  on  its  physical  characters  the  fact 
ought  to  be  duly  recorded. 


Sub-Section  II. 


Examination  of  Suspended  Matters. 

The  suspended  matters  may  be  either  mineral  (sand,  clay,  chalk,  fine  films 
of  mica,  iron  peroxide),  or  dead  animal  or  vegetable  matters,  or  livmg  creatures 
(plants  and  animals). 

To  determine  the  Nature  of  the  Suspended  Matters. 
Pour  some  of  the  water  into  a  long  glass  as  already  described,  and  observe 
its  appearance.  Suspended  sand  or  clay  gives  a  yellow,  or  yellow-white 
turbidity ;  vegetable  humus  and  peat  give  a  darkish,  sewage  g^es  a  light 
brown  colour  :  but  the  colour  or  turbidity  alone  is  a  very  insufficient  test 
Then  boil  the  water,  and  pour  it  back  into  the  long  glass.  Sand,  chalk,  and 
heavy  panicles  of  the  kind  will  be  deposited ;  finely  suspended  sewage  and 
vegetable  matter  is  little  aflected,  unless  it  be  a  chalk-water,  when  the  deposit 
of°calcium  carbonate  may  carry  down  the  suspended  matter.  When  the 
water  is  commencing  to  boil,  smell  it  to  see  if  there  is  any  trace  of  sewage. 

Microscopic  Examination. ^ 

The  examination  with  the  microscope  can,  however  alone  give  accurate  in- 
formation of  the  nature  of  the  suspended  matters.  Very  high  powers  1000 
or  mo  diameters)  are  necessary  for  a  complete  examination,  though  lower 
nnwprs  will  "ive  much  information.  i.  i    ^  i 

^  K  the  matter  is  entirely  suspended,  a  drop  of  the  water  must  be  taken  at 

once ;  burwhen  itc^^ 

to  rules  published  in  the  A'>mlyst,  JnXy  and  August  1881. 

2  See  t)upr6  Analyst,  im,  P-  j(>5  i^^tion  reference  may  be  made  to  Professor 

3  For  a  good  resume  of  tins  part  ot  the  exam^^^^  by 

frMSS  Srtki/  of  Hospitals  and  Fleets,  Professor 

of  Naval  Hygiene,  Army  Medical  School. 
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tory.  To  get  a  sediment,  the  water  should  be  placed  in  a  conical  glass  (the 
space  of  which  ought  to  be  rounded,  not  pointed,  at  the  bottom),  carefully 
covered  and  allowed  to  stand  for  a  few  hours  ;  and  the  upper  part  of  the 
water  is  then  poured  away  or  siphoned  oflf.  In  special  cases,  where  it  is 
important  to  know  the  exact  condition  of  the  suspended  matters,  before  they 
undergo  change  by  the  action  of  the  atmosphere  of  the  room  or  laboratory 
where  they  may  be  kept,  they  should  be  collected  in  vacuum  tubes  and 
sealed.  A  very  small  amount  of  sediment  can  be  thus  got  at.  An  immense 
number  of  dead  and  living  things  are  often  found  in  water,  which  it  would 
be  impossible  to  enumerate,  but  which  may  be  conveniently  considered  under 
two  great  and  several  minor  divisions.  The  best  kind  of  pipette  for  taking 
up  the  sediment  for  transfer  to  the  glass  slide  is  a  plain  straight  tube,  without 
bulb  and  without  any  narrowing  to  a  point  at  either  end ; — the  diameter 
may  be  from      to  I-  of  an  inch  (1|  to  3  millimetres). 


1.  Inanimate  Substances. 


(a)  Mineral  particles  may  be  easily  known ;  sand  appears  as  large  angular 
particles,  often  showing  distinct  conchoidal  fracture  ;  clay  and  marl  as  round 
smooth  globules  unaffected  by  acids ;  carbonate  of  calcium  (chalk)  sometimes 
smooth,  but  often  crystalline,  soluble  in  acids  with  effervescence.  Iron 
peroxide  appears  in  reddish  brown  masses  of  an  amorphous  character ;  it  is 
easily  dissolved  in  acid,  and  strikes  a  deep  blue  with  the  ferrocyanide  of 
potassium  (yellow  prussiate). 

(&)  Vegetable  matters:  portions  of  wood,  leaves,  bits  of  the  veins, 
parenchyma  or  ducts  are  easily  recognised.  When  vegetable  tissue  is  more 
decomposed  nothing  is  seen  but  a  dark,  opaque,  structureless  mass.  Any 
dark  formless  mass  of  this  kind  in  water  is  almost  certainly  decayed  vegetable 
matter.  Bits  of  textile  fabrics  (cottan,  linen)  are  not  uncommon,  and  are 
important  as  indicating  that  the  water  is  contaminated  with  house  refuse. 
So  also  the  cells  of  the  potato,  or  spiral  thi'eads  of  cabbage  and  other 
vegetables  used  by  men,  are  of  value  as  indications  of  the  same  kind. 
Carbonaceous  masses  also  occur,  either  portions  of  soot  from  coal  smoke,  or 
bits  of  charred  wood.  Sometimes  fragments  of  paper  are  met  with,  probably 
washed  into  the  water  from  drains  or  cesspools. 

(c)  Animal  matters,  consisting  of  bits  of  wool,  hair,  and  remains  of  animals 
of  all  kinds,  such  as  wings  and  legs  of  insects,  spiders  and  their  webs,  portions 
of  the  skin  of  water  animals,  or  of  fish,  &c,,  are  not  uncommon,  Sewage 
matters  having  a  darkish  brown  or  reddish  colour,  and  often  in  globular 
masses,  and  thus  distinguishable  from  the  flatter  and  more  spread-out  veget- 
able matter,  are  sometimes  seen.  In  the  London  water,  as  supplied  thirty 
years  ago,  HassaU  recognised  these  little  "  ochreous "  masses,  and  found 
that  nitric  acid  brought  out  a  pink  tint.  He  thought  them  to  be  portions  of 
muscular  fibre,  tinged  with  bile.  Epithelium  (from  the  skin  of  men)i  and 
hairs  of  animals  are  not  unfrequent.  The  identification  of  these  matters  is  of 
moment,  as  indicating  the  particular  source  of  the  contamination.  Anything 
which  can  be  unequivocally  traced  to  the  habitations  of  men  must  always 
cause  the  water  to  be  regarded  with  suspicion,  as,  if  one  substance  from  a 
house  can  find  its  way  in,  others  may  do  so  too. 


1  Epithelium  from  the  skin  breaks  down  slowly  in  water;  soakage  for  manv  months  dofc, 
not  destroy  it.  Epithelinm  from  the  mouths  of  cattle  is  sometimes  found  fi  was  the  case 
in  some  water  exammed  at  Netley,  got  from  a  catch-pit  in  Parkhurst  Forest. 
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2.  Living  Organisms} 

These  are  often  found  in  the  sediment,  but  sometimes  also  float  in  the 
water  above  the  sediment.  They  are  almost  innumerable,  and  as  irnmature 
forms  and  various  stages  of  development  are  seen,  it  is  often  difficult  or 
impossible  to  name  all  of  them. 

{(1)  Bacteria,  vibriones,  or  microzymes. — Under  these  terms  are  meant  the 
small  points  or  jointed  rods,  sometimes  moving  rapidly,  sometimes  slowly  or 
motionless.    Distinctions  are  made  between  these  three  by  some,  while  by 
others  the  three  terms  are  used  as  synonyms.2   High  powers  (and  preferably 
with  immersion  lenses)  are  required  to  see  them  properly.    When  they  appear 
in  water  it  is  necessary,  as  Lex^  has  shown,  that  besides  oxygen  three  con- 
ditions must  be  present— (1)  an  organic  carbonaceous  substance;  (2)  a 
nitrogenous  substance,  which  need  not  be  organic— a  nitrate,  for  example, 
will  well  nourish  bacteria,  and  is  reduced  to  nitrite  by  their  growth  ;^  (3)  a 
phosphate,  which,  however,  may  be  in  exceedingly  small  quantity.  The 
bacteria  may  either  originally  exist  in  the  water,  or  be  introduced.  Burdon- 
Sanderson's  experiments,  however,  are  not  favourable  to  the  introduction  of 
bacteria  from  the  air,  though  large  numbers  of  cells  which  seem  to  belong 
to  the  same  class  can  be  obtained  from  the  air.    It  appears  from  Burdon- 
Sanderson's  observations  that  the  germs  (if  the  term  be  allowed)  of  bacteria 
mav  exist  in  water  and  be  indetectable  by  the  highest  miscroscopic  powers, 
or  even  by  Tvndall's  test  of  the  electric  beam.    To  detect  these  the  test  by 
cultivation,  or  what  may  be  called  the  microzyme  test  for  water,  can  be 
employed.    Take  a  little  recently  prepared  clear  Pasteur's  fluid  ^  boil  it  and 
pnt  one  or  twoC.C.  into  a  test-tube  previously  strongly  heated  to  3ob 
(180°  C  )  drop  in  three  or  four  drops  of  the  water,  and  close  the  mouth  ot 
the  tube  with  cotton  wool.    If  microzymes  or  their  germs  exist  in  the  water, 
in  a  few  davs  the  liquid  becomes  milky  from  countless  bacteridia. 

As  however,  even  distilled  water  and  the  purest  ice-water  may  contain 
bacteridia,  the  test  cannot  be  used  as  a  positive  indication  of  good  or  bad 
water  except  in  connection  with  others,  and  with  due  regard  to  tempera- 
toe  wS  lias  a  great  effect.  All  it  will  show  is,  that  the  greater  or  less 
rapidity  of  appearance  of  opalescence  will  prove  that  microzymes  are  more  or 

^''If  detent  there  seems  no  reason  to  think  that  common  (putrefactive) 
baderia  and  vibriones  are  in  themselves  hurtful,  but  they  indicate  the  existence 
of  putrerctive  organic  matter,  which  is  a  danger.  But  there  may  be,  and 
probX  arejforms  of  bacteria  which  are  more  dangerous,  and  which  may 
hereafter  be  distinctly  differentiated  by  careful  c^lti^ajj^j;; 

Both  svirillum  and  bacillus  can  also  be  often  detected  m  water  in 
adSn  to  r^icrTzymes  the  water  will  always  contain  various  alhed  jpro^o^oa, 
1"  us"  ^nonads  or  .oogla^a,  and  which  seem  to  have  the  same 
signii  usance  as  bacteridia.^  ^  _  

•  Centralbratt,  fir  dii  Med.  ffiss.,  No.  20, 187A  f-.f">-  , 

4  Eventually  the  nitrite  disapmars,  "■''SorTrv'taluS^^    ;  5  gramme,  ot  ammonium 
t,S?"f  oriMr^ViJ%^nro^.  I^^^-^ouU,  .e  lult.  dear. 

SoiMicTdUloa,  or  Palmella,  for  example    {op.  ciL,  p.  U). 
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(e)  Fungi. — In  any  water  which  contains  nitrogenous  matter  (of  animal 
nature,  at  any  rate),  sugar,  and  a  little  phosphate, /^m.^/*  will  soon  appear,  and 
the  spores,  no  doubt,  enter  from  the  atmosphere.  Spores,  spore-cases,  and 
delicate  mycelium  can  be  seen,  and  often  bacteridia  co-exist.  If  fungi  are 
found  in  water  they  indicate  impurity,  and  such  water  should  not  be  used  if 
it  can  be  avoided,  or  should  be  purified,  i  Boiling  does  not  kill  the  fungi, 
according  to  Heisch ;  charcoal  filtration  does  so,  according  to  the  same  observer, 
though  later  experience  has  shown  that  this  is  not  always  the  case.  Animal 
charcoal  adds  some  phosphate  to  the  water,  and  in  this  way  aids  the  growth 
of  fungi.  Spongy  iron  gives  off  no  phosphate,  and  water  filtered  through  it 
is  quite  freed  irom  fungi. 

Heisch 2  states  that  sewage  matter  in  water  gives  rise,  when  sugar  is  added 
to  the  water,  to  a  peculiar  fungus,  which  he  describes  as  formed  of  very  small, 
perfectly  spherical  transparent  cells  arranged  in  grape-like  bundles ;  they  grow 
rapidly  into  mycelia,  and  are  attended  with  the  special  character  of  producing 
the  odour  of  butyric  acid.    The  mycelium  soon  disappears. 

Dr.  Frankland  doubts  whether  fungi,  which  are  readily  produced  by  adding 
sugar  to  sewage  water,  are  distinctive  of  sewage,  as  apparently  similar  cells  are 
caused  by  other  animal  matters. 

The  identification  of  the  spores  of  fungi,  and  even  of  the  mycelium  as  seen 
in  water,  is  so  extremely  difficult  that  it  would  be  at  present  rash  to  affirm 
that  any  fungoid  elements  are  distinctive  of  faecal  matter.  The  butyric  acid 
smell  also  is  given  off  by  so  many  impure  waters  that  it  could  hardly  be  used 
as  a  test  for  faeces. 

(/)  Algce,  diatoms  and  desmids  are  found  in  almost  all  running  streams^ 
and  are  also  seen  in  many  well  waters.  They  cannot  be  held  to  indicate  any 
great  impurity ;  and  to  condemn  water  on  account  of  their  presence  would  be 
really  to  condemn  all  waters,  even  rain,  in  which  minute  algoid  vesicles 
(jprotococci)  are  often  found. 

The  forms  of  the  various  confervce  in  water  are  very  numerous;  some  being 
coloured  green,  whilst  at  other  times  they  are  quite  colourless,  round,  isolated, 
or  clustered  vesicles.  The  immature  forms  may  not  be  easy  of  identification. 
The  diatoms  are  always  readily  recognised  and  identified.  It  may  be  stated 
generally  that  organisms  of  a  grass-green  colour,  such  as  the  green  algce,  need 
not  be  objected  to ;  but  the  bluish  green,  such  as  the  Oscillatonans,  Nostoc, 
&c.,  are  less  desirable ;  not  that  they  are  probably  directly  injurious,  but  as 
indicating  an  impm-e  water,  and  as  being  apt  to  give  rise  to  an  unpleasant 
("  pig-pen  ")  odour.  Leptothrix  ochroia,  which  was  at  one  time  thought  to 
be  connected  with  a  special  disease  poison,  is  really  harmless,  and  is  mostly 
found  in  waters  containing  a  good  deal  of  iron  peroxide  ;  such  waters  are 
usually  singularly  free  from  noxious  organic  matter. 

iff)  Rhizopoda,  especially  amoebce  and  similar  forms,  may  often  be  detected 
with  high  powers.  They  appear  to  indicate,  like  bacteridia,  the  existence  of 
putrefying  substances,  but  this  is  not  yet  certain.  They  are  not  found  in 
first-class  waters. 

(/?)  Eaglence  (of  different  species,  such  as  E.  virtdis,  E.  pyrum,  &c.)  are 
found  in  many  waters,  especially  of  ponds  and  tanks.  ^    Ciliated,  free,  and 

cases  of  malarious  fever  at  Tilbury  Fort  (Army  Med.  Reports,  vol.  xvii.)  fuueoid 
structures  were  found  m  the  water  whose  use  was  coincident  with  the  fever  but  were  absent 
from  the  water,  following  on  whose  use  the  fever  ceased.  '  ® 

^  Citemical  News,  June  1870. 
o  Ji  Tu      appears  reason  to  believe  that  all  or  most  of  the  flagellate  animalcules  are  vpcrptnhla 
£h "^^^^^^      I'^'^^^^ly  withthe  reprorMorof  Mgh^f^^^^^^^^ 
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rapidly  moving  mjusovia,  belonging  to  several  kinds  of  common  protozoa,  such 
as  Icolpoda,  pammecium,  coleps,  stentor,  herona,  stylonychia,  oxytricUa  &c 
are  also  found.  The  abundance  of  these  bodies  indicates,  of  course,  that  the 
water  contains  food  for  them,  and  this  must  be  either  vegetable  or  animal 
organic  matter,  but  the  mere  presence  of  these  infusoria  will  not  show  which 
It  is.  Hassall  noticed,  however,  in  1850,  that  the  Thames  water  below 
-Brentford,  where  it  was  mixed  with  sewage,  swarmed  with  paramecia,  while 
at  Kew,  where  the  water  was  freer  from  sewage  matters,  they  had  almost 
disappeared.  Subsequent  observations  have  not,  however,  proved  the  relation 
between  _para?necm  and  animal  matter  in  the  water  to  be  sufficiently  constant 
to  allow  the  former  to  be  used  as  a  test  of  the  latter.  Fixed  or  slow  moving 
infusoria,  as  the  vorticellce,  are  also  often  seen  in  river  waters. 

In  many  waters  the  living  objects  in  the  above  five  classes  comprise  all 
that  are  likely  to  be  seen,  but  in  the  other  cases  there  are  animals  of  a  larger 
kind. 

(^■)  Hydrozoa,  especially  the  fresh  wq^qv  polyps,  are  common  in  most  still 
waters,  and  do  not  indicate  any  thing  hurtful. 

Qc)  Worms,  or  their  eggs  and  embryos,  belonging  to  the  class  Scoledda, 
may  occur  in  water,  and  are  of  great  importance.  The  eggs  and  joints  of  the 
tapeworm,  the  embryos  of  Bothriocephali,  the  eggs  of  the  round  and  thread 
worms,  and  perhaps  the  worms  themselves,  the  Guinea- worm,  and  other  kinds 
of  Filaria;  the  eggs  of  Dochmius  duodenalis,  and  other  distomata,  and  the 
embryos  of  Bilharzia,  have  all  been  recognised  in  water,  though  it  has  not 
yet  been  shown  that  in  all  cases  they  can  be  thus  introduced  into  the  human 
body.  That  Filaria  sanguinis  hominis  may  be  taken  in  drinking  water  is 
most  probable,  seeing  that  its  host,  the  mosquito,  is  developed  in  water,  the 
larvse  of  the  latter  being  found  in  great  quantity  in  tanks  and  cisterns.  Worms 
themselves  cannot  well  be  overlooked,  but  both  eggs  and  the  free-moving 
embryos  are  sometimes  difficult  of  identification.  The  greatest  care  should 
be  used  in  examining  water  to  detect  ova.  In  India,  the  abundance  of  minute 
FilaricB  has  led  to  the  general  term  of  "  tank  worm  "  being  applied. 

The  presence  of  even  common  Anguillulce  in  water  shows  generally 
an  amount  of  impurity,  and  such  a  water  must  be  regarded  with  great 
suspicion.  Small  leeches  also  are  not  uncommon  in  both  still  and  running 
waters. 

The  wheel  animalcules  are  common  enough,  and  cannot  be  regarded  as 


Fig.  2. 
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very  important,  though  certainly  when  they  exist  there  must  be  a  good  deal 
of  food  for  them,  and  consequently  impurity  of  water. 


Description  of  Plate  I. 


Sediment  from  SotUh  wing  Well,  Netley,  drawn  with  the  Camera  lucida  at  the 
distance  of  10  inches  from  the  centre  of  eye-piece  to  pa/per. 

The  presence  of  infusoria  and  animals  of  low  type  indicates  the  presence  of  organic 
matter,  animal  or  vegetaMe,  and  it  is  therefore  important  to  note  their  presence ;  but 
it  has  not  at  present  been  shown  that  they  are  in  themselves  at  all  hurtful. 

aaa  Actinophrys  Sol,  early  and  complete  stages,  x  260. 

h  Supposed  decomposing  amoiba-like  expansions  of  Gromia  fluviatUis 
X  435. 

c  Fragment  of  carbonate  of  lime,  x  435. 
d  Navicula  viridis,  x  435. 
e  Grammatophora  marina?  x  435. 
/  Supposed  encysted  stage  of  Euglena  viridis,  x  435. 
g  Pinnate  conferva,  x  780. 
hhh  Fragments  of  decaying  vegetable  matter,  x  65. 
ii  Fragments  of  carbonaceous  substance. 

j  Part  of  conferva  filament.  Conferva  floccosa?  showing  the  various 

conditions  of  the  protoplasm  in  the  old  and  new  cells,  x  435. 
h  Part  of  leaf  of  Sphagnum  or  bog-moss,  x  108. 
I  Grammatophora  marina,  435. 
m  Minute  spores  with  zoospores?  x  435. 
n  Diatoma  hyalinum,  x  435. 
0  Cell  with  dividing  protoplasm,  x  435. 
f  Oxytricha  lingua,  x  260. 
g  Kotifer  vulgaris,  small,  x  108. 
r  Anguillula  fluviatilis,  x  108. 
s  Peranema  globosa,  x  108. 
t  Statoblast  of  a  fresh- water  zoophyte]  x  108. 
u  Arthrodesmus  incus,  x  435. 
V  Minute  Desmidise,  Scenedesmus  obtusus,  x  780. 
w  Oscillaria  (oscillatoria)  lasvis,  x  780. 
X  Homoeocladia  filiformis?  x  435. 
y  Ankistrodesmus  falcatus,  x  435. 
z  Minute  moving  particles,  x  435.-(?)  Zoospores. 

(To  Binder— To  face  Plate  I.) 


Description  op  Plate  II. 

Sediment  of  Ditch  Water,  drawn  with  the  Camera  lucida  at  the  distance  of  10  inches 

from  eye-piece  to  paper. 

a  Decaying  vegetable  matter,  cellular  tissue,  x  108. 

h  Pleurosigma  formosum,  before  dividing,  x  170. 

c  Oxytricba  gibba,  x  108. 

d  Amphileptus  anser,  x  170. 

e  Euglena  viridis,  x  285.  • 

/  Supposed  urceola  of  some  rotifer,  x  108. 

g  Surirella  gemma,  x  108. 

h     Do.       do.       X  65. 

i  Foraminifera,       x  65. 

j  Traclileocerca  linguifera,  x  65. 
7c  Small  Planaria?  ovisacs  distended,  x  65. 
I  Naviciila  viridis,  x  285. 
m  Paramecium  aurelia,  x  170. 
n  Coleps  birsutus,  x  285. 
0  Pleuronema  crassa,  x  285. 
p  Monura  dulcis,  x  170. 
q  Surirella  splendida,  x  170. 
r  Biddulpbia  pulchella,  x  285. 
.s  Surirella  striatula,  x  170. 
t  Eotifer,  Monolabis  conica?  x  108. 
u  Aregma,  spore  cases,  x  285. 
V  Stentor  ceruleusi  do.  v.  x  contracted,  x  170. 
w  THnema  acinus?  x  170. 
X  Pinnularia  grandis,  x  170. 
y  Gyrosigma  angulatum  before  dividing,  x  170. 
z  Aly scum  saltans  ?  x  170. 
aa  Synedra  ulna,  x  170. 
bb  Ampbiprora  alata,  x  285. 
cc  Gyrosigma  Spencerii,  x  285. 
dd  Nitzscbia  sigma,  x  170. 
ee  Bracbionus  angularis,  x  170. 
ff  Young  Vorticella  1  x  170. 
gg  Gyrosigma  fasciola,  x  285. 
hh  Trachelius  stiictus,  x  285. 

ii  Oocconema  Boeckii,  x  170. 

jj  Confervoid  cell  ?  witb  divided  protoplasm,  x  285. 

kk  Euplotes  Cbaron,  x  170. 


{To  Binder — 


To  face  Plate  II.) 


Pin. 
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Debcrtption  of  Plate  III. 

Dravjiny  of  Sediment  in  TJmnes  Water,  taken  just  above  Teddington  Lock,  in  April 
1878.  Notice  the  evidence  of  impurities  from  men,  viz.,  epithelimn,  vjoollen, 
cotton,  and  flax  fibres. 

Fig.  1.  Coleps  Mrsutus. 

2.  Bodo  grandis. 

3.  Actinophrys  Eichornii. 

4.  Epithelium  (tessellated). 

5.  Leucophrys  striata. 

6.  Anguillula  fluviatilis. 

7.  Paramedmn  chrysalis,  dividing  (?  sexual  stage). 

8.  Vorticella  microstoma. 

9.  Kerona,  young  1 

10.  Vorticella  microstoma  (stemless). 

11.  Paramecium  aurelia. 

12.  Conferva. 

13.  Cocconema  lanceolatum. 

14.  Synedra  splendens. 

15.  Gyrosigma  attenuatum. 

16.  Gomphonema  acuminatum. 

17.  Wool  fibre,  dyed. 

18.  Cotton  fibre,  dyed. 

19.  Conferva  floccosa. 

20.  Hair,  barbed,  of? 

21.  Kerona  mytilus. 

22.  Siliceous  spicule. 

23.  Diatoma  vulgare. 

24.  Fungi  (I  Torula). 

25.  Flax  fibre. 

26.  Axtbrodesmus  quadricaudatus. 

27.  Stylonicbia  1  histrio,  dividing. 

28.  Paramecium  caudatum. 

29.  Woody  fibre,  1  rootlets. 

30.  PoUen. 

31.  Vegetable  tissue  and  mycelium,  with  spores. 

32.  Decaying  vegetable  matter. 

33.  Gomphonema  curvatum. 

34.  Spores  of  Fungi  (?  Aregma). 

35.  Antherozoid  of  ? 

36.  Encysted  spore. 

Decaying  vegetable  matter  and  infusoria  abundant. 


(To  Binder— To  face  Plate  III.) 
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PI.  iv: 
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a..(h.a..Bro^^m.  VegetuhU  ceRs.  (probably  Spomn^uzl. J  probably  disengaged gomdicu 
b        Scales  of  :Ep  tMzurro  of  l^heiu  ( I(u^himi). 

c        Glaucoma  sdruUlaiis 
d       Manas  lezts. 

e  6.     Aspidisca  denJUjoutlata.  or  Coccaduuh 
f.f.       Oxyirtcha^  gihba.  f  yourvg 
y        yortijcella  ConvaRaria 
^t-       BacLenwTi  tzrma  in,  a  broad  sheet. 
I'         LocaliiecL  groups  of  a  hjrga^  foTrru. 
GystalUne  particl&s,  probably  qimrtiL. 
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(I)  Entomostraca  (such  as  the  water  flea,  Daphnia  pulex,  fig.  2  ;  Cyclops 
guadricomis,  fig.  3 ;  Sida,  Moina,  Polyphemus,  and  others)  are  very  com- 
mon  in  the  spring;  they  occur  in  so  many  good  waters  that  they  cannot  be 
considered  as  indicating  any  dangerous  impurity.  It  is  said  that  they  are 
only  found  near  (within  one  or  two  feet)  of  the  surface.  AmpMpoda 
{Gammanis  pulex)  may  also  be  met  with;  as  well  as  Isopoda  (Asellus 
aquatims),  and  Tardigmda  (water  bears),  especially  if  water  that  has  been 
stagnant  gets  washed  into  tanks,  cisterns  or  water  butts. 

{m)  There  are,  of  course,  many  other  tolerably  large  animals  often  found 
in  water ;  the  larvae  of  the  water  gnat  (Dytiscus),  the  water  boatman,  or  skip- 
jack (Notoneda  glauca),  and  the  pupa  form  of  many  insects,  may  be  found,  but 
they  are  chiefly  in  pond  water. 

So  many  are  the  objects  in  water  that  the  observer  will  be  often  very  much 
at  a  loss,  first,  to  identify  them,  and  secondly,  to  know  what  their  presence 
implies.  The  best  way  is  first  to  see  what  objects  appear  to  be  mineral,  or 
non-living  vegetable  substances,  and  to  fix  the  origin  and  estimate  the  quantity 
as  far  as  it  can  be  done.  Then  to  turn  to  the  living  organisms  and  to  look 
attentively  for  bacteridia,  amosbce,  fungi,  and  ova,  and  small  worms  and  leeches. 
If  none  of  these  exist,  the  water  cannot  be  considered  dangerous.  Ciliated  in- 
fusoria of  various  kinds,  Diatoms,  Desmids,  and  Algce,  are  chiefly  important 
in  connection  with  microscopic  evidence  of  decaying  vegetable  matters, 
and  with  chemical  tests  showing  much  dissolved  organic  impurity  in  the 
water. 

The  subjoined  plates  show  the  principal  objects  found  in  a  deep  well  water 
(Plate  I.) ;  in  a  slow  running  stream  (Plate  II.) ;  in  Thames  water  taken  in 
1868  above  Teddington  Lock  (Plate  III.) ;  in  water  from  a  spring  near 
Eailway  at  Tilbury  (Plate  IV.) 


Chemical  Examination  of  the  Sediment. 

The  amount  of  sediment  is  told  by  taking  two  equal  quantities  of  water 
(say  ^  litre),  evaporating  one  quantity  to  dryness  at  once,  and  the  other  after 
subsidence  and  filtration,  so  that  suspended  matters  are  as  far  as  possible 
separated,  and  then  weighing  the  two  residues.  The  difference  between  the 
two  weights  gives  the  amount  of  the  sediment.  Or  a  certain  amount  of  water 
may  be  allowed  to  stand  until  all  the  sediment  has  faUen  ;  the  water  is  poured 
off,  and  the  sediment  dried  and  weighed.  If  good  Swedish  filtering  paper  is 
obtainable,  the  sediment  may  be  obtained  at  once;  two  filters  should  be 
moistened  with  dilute  hydrochloric  acid,  then  washed  with  distilled  water  and 
then  dried.  The  amount  of  ash  in  one  filter  should  then  be  determined  by 
incineration;  the  sediment  should  be  collected  on  the  other  filter,  dried, 
weighed,  and  then  incinerated.  The  ash  of  the  filter  itself  being  known,  the 
weight  of  the  ignited  sediment  is  the  total  weight,  less  the  ash  of  the  filter. 
If  it  be  wished  to  carry  the  analysis  farther,  the  sediment  is  incinerated ; 
mineral  matter  remains,  while  all  animal  and  vegetable  matter,  whether 
previously  inanimate  or  living,  is  destroyed.  This  matter  of  such  various 
origin  is  generally  stated  under  the  vague  terms  of  organic  or  volatile  matter, 
but  this  gives  no  idea  of  its  origin.  Some  of  this  so-called  organic  matter 
may  have  been  dead ;  another  portion  Hving.  The  mineral  matter  may 
be  further  determined  by  digesting  in  weak  hydrochloric  acid  by  the  aid 
of  heat ;  the  undissolved  matters  are  silica  and  aluminium  silicate ;  lime, 
iron,  and  magnesia  will  be  dissolved,  and  can  be  tested  for  as  hereafter 
given. 
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Sub-Section  III, 


Examination  of  Dibsolved  Matters. 

In  all  examinations  of  water,  if  the  sediment  is  not  expressly  referred  to, 
it  is  to  be  understood  that  the  examination  refers  only  to  the  dissolved 
matters.    These  are  gases  or  solids. 

Gases. — Oxygen,  nitrogen,  carbon  dioxide,  hydrogen  sulphide,  and  car- 
buretted  hydrogen  are  the  most  usual  gases.  If  the  three  former  co-exist,  as 
is  generally  the  case,  the  oxygen  is  usually  in  larger  relative  amount  than  in 
atmospheric  air,  as  it  often  reaches  32  per  cent.^  The  amounts  of  oxygen 
and  carbon  dioxide  depend  so  much  on  varying  conditions,  such  as  the  amount 
of  exposure  to  the  air,  the  growth  or  absence  of  plant  life,  and  the  presence 
of  animals,  as  to  render  the  proportions,  absolute  and  relative,  of  the  gases  so 
variable,  that  few  inferences  of  hygienic  importaace  can  be  drawn  from  their 
determination.  A  lessening,  however,  at  one  part  of  its  course,  in  the  quan- 
tity of  oxygen  which  a  certain  water  is  known  to  contain,  may  be  useful,  as 
pointing  out  that  organic  matter  has  been  in  the  water.2 

Thus  Professor  Miller  found  that  Thames  water  contained  the  foUowing 
amount  of  gases  in  CO.  per  litre,  in  its  flow  down  stream  :— 

Kingston.  H™''"  Greenwich.  Woohvich. 

Carbon  dioxide,  30-3  ..."       45-2  55-6  48-3 

Oxygen,  .    74  4-1         1-5  "25  '25 

Nitrogen,        .  15  15-1       16-2  15-4  14-5 

The  stability  of  the  nitrogen,  the  increase  in  the  CO2,  and  the  lessening 
of  the  oxygen,  are  well  seen.   If  water  contain  much  COg  bubbles  of  the  gas 
form  on  the  sides  of  the  glass  in  which  the  water  is  placed.    So  far  as  our 
knowledge  extends  at  present,  there  seems  to  be  but  little  information  obtained 
by  the  determination  of  the  amount  of  gases  in  water;  but  if  it  is  decided  to 
do  so  we  require  a  mercurial  trough,  a  graduated  tube-measure  to  be  hlled 
with  mercury  and  inverted  into  the  trough,  a  flask  and  a  connecting  tube  witH 
a  bulb  blown  on  it.    The  flask  is  filled  with  water  and  connected  with  the 
bulb-tube  by  an  india-rubber  tube,  which  is  to  be  closed  by  a  clamp.  Some 
water  is  put  into  the  bulb,  and  boiled;  this  is  to  expel  air  from  the  connect- 
ing tube  ;  and  when  this  is  done,  the  end  of  the  tube  is  put  into  the  mercurial 
trouah  under  the  vessel  filled  with  mercury,  the  clamp  is  removed  from  the 
india-rubber  tube,  and  the  water  is  cautiously  boiled  for  an  hour    The  gases 
collect  in  the  mercurial  tube,  and  are  measured  (due  regard  being  had  to 
temperature  and  pressure,  and  the  other  corrections) ;  the  00^  is  absorbed  by 
potash,  the  oxygen  by  potassium  pyrogaUate,  and  the  nitrogen  is  read  as  the 

'"'As'^'regards  the  00^,  there  is  an  objection  to  this  method  as  the  heat 
decomposes  the  calci  m  and  magnesium  bicarbonates,  and  therefore  the 
amount  of  CO  evolved  is  greater  than  existed  in  the  water  as  free  carbonic 
:Sd  On  ?h7'other  handfit  is  im'possible  by  heat  alone  to  obtain  aU  the 
oxygen  and  nitrogen.^  

in  the  proportion  of  65;1  of  i^^t^ogen  and  34  9  of  oxygen^  of  oxygen  (oxymetrie)  was  tlie  best 
2  Up  to  recently  Gerardm  considered  t^^.^i  +Sm1v  consider^^^      The  importance  of 
test  of  a  water's  pnrity.   He  has  smce  modified  hi    ^^^^  ^"Xwaters,  of  \mdoubted 
the  indication  is  also_  gi-eatly  lessened  by  the  fac^tjj^^^^  ^^^^^  '^^^^  Thames  at 

potable  excellence,  yield  extremely  little  oxygen,    oiieu  n 

»  Thet ian  of  determining  the  oxygen  by  means  of  the  sodium  hydrosulphite,  suggested  by 
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As  this  operation  is  a  rather  delicate  one,  and  requires  some  practice,  and 
as  the  information  it  gives,  in  a  hygienic  point  of  view,  does  not  appear  to  be 
so  useful  as  that  obtained  by  other  methods,  it  may  be  omitted  except  in 
cases  where  the  amount  of  aeration  is  considered  very  important.  The  amount 
of  free  CO2  can  also  be  determined  approximately  by  the  soap  solution 
subsequently  described.  Dr.  Macnaraara  has  proposed  1  a  still  simpler  method 
for  the  examination  of  water  in  India. 

Dr.  Frankland  has  proposed  a  very  ingenious  plan  for  extracting  the 
gases  from  water  without  heat.  It  is  an  application  of  the  Sprengel  pump, 
in  which  the  Torricellian  vacuum  of  a  barometer  is  made  to  act  as  an 
air-pump.  The  gases  can  be  extracted  either  at  the  ordinary  or  boiling 
temperature.  This  plan  may  be  useful  in  laboratories  where  much  water 
analysis  is  carried  on,  but  it  can  hardly  at  present  be  appHed  by  army  medi- 
cal oflBcers. 

Hydrogen  sulphide  sometimes  occurs  in  water  as  a  consequence  of  the 
decomposition  of  sulphates  by  organic  debris,  even  by  the  cork  of  the 
bottles,  the  SHg  being  afterwards  liberated  by  carbonic  acid.  In  some 
mineral  waters  (Marienbad)  hydrogen  sulphide  appears  when  algcB  are 
in  the  water^  but  not  without.  ^ 

If  the  gas  is  present  in  any  quantity,  it  can  be  detected  by  the  smell. 
Alkaline  sulphides  have,  however,  less  smell.  Both,  even  without  smell,  can 
be  detected  by  salts  of  lead.  A  large  quantity  of  water  should  be  taken  in 
an  evaporating  dish,  and  a  little  clear  lead  subacetate  or  acetate  allowed  to 
flow  tranquilly  over  the  surface.  Black  fibres  of  lead  sulphide  are  formed. 
If  lead  acetate  is  mixed  with  solution  of  soda  until  the  precipitate  which  at 
first  forms  is  redissolved,  a  very  delicate  test-liquor  is  obtained.  Solution  of 
sodium  nitro-prusside  is  also  a  delicate  test,  and  gives  a  beautiful  violet- 
purple  colour.  As  it  acts  only  on  the  alkaline  sulphides,  a  little  solution 
of  soda  or  ammonia  must  also  be  added  to  detect  the  free  hydrogen  sul- 
phide. 

Carburetted  hydrogen  in  small  quantity  in  water  is  not  readily  detected, 
but  Tiemann  says  that  warming  the  water  to  110°  Fahr.  will  enable  the 
smell  to  detect  coal-gas,  when  chemical  reagents  fail.  Generally  there  are 
other  impurities,  especially  if  it  be  derived  from  gas  impregnation.  In  larger 
quantity  it  sometimes  bubbles  up  from  the  water  of  stagnant  pools,  particularly 
if  there  be  much  vegetable  matter  ;  and  in  the  cases  of  some  natural  springs 
in  petroleum  districts,  can  be  ignited. 

Dissolved  Solids. 

The  chemical  examination  of  the  dissolved  matters  is  divided  into  the 
qualitative  and  the  quantitative. 

Qualitative  Examination  of  Dissolved  Solids. 

The  water  may  be  either  at  once  treated,  or,  in  the  case  of  some  con- 
stituents, it  should  be  concentrated  by  evaporation. 


Schiitzenberger  and  G^rardin,  is  iugenious  aud  rapid,  iDut  it  has  the  inconvenience  of  re- 
quiring the  reagent  to  be  freshly  prepared,  as  it  will  not  keep.  (See  Comptes  Rendus  de 
i^Academie  des  Sciences  ;  Lefort,  Traite  de  chimie  hydrologique ;  Annates  d' Hygiene,  Janvier 

1  Scheme  of  Water  Analysis  for  India. 

2  Archiv.  fur  Wiss.  Heitk,  1864,  No.  III.  p.  261. 
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WATER. 


Water  not  Concentrated. 


Substance  sought 
for. 

Reagents  to  be  used,  and  effects. 

Uemarks. 

Reaction 

Litmits  and  turmeric  papers  ; 
usual  red  or  brown  re- 
actions. 

Usually  neutral.    If  acid,  and  acidity 
disappears  on  boiling,  it  is  due  to  car- 
bonic acid.   If  alkaline  and  alkalinity 
disappears  on  boiling,  to  ammonia 
(rare).    If  permanently  alkaline,  to 
sodium  carbonate. 

Lime 

Oxalate  of  ammonium. 
White  Precipitate. 

Six  grains  per  gallon  give  turbidity  ; 
sixteen  grains  considerable  precijii- 
tate. 

Chlorine 

Nitrate  of  silver,  and  dilute 

nitric  acid. 
White  precipitate  becoming 

lead  colour. 

One  grain  per  gallon  gives  a  haze ;  four 
grains  per  gallon  give  a  marked  tur- 
bidity ;  ten  grains  a  considerable 
precipitate. 

Salpliuric  Acid 

Chloride  of  barium  and  dilute 

hydrochloric  acid. 
White  precipitate. 

One-and-balf  grains  of  sulphate  give 
no  precipitate  until  after  standing  ; 
three  grains  give  an  immediate  haze, 
and,  after  a  time,  a  slight  precipi- 
tate. 

Nitric  Acid 

Brucine  solution  ^  and  pure 

sulpMiric  acid. 
A  pink  and  yellow  zone. 

The  sulphuric  acid  should  be  poured 
gently  down  to  form  a  layer  under 
the  mixed  water  and  brucine  solu- 
tion ;  half  a  grain  of  nitric  acid  per 
gallon  (  =  0-7  per  100,000)  gives  a 
marked  pink  and  yellow  zone  ;  or,  as 
recommended  by  JNicnolson,  z  c.u. 
of  the  water  may  be  evaporated  to 
dryness  ;  a  drop  of  pure  sulphuric  acid 
and  a  minute  crystal  of  bructue  be 
dropped  in;  '01  grain  per  gallon 
(=•0143  per  100,000)  can  be  easily 
detected. 

Nitrous  Acid 

Iodide  of  potassium^  and 
starch  in  solution  and  di- 
lute sulphuric  acid. 

An  immediate  blue  colour. 

Add  the  solution  of  iodide  of  potassium 
and  starch,  and  then  the  acid  ;  the  blue 
colour  should  be  immediate  ;  make  a 
comparative  experiment  with  distilled 
water. 

Solution  of  metaphenylene- 

diamine  and  dilute  sul- 

phuric  acid  (Griess's  test) 

— a  yellow  colour  more  or 

irtoci  iTr»m(irliQfp  apcordinff 
less  imiiicu.iciLo  ciL/v^v/AVAi.AJ^ 

to  amount  of  nitrous  acid. 

This  is  a  very  delicate  test;  a  yellow 
colour  will  appear  in  the  water  in 
half  an  hour,  if  there  be  only  one 
part  of  nitrous  acid  in  10,000,000  of 
water. 

Ammonia 

Nessler's  solution.^ 
A  yellow  colour  or  a  yellow 
brown  precipitate. 

If  in  small  quantity,  several  inches  in 
depth  of  water  should  be  looked  down 
through  on  a  white  ground. 

See  Appendix  A.  ^  See  Appendix  A.  '  See  Appendix  A 
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Substance  sought 
for. 


Iron 


Hydrogen 
Sulphide 


Alkaline 
Sulphides 


Oxidisable 
matter,  in- 
cluding or 
ganic  matter 


Do. 


Lead  or  Cop' 
per^ 


Zinc 


Reagents  to  be  used,  and  effects. 


Remarks. 


Red  and  yellow  prussiates  of 

potash,  and  dilute  HOI. 
Blue  precipitate. 

A  salt  of  lead. 
Black  precipitate. 


Nitropnisside  of  sodium. 
A     beautiful  violet-purple 
colour. 


Gold  chloride. 

Colour  varying  from  rose- 
pink  through  violet  to 
olive ;  a  dark  violet  to 
black  precipitate. 


Note  the  darkening  of  the 
silver  chloride  in  testing 
for  chlorine. 


Ammonium  sulphide.  Dark 
colour,  not  cleared  up  by 
hydrochloric  acid. 


Hydrogen    Sulphide.  A 

white  precipitate. 
If  zinc  be  in  considerable 
quantity,  it  is  generally 
present  as  bicarbonate, 
and  gradually  forms  a 
film  of  carbonate  on  the 
surface  of  the  water. 
This  film  may  be  collected 
and  heated  on  platinum 
foil.  If  a  residue  re- 
main yellow  when  hot  and 
white  on  cooling,  the  pre- 
sence of  zinc  is  indicated. 
This  reaction  is  very  deli- 
cate. ^ 


The  red  for  ferrous  and  the  yellow  for 
ferric  salts. 


AVhen  the  water  is  heated  the  smell  of 
hydrogen  sulphide  may  be  percep- 
tible. 


A  black  precipitate  with  lead,  but  no 
colour  with  nitroprusside  shows  that 
the  hydrogen  sulphide  is  uncom- 
bined. 


The  water,  which  should  be  neutral  or 
feebly  acid,  must  be  boiled  for  20 
minutes  ^vith  the  gold  chloride.  If 
no  nitrous  acid  be  present,  the  re- 
action may  generally  be  considered 
due  to  organic  matter. 


Compare  with  a  precipitate  produced 
pure  solution  of  a  chloride. 


in  a 


Place  some  water  (100  C.C.)  in  a  white 
dish,  and  stir  up  with  a  rod  dipped  in 
ammonium  sulphide  ;  wait  till  colour 
produced,  then  add  a  drop  or  two  of 
hydrochloric  acid.  If  the  colour 
disappears,  it  is  due  to  ii'on  ;  if  not,  to 
lead  or  copper.^ 

This  test  is  not  available  if  there  be  iron 
present,  should  the  water  be  alkaline. 
It  forms,  however,  in  perfectly  neu 
tral  waters,  but  not  in  acid. 


mL^^'^"*^^  Harvey  {Analyst,  vol.  vi.  p.  146)  recommends  small  crvstals  nf  ,...+oc.-      i  •  i 


^  Wanklyn. 
"  Frankland,  Water  Analysis,  1880,  p.  44, 
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Water  Concentrated  to  -^-^th  {in  a  porcelain  dish). 


Substance  sought 
for. 

Reagents  to  be  used,  and  effects. 

Remarks. 

Magnesia 

Oxalate  of  ammonium  to  pre-  . 
cipitate  lime,  then  after  fil- 
tration a  few  drops  of  ^j/ws- 
phate  of  sodium,  of  chloride 
of  ammonium,  and  of  liq. 
ammonicB.    A  crystalline 
precipitate  in  24  hours. 

A.  precipitate  forms  in  24  hours,  and  is 
the  triple  jjhosphate  either  in  tne 
shape  of  prisms  or  in  feathery  crystals. 

Phosphoric 
Acid 

Molyhdate  of  ammonium  and 
dihUe  nitric  acid. 

A  well  -  marked  yellow 
colour,  and  on  stand- 
ing a  precipitate. 

Add  the  nitric  acid,  and  stir  with  a 
glass  rod,  then  add  twice  the  quan- 
tity of  molyhdate  and  boil. 

Nitric  Acid 

Brucine  test. 

If  the  nitric  acid  is  in  small  quantity, 
it  may  not  be  detected  in  the  uncon- 
centrated  water. 

Silicic  Acid 

Evaporate     to  dryness, 
moisten  with  strong  hy- 
drochloric    acid;  after 
standing,  add  boiling  dis- 
tilled water ;  pour  off  fluid ; 
dry,   ignite  ;  repeat  the 
treatment  with  hydrochlo- 
ric acid  and  water  ;  dry, 
ignite  again,  and  the  re- 
sidue is  silica,  or  silicate 
of  aluminium. 

The  residue  may  be  weighed,  and  thus 
the  silica  determined  quantitatively. 
A  little  clay  or  oxide  of  iron  will  be 
sometimes  mixed  with  it. 

Lead  or  Copper 
Arsenic 

As  before. 

MarsVs  or  Beiiisch's  tests. 

If  quantity  be  very  small. 

Water  should  be   rendered  alkaline 
Avith  sodium  carbonate  before  con- 
centration, then  acidulated  with  hy- 
drochloric acid. 

Zinc. 

Evaporate  to  dryness  ;  trea1 
residue  with  caustic  potasJ 
or  ammonia,  filter  and  tes 
filtrate  with  hydrogen  ml 
phide;  a  white  precipitat 
falls. 

:  This  is  necessary  if  the  quantity  be 
I      small,  or  it  iion  oe  pie^uuu 
t   If  a  film  of  carbonate  forms  on  concen- 
-      tration,  it  may  be  tested  on  platinum 
3      foil,  as  before  described. 

I 

Inferences  from  the  Qualitative  Tests. 
S„.eti.es  BO  time  ca.      gWen  ^o.^— 

answered.!  _  rmanfUv  it  either  comes  from  strata 

If  chlorine  be  present  in  «<^i^«^^7l'^^^^^'"*'Y;;' e'^^^^^^^  of  sea-water,  or 
containing  chloride  of  sodmm  or  ca  cmm  ^"P^  f '^^the  first  case  the 
from  adndxture  of  liquid  excreta^o^nen^nda^^ 

1  Kubel  and  Tiem^um  rely  very  greatly  on  the  qualitative  test.. 


INFERENCES  FROM  THE  QUALITATIVE  TESTS. 


75 


water  is  often  also  alkaline,  from  sodium  carbonate ;  there  is  an  absence,  or 
nearly  so,  of  oxidised  organic  matters,  as  indicated  by  nitric  and  nitrous  acids 
and  ammonia,  and  of  organic  matter ;  there  is  often  much  sulphuric  acid. 
These  characters  are  common  in  deep  well  waters.  If  it  be  from  calcium 
chloride,  there  is  a  large  precipitate  with  ammonium  oxalate  after  boiling. 
If  the  chlorine  be  from  impregnation  with  sea-water,  it  is  often  in  very  large 
quantity ;  there  is  much  magnesia,  and  little  evidence  of  oxidised  products 
from  organic  matters.  If  from  sewage,  the  chlorine  is  marked,  and  there  is 
coincident  evidence  of  nitric  and  nitrous  acids  and  ammonia,  and  sometimes 
phosphoric  acid ;  and  if  the  contamination  be  recent,  of  oxidisable  organic 
matters.  A  stream  fouled  by  animals  or  excreta  may  thus  show  at  dilferent 
times  of  the  same  day  different  amounts  of  chlorine,  and  this,  in  the  absence 
of  rain,  will  indicate  contamination. 

Ammonia  is  almost  always  present  in  very  small  quantity,  but  if  it  be  in 
large  enough  amount  to  be  detected  without  distillation  it  is  suspicious. 
If  nitrates,  &c.,  be  also  present,  it  is  likely  to  be  from  animal  substances, 
excreta,  &c.     Mtrates  and  nitrites  indicate  previously  existing  organic 
matters  probably  animal,  such  as  excreta,  remains  of  animals,  &c.  but 
nitrates  may  also  arise  from  vegetable  matter,  although  this  is  probably  less 
usual.    If  nitrites  largely  exist,  it  is  generally  supposed  that  the  contamina- 
tion is  recent.    The  coincidence  of  easily  oxidised  organic  matters,  of  ammo- 
nia, and  of  chlorine  in  some  quantity,  would  be  in  favour  of  an  animal 
origin.    If  a  water  gives  the  test  of  nitric  acid,  but  not  nitrous  acid,  and 
very  little  ammonia,  either  potassium,  sodium,  or  calcium  nitrate  is  present, 
derived  from  soil  impregnated  with  animal  substances  at  some  anterior  date! 
If  nitrites  are  present  at  first,  and  after  a  few  days  disappear,  this  arises  from 
continued  oxidation  into  nitrates ;  if  nitrates  disappear,  it  seems  probable 
this  IS  caused  by  the  action  of  bacteria,  or  other  low  forms  of  life.  Some- 
times m  such  a  case  nitrites  may  be  formed  from  the  nitrates.  Phosphoric 
acid,  if  in  any  marked  quantity,  indicates  origin  from  phosphatic  strata 
(which  is  uncommon)  or  sewage  impregnation.    Wanklyu  has  ridiculed  the 
icLea  o±  phosphoric  acid  being  present  in  any  appreciable  quantity  in  water, 
it  (as  IS  almost  always  the  case)  lime  be  also  present.    But,  independent  of 
tHe  tact  that  the  reaction  of  phosphoric  acid  is  obtained  in  water,  Hehner2 
has  clearly  shown  that  phosphoric  acid  does  exist  in  appreciable  quantity  as 
phosphates,  especially  in  polluted  waters.    Lime  in  large  quantity  indicates 
calcium  carbonate  If  boiling  removes  the  Ume,  sulphate  or  chloride  or  nitrate 
If  boiling  has  little  effect.    Testing  for  calcium  carbonate  is  important  in 
connection  with  purification  with  alum.    Sulphuric  acid  in  large  quantity, 
with  little  lime  indicates  sulphate  of  sodium,  and  usually  m^ch  chloride 
and  carbonate  of  sodium  are  also  present,  and  on  evaporation  the  water  is 
ZIhT'-  vF  Ti^^^^^e  of  citric  acid,  with  little  evidence  of  organic 
11  contamination;  if  the  organic  matter  be  large,  and 

especial  y  if  there  be  mtrous  acid  as  well  as  nitric  present,  the  impregnation 
the  water       "^^^  ^^"'""'^  nitrifying  ferment  from 

coit?miIw^°'l^^'  considered  these  substances  as  the  representatives  of  ''previous  sewn^rp 
2  Analyst,  vol.  v.  p.  135. 
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WATER. 


Tabular  View  of  Inferences  to  he  Drawn  from  Qualitative  Examination. 


Dxiillsable 

matter  by 

Phos-  g 
phates. 

Classi- 

Chlorine. 

Gold 
Chloride  or 

Silver 
Chloride. 

Nitrates. 

Nitrites,  i 

Vmmonla. 

ulphatcs. 

fication 
of  Water. 

Remarks. 

Slight. 

Slight. 

Nil. 

Nil. 

Nil. 

Trace. 

CXnn(\ 
UrOUU, 

A  nprfpctlv  cure 
water. 

Marked. 

Nil  or 

Nil. 

Nil. 

Marked. 

Present. 

Trace. 

Good. 

A  good  water, 
proljably  from 

trace. 

a  deep  well. 
Probably  old  ani- 
mal contami- 

Marked. 

Slight. 

Marked. 

Nil  or 
trace. 

Trace 

Trace. 

Trace. 

Usable. 

nation. 

Large. 

Nil  or 
trace. 

NU. 

Nil. 

Nil  or 
trace. 

Marked. 

Usable. 

Probably  some 
contamination 
with  sea-water. 

Slight. 

Well- 
marked. 

Marked 
to 
large. 
Marked. 

Nil. 

Nil. 

Nil  or 
trace. 

Nil  or 
trace. 

Usable. 

Probably  vege- 
1    table  im- 

piirity :  peat  ? 

Marked. 

Nil  or 

Nil'  or 
trace. 

Marked. 

Marked. 

Marked- 

Suspi- 
cious. 

Probably  a  shal- 

1  r\"vir    TJiTol  1     OfVtX  — 

trace. 

taminated 
with  uriae. 

Slight. 

Marked. 

Present. 

Present. 

Marked 

Trace. 

Trace. 

Impure 

Probably  water 
contaminated 
with  sewer 
gases. 

Marked 

Large. 

Marked 

.  Marked 

.  Marked 

.  Marked 

.  Marked 

,  Impure 

.  Water  contami- 
nated with 
sewage. 

To  the  above  qualitative  tests  would,  ot  course,  be  aaaea  iBe  pxxj.x..x 
c  Jrac  ers  wMch  would  to  some  considerable  extent  influence  tbe  con- 
characters    wmcn  possible,  tbe  microscopic  appearances  ougbt 

tban  tbe  alkaline  and  eartby  metals,  is  to  be  condemned, 
both. 

Quantitative  Examination  op  Dissolved  Solids. 

The  discrepancies  *ch  are  ^r^.^^^^^^^  ^,SS^^:?"S 

or  in  analyses  by  two  "l''''^""^:*^^  "^"^^^^    Consequently  two 

the  difficulty  of  a  ways  s^aratmg  the  su^^^^^^  ^^^.^^^^  .^^^  „j 

TpS^dTa^ s^wS^^^eTL"  ^^^^^^^^^        of  the  solids,  or  influence 

°'\ra™id  this  source  of  f -J  ^^^W  £  ^wdtr^^  tt^^ 
to  be  examined  for  soUds  ^l^^jj^  by kced  in  a    e  n^^^^^^^ 

dark  place  for  twenty-  our  or  fo  Y'Xn  Sned  off.  If  the  sediment  is 
sided,  and  the  clear  water  ^'^""''l.^^^Xrel  ton-b  paper  (previously  well 
too  fine  to  subside,  the  water       J'^^lf  th  L^^^^^^  and  then 

washed  with  weak  hydrochloric  aod  and  tnen 
dried),  but  if  possible  filtration  should  be  avoideo. 
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Of  the  solids  in  water,  some  are  mineral,  and  derived  from  the  mineral  con- 
stituents of  the  soil,  such  as  lime,  magnesia,  and  part  of  the  chlorine,  and  of  the 
sulphuric,  carbonic,  and  silicic  acids;  others  are  also  inorganic,  but  are  derived 
from  the  remains  of  animals  or  vegetables,  by  oxidation  or  solution,  or  from 
the  atmosphere,  such  as  ammonia,  nitric  acid,  nitrous  acid,  some  of  the  chlorine, 
and  of  the  sulphuric,  and  phosphoric  acids.  Other  constituents,  derived  from 
numerous  sources,  are  vegetable  or  animal  matters,  which  are  usually  unstable, 
and  are  undergoing  disintegration  and  oxidation.  They  may  be  nitrogenous 
or  not.  The  composition  of  these  substances  is  doubtless  extremely  various  ; 
the  determination  of  the  total  quantity  is  difficult ;  the  separation  of  the 
different  kinds  from  each  other,  at  present,  impossible. 

The  methods  by  which  the  quantity  of  this  organic  matter  (to  use 
its  famihar  name)  can  be  expressed  have  been  lately  much  debated,  and  even 
now  there  is  no  general  agreement  ;i  nor,  at  present,  is  there  any  plan  by 


1  The  foUowing  plans  have  "been  tried  at  snccessive  times  : — 

1.  The  estimation  by  ignition  of  the  dried  solids.  However  useful  ignition  is  as  indicating 
the  presence  of  nitrites,  nitrates,  or  organic  matter,  the  results  are  very  uncertain  as  regards 
quantity,  owing  to  the  loss  of  hygroscopic  water,  the  decomposition  of  carbonates,  and  errors 
arising  in  recarbonating,  the  loss  of  nitrites  and  nitrates,  and  in  some  cases  of  chlorine  as  weli 
as  the  destruction  of  organic  matter.  Hence  "substances  driven  oif  by  heat,"  or  "volatile 
substances,"  is  not  an  equivalent  expression  for  "organic  matters."  ' 

2.  Precipitation  by  perchloride  of  iron,  weighing,  incinerating,  and  weighing  again.  The 
diflSculty  here  is  that  all  the  organic  matter  is  not  precipitated,  and  other  mineral  substances 
may  be. 

3.  The  determination  of  the  nitrogen  and  carbon  in  the  organic  substances.  This  is  the 
plan  proposed  by  Dr.  Frankland,  who  determines  the  nitrogen  in  the  ammonia,  nitric  and 
nitrous  acids  which  may  be  present,  and  also  that  in  organic  combination,  and  in  this  way  gets 

at  the  nitrogen,  which  must  have  formed  part  of  the  organic  matter  ("  organic  nitrogen '')  In  ' 
the  same  way  the  carbon  existing  other  than  in  the  shape  of  carbonic  acid  is  determined 
("organic  carbon").  He  has  proposed  a  most  ingenious  and  beautiful  process  the  most 
recent  and  best  account  of  which  is  contained  in  his  Water  Analysis  for  Saniiary  Purnoses 
1880,  p.  59.  This  plan  requires  so  much  apparatus,  time,  and  skill,  as  to  be  quite  beyond  the 
reach  of  medical  ofiBcers,  and  it  would  also  appear  that  in  the  hands  of  even  very  able  chemists 
it  gives  contradictory  results  ;  the  quantities  are  in  fact  so  small,  and  the  chances  of  error  so 
repeated,  that  in  its  present  form  this  really  beautiful  plan  seems  not  adapted  for  hv^^ienic 
water  analysis.  It  is  also  difficult  to  know  what  construction  should  be  put  on  the  resufts  •  i 
water  containing  much  non-nitrogenous  organic  matter  may  give  a  very  much  larger  amount' of 
"  organic  carbon"  than  a  water  containing  a  much  smaller  amount  of  nitrogenous  matter  nnfl 
yet  be  much  less  hurtful.  °  '  ^ 

4.  The  determination  of  the  nitrogen  of  the  organic  matters  (as  ammonia)  bv  means  of 
alkaline  permanganate  of  potassium  ("albuminoid  ammonia"),  after  all  ammonia  existin- as 
such  m  the  water  has  been  got  rid  of.  This  plan,  proposed  by  Wanklyn  and  ChaDmin  \tl 
the  merit  of  simplicity  and  rapidity.  It  has  been  objected  to  by  Frankland  on  tCg^ouLd 
that  the  whole  of  the  nitrogen  is  not  obtained.  There  is  no  doubt  of  this  •  but  wLkhni 
affirms  that  the  quantity  obtained  is  constant,  and  therefore  comparison  between  differpnf 
waters  can  be  instituted.  Thudichum  and  Dupre,  in  their  work  on  Wine  (p.  262)  state  that 
they  find  the  albummoid  ammoma  process  so  accurate  for  albumen  in  wine,  that  thev  ii^p 

iVfT^P'Sf""'' "^^^f  f  ^*^°'-'ii  I^^'st  confessed  that  this  point  has  not  been  probed 
to  the  bottom  and  that  especialy  the  relation  of  the  "albuminoid  ammonia"  to  diseas^^ 
produced  by  the  water  has  not  been  yet  made  out.  The  "  albuminoid  ammonia  "  of  S 
potable  water  has  been  simply  taken  as  a  standard,  and  the  wholesomeness  of  other  wS 
judged  of  by  reference  simply  to  this.  But  at  the  present  time  it  is  the  most  convlnient 
process  we  have,  and  (with  some  reservation  as  to  the  precise  inferences  to  be  drawn  from  itHf 
has  been  pretty  generally  adopted.  "^^vvu  uom  it)  it 

5.  Two  other  processes,  that  of  Dittmar  and  Robinson,  and  that  of  Dupre  and  Rnl-n 
2ffiSs        ^^^°k^^^<i's  ^'^^^^  Analysis,  but  neither  seems  adapted  for  the  use  of  medicS 

6.  Estimation  of  the  organic  matter  in  terms  of  the  oxygen  required  to  oxidise  it  +i, 
manganate  of  potassium  being  the  oxidising  agent.     This  process  Corio-irioii^       '  ^'^^J?^^- 
Forchammer  of  Copenhagen)  has  been  much  usid  and  milchTl^ecte&S 

have  now  given  it  up.    It  gives,  certainly,  only  an  approximation,  requires  care  3  ^\T''1^ 
indicate  the  organic  matter  capable  of  oxidation.    Yet  it  gives  reallv         f!f  '  '^^•J.^'i^l  only 
often  adds  additional  evidence  to  Wanklyn's  method,  and  gives  some  ind^i.fi"'*i°"', 
or  recent  origin  of  nitric  acid,  and  is  easy  of  applica  ion.    The  obSt  on  n,  I  i  ''''  *°  ? 
Frankland  have  been  recently  modified,  and  it  is  acknowledged  S  n  Tn    ^  V''^''',™'*  ^* 
properly  applied.    It  would  be  very  undesirable  to  discontinue  it   alfTZ    ''''''''  Y^'^'' 
from  want  of  apparatus,  the  distillation  necessary  for  Wanklyn  and  Chapman's     th 'l  ' 
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which  dissolved  vegetable  may  be  distinguished  from  animal  matter,  except 
by  reference  to  the  microscopic  characters  of  the  sediment,  to  the  source  of  the 
water,  and  the  coincident  inorganic  substances. 

The  quantitative  processes  which  appear,  in  a  hygienic  sense,  to  be  mosi 
useful  are  as  follow  : — 

Determination  of — 

1.  Dissolved  solids,    (a)  Total.    (&)  Fixed,    (c)  Volatile. 

li  Hardness,    (a)  Total,    (b)  Fixed,    (c)  Removable. 

4.  Free  or  saline  ammonia  and  nitrogenous  organic  matter. 

(a)  Free  ammonia. 

(b)  Albuminoid  ammonia. 

5.  Oxidisable  matter  and  products  of  organic  oxidation. 

(a)  In  terms  of  oxijijen  required  for  total  oxidisable  matter. 
(&)  In  terms  of  oxygen  required  for  organic  matter  only. 

(c)  Nitrous  acid. 

(d)  Nitric  acid. 

6.  Phosphoric  acid  in  phosphates.  ,  . 

7.  Sulphuric  acid,  silica,  iron,  and  the  alMlina  carbonates,  may  be  deter- 
mined, but  are  seldom  required. 

The  statement  of  results  is  usuaUy  given  in  this  country  m  grains  per 
gallon,  or  in  parts  in  100,000;  or  it  maybe  given  in  grammes  per  litre, 
which  is  the  same  as  parts  per  1000,  and  by  shifting  the  decimal  point  to 
the  right,  parts  per  10,000,  100,000,  or  per  1,000,000  are  obtained. i  It 
is  much  to  be  desired  that  one  uniform  mode  should  be  definitively  adopted, 
in  order  to  avoid  the  confusion  which  at  present  undoubtedly  exists  m  this 
country. 

1.  Determination  of  the  Dissolved  Solids. 

(a)  Total  solids.— The  remark  already  made  about  suspended  matters  must 
be  attended  to  ;  if  possible,  obtain  a  clear  water  by  subsidence  rather  than  by 
filterSrtlrough  paper.    The  solids  are  determined  by  evaporation.    If  very 
Sood  scales  are  available,  200  C.C.  of  the  water  are  sufficient,^  if  the  scales 
Selnferior  500  or  1000  C.C.  of  the  water  must  be  taken ;  then  evaporate  to 
dlvness  wiih  a  moderate  heat,  taking  care  that  the  water  does  not  boil,  else 
thLe  maThe  loss  from  spurting.    If  the  smaller  quantity  be  taken  the  whole 
evanorTon  may  be  conducted  in  one  vessel  (of  platinum  if  possible) ;  but  if 
?Kr'er  amount  must  be  used,  the  evaporation  should  be  commenced  m  a 
wrefapor^^^^^   dish,  and  the  concentrated  water  and  deposit,  if  any,  tran  ■ 
large  eyapoicii  o  ,  ^  crucible.    The  transference  demands  great  care, 

rtttTone  oTL  so^^^^^^         remain  encrusted  in  the  evaporating  dish 
AllTe  contents  of  the  large  dish  being  t-f -^^^^^^^^^  ^^^^^ 

1  ,-v,  o-n  fn>  water  or  steam  bath,  at  212  J^ahr.  (iUU  U.>  weign 

TapJle Is  cold,  as  the  dried  mass  maybe  hygroscop^ 

...    ^  f  oi.=nl,itf>lv  essential.    Kubel  andTieraann  reject  both  Frankland's  and 

he  done,  it  is  at  present  a^^olf  "i^'^        to  modifications  of  the  permanganate  process. 

Wanklyn's  methods  as  ^^.^t";^^^^^^^^^^  Matter,"  later  on. 

trains  per  gallon  by  multiplying  by  -J.  v  E 

^  For  equivalents  of  the  metrical  weights,  ^^e  ^^P^J^J  .^^ch,  he  says,  evaporates  i« 

2  Wanklyn  recommends  a    '^-'';i'^^^^\fl''^^,  oi    Becker'of  Rotterdam  has  introduced 
one  hour.    This  is  too  small  a  quantity  to  woik  on. 
very  good  scales  at  a  low  price. 
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may  be  necessary  to  replace  it  in  the  bath  and  weigh  again  after  an 
interval  of  half  an  hour.  If  there  is  no  material  difi'erence  the  drying  is 
completed. 

Professor  Wanklyn  advises  a  very  simple  form  of  steam  bath.  A  common 
two-gallon  tin  can  is  taken,  a  perforated  cork  fitted  in  the  mouth,  and  a  funnel 
passed  through  the  perforation;  the  crucible  is  placed  in  the  funnel,  a  little 
roll  of  paper  being  placed  between  the  funnel  and  crucible  to  let  the  steam 
pass.    Water  is  boiled  in  the  tin  can. 

Bischof's  bird-fountain  apparatus  is  very  convenient  for  evaporation. 

Dr.  Frankland  recommends  that  the  heat  shall  not  be  carried  above  212° 
Fahr.  (100°  C),  while  some  chemists  advise  a  heat  of  over  300°  (148°  C). 
At  212°  (100°  C),  sufficiently  complete  drying  can  be  obtained  by  prolonged 
exposure,  whilst  at  the  higher  temperature  we  risk  destroying  the  organic 
matter. 

The  S.P.A.  recommend  evaporating  first  in  a  water  bath,  then  drying  the 
residue  at  220°.  Fa,hr.  (104°5  C.),  and  finally  cooling  under  a  dessicator.i  It 
would  be  well  not  to  exceed  220°  Fahr.  (104°  5.  C). 

The  determination  of  the  total  solids  is  an  important  point,  and  should  be 
carefully  done.  It  gives  a  control  over  the  other  quantitative  determina- 
tions, and  if  erroneous  may  make  the  other  conclusions  wrong. 

(b)  Fixed  solids. — Incinerate  the  dried  solids  at  as  low  a  heat  as  pos- 
sible ;  watch  the  process,  and  note  if  there  be  much  blackening,  or  if  any 
fumes  can  be  seen,  or  any  smell  be  perceived  as  of  burnt  horn.  A  piece  of 
filtering  paper  dipped  in  solution  of  potassium  iodide  and  starch,  and  then 
dried,  or  a  piece  of  ozone  paper,  should  be  held  over  the  crucible  to  detect 
any  nitric  oxide  which  may  be  given  ofi". 

(c)  Volatile  solids. — The  loss  on  ignition  may  be  stated  as  "  volatile  sub- 
stances." It  consists  of  destructible  organic  matters,  nitrates,  nitrites, 
ammoniacal  salts,  combined  water,  combined  carbonic  acid,^  and  sometimes 
chlorides.  The  variableness  of  the  composition  of  the  "  volatile  sub- 
stances "  has  led  to  the  disuse  of  the  process  by  ignition  as  too  uncertain. 
Combined  with  other  evidence  it  gives,  however,  some  useful  indications. 
The  incinerated  solids  may  be  examined  for  silica  and  iron,  as  hereafter 
noted. 

The  statement  of  the  results  may  be  given  in  various  ways,  as  before 
mentioned,  but  the  ratios  most  used  nowadays  are  parts  in  100,000  (equal 
to  centigrammes  per  litre)  or  grains  in  a  gallon  (equal  to  parts  in  70,000). 

Example  :  1.  Total  solids.— 200  C.Cs.  dried  as  described  : 

Weight  of  dish  and  residue,  .       .       .       19-27  grammes. 
„      of  dish  alone,    .       .       .       .  19-23 


Difference,       .       .  0*04 
being  grammes  of  total  solids  in  200  C.Cs.  of  water. 
To  bring  to  grammes  per  litre, 

0-04  X  5  =  0-20  =  grammes  per  litre. 

Shifting  the  decimal  point  two  places  to  the  right,  we  have  20  centi- 
grammes per  litre,  or  20  parts  in  100,000. 
To  bring  to  grains  per  gallon  : 

20  X  0-7  =  14-0  grains  per  gallon. 


1  Zu^^^^  recommends  150°  tc  180°  C,  equal  to  342°  to  354°  F 

2  This  may  be  partly  restored  by  adding  a  little  saturated  soluVinTi  nf  o^r,,    •  i 

and  then  drying  and  driving  off  the  excess  of  amraouia  °^  ammonium  carbonate, 
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2.  Fixed  solids.—ThQ  above  residue  is  incinerated,  and  the  CO2  restored 
to  the  earthy  carbonates  if  required. 

Weight  of  incinerated  residue  and  dish,  19-26 
„      of  dish  alone,    .       .       ,       .  19-23 

Difference,  being  grammes  of  fixed  solids 

in  200  C.C.  of  water,        .       .       .  0-03 
0-03  x.5  =  0-15  per  litre  =  15  parts  per  100,000. 
15;  X  '07  =  10-5  grains  per  gallon. 

3.  Volatile  solids : 

Parts  per  100,000.      Grains  per  gallon. 

Total  solids,  =  20-0  14-0 

Fixed  „  =  15-0  10-5 


Difference,  being  volatile  solids,       5*0  3-5 

2.  Determination  of  Chlorine. 

Chlorine  may  be  determined  very  rapidly  by  the  volumetric  method.  For 
this  purpose  a  solution  of  potassium  mono-chromate  and  a  standard  solution 
of  silver  nitrate  are  required.  ^ 

Take  100  C.C.  of  the  water  to  be  examined;  place  it  in  a  glass  vessel 
standing  on  a  piece  of  white  paper ;  add  1  C.C.  of  potassium  mono-chromate 
solution,  which  must  be  free  from  chlorine,  drop  in  the  silver  nitrate  from 
the  burette,  and  stir  after  each  addition.  The  red  silver  chromate  which  is  at 
first  formed  will  disappear  as  long  as  any  chlorine  is  present.  Stop  directly 
the  least  red  tint  is  permanent.  Neither  the  solution  of  silver  nor  the  water 
must  be  acid ;  if  the  latter  is  acid,  it  should  be  neutralised  with  a  little 
precipitated  carbonate  of  calcium.  The  number  of  C.Cs.  of  silver  solution 
used  gives  exactly  the  parts  of  chlorine  per  100,000  of  water.  To  bring 
to  grains  per  gallon,  multiply  by  0*7. 

Example. — In  100  C.C.  of  water,  1  C.C.  of  potassium  mono-chromate,  and 
1  '5  C.  G.  of  silver  solution  gives  a  permanent  red  tint,  therefore  the  water  con- 
tains 1*5  parts  per  100,000  of  chlorine;  1*5 -f- 0*7  =  1*05  grains  per  gallon. 

3.  Hardness. 

Clark's  very  useful  soap  test  offers  a  ready  mode  of  determining  this  in  a 
manner  quite  sufficient  for  hygienic  and  economic  purposes.  The  processes 
with  the  soap  test  may  be  divided  into  two  headings. 

I.  The  determination  of  the  aggregate  earthy  salts,  and  free  carbonic  acid, 
as  expressed  by  the  term  total  hardness.  The  aggregate  determination  can  be 
divided  into  two  kinds  of  hardness,  viz.,  that  which  is  unaffected  and  that 
which  is  affected  by  boiling,  and  these  are  termed  the  peynnanent  and  the 
removable  hardness. 

II.  The  determination  of  the  amount  of  certain  constituents,  as  the  lime, 
magnesia,  sulphuric  acid,  and  free  carbonic  acid.  These  results  are  only 
approximative,  especially  in  the  case  of  the  magnesia  ;  but  they  are  very  use- 
ful, as  they  give  us  enough  information  for  hygienic  purposes,  and  are  done 
in  a  very  short  time. 

Apparatus  and  reagent  required  for  the  Soap  Tes^.— Burette  divided  into 
tenths  of  a  cubic  centimetre;  measure  of  50  C.C.  or  100  C.C.  ;  stoppered 


1  For  the  preparation  of  the  solutions,  see  Appendix  A. 
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bottles  of  about  100  C.Cs.  (1  ounces)  capacity.  Standard  soap  solution,  1 
CO  =2-5  milligrammes  of  calcium  carbonate.^  _ 

'Rationale  of  the  Process.— When  an  alkaline  oleate  is  mixed  with  pure 
water  a  lather  is  given  almost  immediately ;  but,  if  lime,  magnesia,  iron,  baryta, 
alumiJia  or  other  substances  of  this  kind  be  present,  oleates  of  these  bases  are 
formed  'and  no  lather  is  given  until  the  earthy  bases  are  thrown  down.  Free 
(but  not  combined)  carbonic  acid  prevents  the  lather.    The  soap  combines  m 
equivalent  proportions  with  these  bases,  so  that  if  the  soap  solution  be  graduated 
I    by  a  solution  of  known  strength  of  any  kind,  it  will  be  (5f  equivalent  strength 
I    for  corresponding  solutions  of  other  bases.    There  are,  however,  one  or  two 
points  which  render  the  method  less  certain.    One  of  these  is,  that,  m  the 
I    case  of  mag-nesia,  there  is  a  tendency  to  form  double  salts  (Playfair  and 
'    Campbell),  so  that  the  determination  of  magnesia  is  never  so  accurate  as  m 
•  the  cases  of  lime  or  baryta.    Carbonic  acid  appears  to  anite  m_  equivalent  pro- 
portions when  it  is  passed  through  the  soap  solution  j  but  if  it  be  diffused  in 
water,  and  then  shaken  up  with  the  soap  solution,  two  equivalents  of  the  acid 
unite  ^vith  one  of  soap. 

To  avoid  the  repetition  of  the  term  "  tenth  of  a  centimeter,"  it  will  be  con- 
venient to  call  each  tenth  of  a  centimeter  one  measure,  and  this  precipitates 
0*25  of  a  milligramme  of  calcium  carbonate.^ 

Processes  with  the  Soap  Test. 

(a)  Determination  of  the  total  Hardness  of  the  Water. — Take  50  C.C.  of 
the  water ;  put  it  in  a  small  stoppered  bottle,  and  add  the  soap  solution 
from  the  burette;  shaking  it  strongly  after  each  addition  until  a  thin 
uniform  beady  lather  spreads  over  the  whole  surface  without  any  break. 
If  the  lather  is  permanent  for  five  minutes,  the  process  is  complete ;  if  it 
breaks  before  that  time,  add  a  drop  or  two  more  of  the  solution,  and  so 
proceed  until  a  lather  be  obtained  that  is  permanent  for  five  minutes. 

Then  read  off  the  number  of  measures  of  soap  solution  used. 

From  the  total  number  of  measures  (or  tenths  of  a  centimeter)  used,  deduct 
2,  as  that  amount  is  necessary  to  give  a  lather  with  50  C.C.  of  the  purest 
water,  and  this  deduction  has  to  be  made  in  all  the  processes.  The  soap 
solution  which  has  been  used  indicates  the  hardness  due  to  all  the  ingredi- 
ents which  can  act  on  it ;  in  most  drinking  waters  these  are  only  lime  and 
magnesian  salts,  iron,  and  free  carbonic  acid. 

The  amount  of  this  total  hardness  is,  for  convenience,  usually  expressed  in 
this  country  in  the  manner  proposed  by  Dr.  Clark,  i.e.,  though  dependent  on 
various  causes,  it  is  expressed  as  equivalent  to  so  much  calcium  carbonate  per 
gallon,  and  in  Clark's  scale  1  grain  of  calcium  carbonate  per  gallon  is  called  1 
degree  of  hardness. 

This  is  done  as  follows  : — 

Each  0"1  C.C,  or  in  other  words,  each  measure,  of  our  soap  solution  corre- 
sponds to  -25  mgm.  of  calcium  carbonate.  Multiply  this  co-efficient  by 
the  number  of  measures  of  soap  solution  used,  and  the  result  is  the  hardness 
of  50  C.C.  of  water  expressed  as  calcium  carbonate.  Then,  as  we  have  acted 
on  one-twentieth  of  a  litre,  multiply  by  20  to  give  the  amount  per  litre,  and 
then  by  O'OT  to  bring  the  amount  to  grains  per  gallon. 

Example. — A  lather  was  given  with  3*2  C.C,  or  3^  measures  of  the  soap 


1  The  soap  solution  here  recommended  was  suggested  by  Surgeon-Major  Nicholson,  formerly 
R.A.,  see  Appendix  A. 

2  A  weaker  solutioji  is  often  used,  see  Appendix  A. 
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solution.  (32  -  2)  X  -25  x  20  x  0-07  =  10-5  grains  of  calcium  carbonate  per 
gallon, 

Hardness  expressed  as  calcium  carbonate  =  10° -5  Clark's  scale. 

(viz.,  r=  1  grain  of  CaCOg  per  gallon). 

The  same  result,  viz.,  grains  per  gallon)  is  obtained  if  the  number  of 
measures  (less  2)  is  multiplied  by  -35  ;  thus,  32  measures  were  used. 

(32  -  2)  X  •35  =  10-5. 

The  hardness  is  also  often  expressed  on  the  metrical  sj^stem,  as  parts  in 
100,000.  This  is  easily  done  by  taking  one-half  of  the  measures  of  soap 
used,  after  deducting  2  for  the  lather.  Thus,  in  the  previous  example,  32 
measures  were  used: — deduct  2,  there  remain  30;  30-^-2  =  15  degrees  of 
hardness  on  the  metrical  scale,  or  per  100,000.  ° 

To  convert  metrical  degrees  into  Clark's  scale,  multiply  by  0  7;  to  convert 
Clark's  scale  into  metrical  degrees,  divide  by  0-7. 

If  the  hardness  of  the  water  exceeds  40  measures  of  the  soap  solution,  25 
C.C.  of  water  only  should  be  taken,  and  25  C.C.  of  distilled  water  added. 

The  result  must  then  be  multiplied  by  2. 

(h)  The  Permanent  or  Fixed  Hardness. — Boil  a  known  quantity  in  a 
flask  briskly  for  half  an  hour,  and  replace  the  loss  by  distilled  water  from 
time  to  time ;  allow  it  to  cool  down  to  60°Fahr.  (15° -5  C.)  in  the  vessel,  which 
should  be  corked,  and  determine  hardness  in  50  C.C.  If  distilled  water  is 
not  procurable,  then  boil  200  C.C.  down  to  100  ;  take  half  the  remainder  = 
(100  of  unboiled  water)  and  determine  hardness.^  After  deducting2  measures, 
divide  the  number  of  measures  by  2  for  the  hardness  of  50  C.C,  and 
calculate  as  usual 

By  boiling,  all  carbonic  acid  is  driven  off ;  all  calcium  carbonate,  except  a 
small  quantity,  is  thrown  down ;  the  calcium  sulphate  and  chloride  are  not 
affected  if  the  evaporation  is  not  carried  too  far ;  the  magnesium  carbonate 
at  first  thrown  down  is  re-dissolved  as  the  water  cools.  If  iron  is  present, 
most  of  it  is  thrown  down. 

Example. — Before  boiling,  32  measures,  and  after  boiling  13  measures,  of 
the  soap  solution  were  used. 

(13  -  2)  X  -25  X  20  X  0-07  =  3-85  degrees  of  Clark's  scale. 
13  —  2  (  =  ll)-f2  =  5'5  degrees  of  the  metrical  scale. 

(c)  Removable  Hardness. — The  difference  between  the  total  and  the  per- 
manent hardness  is  the  temporary  or  removable  hardness,  which  in  the  example 
would  be  10-5  -  3-85  =  6-65  degrees  of  Clark's  scale,  and  15 -5-5  =  9-5  de- 
grees of  the  metrical  scale. 

The  amount  of  permanent  hardness  is  very  important,  as  it  chiefly 
represents  the  most  objectionable  earthy  salts — viz.,  calcium  sulphate  and 
chloride,  and  the  magnesian  salts.  The  greater  the  permanent  hardness,  the 
more  objectionable  is  the  water.  The  permanent  hardness  of  a  good  water 
should  not,  if  possible,  be  greater  than  3°  or  4°  of  Clark's  scale. 

The  determination,  then,  of 

1.  The  total  hardness, 

2.  The  pei-manent  ov  fixed  hardness, 

3.  The  temporary  or  removahle  hardness, 

will  enable  us  to  speak  positively  as  the  hygienic  characters  of  a  water,  so 
far  as  earthy  salts  are  concerned. ^ 

1  If  there  is  much  fixed  hardness  this  process  is  hardly  available. 

2  Determination  of  Certain  Constituents  by  Soap.— In  many  cases  the  analysis  must  end 
with  the  above  processes;  but  it -may  be  desirable  to  carry  it  further,  and  to  determine  the 
amount  of  some  ingredients  ;  for  example,  lime,  magnesia,  sulphuric  acid,  carbonic  acid. 
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4.  Determination  of  the  Organic  Matters  and  their  Products  in  Water, 

As  already  stated,  the  determination  of  organic  matter  in  water  is  difficult, 
and  many  processes  have  been  proposed.  Some  are  obviously  out  of  the 
question  for  medical  officers,  save  in  exceptional  circumstances.  Those, 

An  approximate  estimate  can  be  given  of  several  of  these  ingredients  by  the  soap  test 
whtch  Efficient  for  hygienic  pnrpos'es  ;  and  any  one  who  has  le-^^rt  tails  ^   ^  ^ 

the  hardness  of  a  water  will  be  able  to  carry  on  the  process  into  finer  details 

Livie  by  the  Soap  Test-Messrs.  Boutron  and  Boudet  have  proposed,  after  detei raination  ot 
totti  imrdness,  to  precipitate  the  lime  by  ammonium  oxalate  -"^^.^^^^  *° 
ness  again.    The  difference  will  be  owing  to  lime  removed     The  difficulty  here  is  to  add 
enou-h,  and  not  too  much,  of  ammonium  oxalate,  which  itself  in  excess  gives  haidness 

The  best  way  to  perform  this  process  is  to  have  a  perfectly  concentrated  c  ear  solution 
of  ammonium  oxalate,  and  to  add  to  50  CO.  of  water  1  drop  for  every  4  mea  ures  of  soap 
solution  used;  then  in  other  bottles,  to  add  respectively  1,  2  and  3  ^^™ps  more  T^^^^^ 
determine  hardness  of  all  the  bottles,  and  select  the  result  which  gives  the  least  hardness^ 
In  this  way  we  can  hit  on  the  bottle  which  contains  enough,  but  not  too  much  ammonium 
oxalate.  The  water  need  not  be  filtered,  but  it  should  be  allowed  to  stand  at  least  for  thiee 
or  four  hours  or,  better  still,  twenty-four  hours,  before  the  hardness  is  taken.  ^ 

Then  multiply  the  difference  between  the  total  hardness  and  the  hardness  after  the  adaition 
of  the  oxalate  by  the  co-efficient  for  lime  ;  this  is  -14  of  a  miligi-amme,  as  each  measure  ot  the 
soap  solution  is  equivalent  to  this  amount  of  lime. 

JExaniple.— Total  hardness,  •  "  '  '  in 

After  lime  precipitated,     .  .  .  •  i" 

Difference,  .  .  .         •  22 

22  measures  X  •14x2=6-16  parts  of  lime  per  100,000  and  6-16  x  0-7=4-312  grains  per  gallon. 
Or  multiply  the  number  of  measures  by  0-28,  this  gives  parts  per  100,000 ;  or  by  '196,  the 
result  is  grains  per  gallon.    If  carefully  done,  this  result  will  be  near  the  truth. 

Magnesia  by  the  Soap  Tesi!.— Boutron  and  Boudet  propose  to  determine  the  magnesia  by 
boilintf  the  water  from  which  the  lime  has  been  thrown  down.  All  usual  elements  of  hard- 
ness, except  the  magnesia,  are  thus  got  rid  of.  This  is  by  uo  means  so  accurate  a  procsss  as 
that  of  the  lime  ;  the  lather  is  formed  much  less  perfectly  and  sharply,  and  in  addition  the 
constitution  of  the  magnesia  and  soap  compound  is  variable,  The  result  must  be  considered 
as  (juite  approximative,  but  may  sometimes  be  rendered  more  accurate  by  diluting  with  dis- 
tilled water. 

Take  200  C.C.  of  water  ;  add  to  it  the  number  of  drops  of  solution  of  ammonium  oxalate 
Imown  to  be  sufficient  by  the  lime  experiment ;  allow  to  stand  for  twenty-four  hours  ;  filter, 
boil  for  half  an  hour,  replace  loss  by  distilled  water  ;  allow  to  cool  in  the  vessel,  which  should 
be  well  corked,  and  determine  harclness  in  50  C.C. 

As  the  lime  has  been  thrown  down  and  all  iron  removed,  and  carbonic  acid  driven  off,  the 
hardness  is  owing  to  maguesian  salts  of  some  kind. 

Calculate  as  magnesia,  the  co-efficient  of  which,  for  each  measure  of  soap  solution,  is  -1,  or, 
as  magnesium,  the  co-efficient  of  which  is  '06. 

Example.— B-^ixAness,  after  driving  off  carbonic  acid  by  boiling  and  precipitating  lime =7 

(7  -2)  X  -1  x  2=1-0  part  of  magnesia  per  100,000  1-0  x  0-7=0-7  gi-ain  per  gallon. 
Or  multiply  the  number  of  measures  by  0-2,  the  result  is  parts  per  100,000  :  or  by  -14  ;  the 
result  is  grains  per  gallon. 

Although  this  result  is  approximative,  it  is  really  nearer  the  truth  than  the  determination  by 
weighing  in  the  hands  of  a  beginner. 

Free  Carbonic  Acid  by  the  Soap  Test.— In  order  to  get  rid  of  the  fallacy  from  free  carbonic 
acid  acting  on  the  soap,  Clark  recommended  that  the  water  should  be  well  shaken  in  a  bottle, 
so  as  to  disengage  some  of  the  CO2,  and  then  that  the  air  should  be  sucked  out.  But  this 
does  not  entirely  remove  the  carbonic  acid. 

By  the  soap  test  the  free  carbonic  acid  can  be  determined  in  the  following  way  Throw 
down  all  the  lime  carefully  by  ammonium  oxalate,  without  adding  an  excess,  and  determine 
the  hardness  in  50  C.C.  as  usual.  The  hardness  will  be  owing  to  magnesian  salts,  iron,  if  it 
exists  (or  alumina  or  baryta  in  mineral  waters),  and  carbonic  acid.  If  now,  the  water,  freed 
from  lime,  be  boiled,  and  the  loss  of  water  replaced  by  distilled  water,  the  carbonic  acid  will 
be  driven  off.  The  hardness  should  be  then  again  determined.  The  difference  between  the 
first  and  second  trials  will  (if  no  iron  exist  in  the  water)  give  the  amount  of  soap  solution 
which  had  been  previously  acted  on  by  the  carbonic  acid. 

Example. — 1.  Total  magnesian  and  carbonic  acid  hardness,    =  12  measures. 
2.  Magnesian  hardness,    .         .  .  •  =  7 

Carbonic  acid  hardness,         .         .  =    5       ^ , 
1  measure  of  soap  sol.  corresponds  to  -22  milligrammes  carbonic  acid.  Therefore, 
•22  x  5  X  20  X  0-07  =  1-54  grains  per  gallon. 


84 


WATElt. 


therefore,  are  described  here  which  are  not  only  likely  to  give  sufficient 
infortaation  for  hygienic  purposes,  but  also  to  be  within  the  range,  for  the 
most  part,  of  the  medical  officer's  appliances — 

The  analysis  may  be  considered  under  two  heads — 

(A)  The  determination  of  nitrogenous  organic  matters  and  their  products. 

(B)  The  determination  of  oxidisaUe  organic  matter,  probably  chiefly  non- 

nitrogenous. 

As  2116  cubic  inches  weigh  one  grain,  multiply  the  number  of  grains  by  2-116  to  bring  into 
cubic  inches  per  gallon. 

1-54  x2'116=3-25  cubic  inches. 

Or,  to  shorten  the  calculation,  multiply  the  number  of  measures  of  soap  solution  by  "65  ;  the 
result  is  the  amount  of  cubic  inches  per  gallon. 

5  X  '65 =3 '25  cubic  inches  i^er  gallon. 

To  state  the  result  in  the  metrical  system,  multiply  the  measures  of  soap  by  0-233 ;  this 
gives  the  volumes  of  CO2  in  100  volumes  of  the  water ;  or,  multiply  by  233,  which  gives  the 
volumes  in  100,000  vols,  of  water. 

If  much  iron  exists  in  the  boiled  water,  it  must  be  determined,  and  its  amount  deducted ; 
one  measure  of  soap  solution  corresponds  to  -14  milligrammes  of  iron  (Fe). 

Determination  of  Lime  and  Magnesia  hy  Weight. 

It  may  be  desired  to  determine  the  lime  and  magnesia  by  weight,  and  the  following  processes 
can  then  be  used  : — 

Lime  by  weight. — Take  a  known  quantity  of  water ;  add  ammonium  oxalate,  and  then 
ammonia  enough  to  give  an  ammoniacal  smell.  Allow  precipitate  thoroughly  to  subside,  and 
then  wash  by  decantation,  or  by  throwing  the  precipitate  on  a  small  filter  of  Swedish  paper, 
the  weight  of  the  ash  of  which  is  knovm.  Decantation  is  recommended.  If  a  filter  is  used, 
wash  precipitate  on  filter;  dry ;  scrape  precipitate  from  filter,  and  place  in  a  platinum  crucible ; 
burn  filter  to  an  ash,  by  holding  it  in  a  strong  gas  flame,  and  place  it  also  in  the  crucible. 
Heat  the  crucible  to  gentle  redness  for  fifteen  minutes,  moisten  with  a  little  water,  and  test 
with  turmeric  paper.  If  no  reaction  is  given,  the  process  is  done.  If  the  paper  is  browned 
(showing  presence  of  caustic  lime),  recarbonate  with  ammonium  carbonate,  drive  off  excess  of 
ammonia,  dry,  and  weigh. 

The  substance  weighed  is  calcium  carbonate,  multiply  by  -56,  and  the  result  is  lime. 

Mohr's  plan  might  also  be  used,  viz.,  precipitation  of  the  lime  in  an  ammoniacal  solution 
by  standard  oxalic  acid,  and  then  titration  of  the  excess  of  the  latter  by  permanganate. 

Magnesia  hy  weight.— Take  the  water  from  which  the  lime  has  been  thrown  down  ;  evapo- 
rate to  a  small  bulk ;  filter  if  there  be  turbidity ;  add  solution  of  ammonium  chloride,  and 
ammonia  to  slight  excess  ;  then  add  a  solution  of  sodiimi  phosphate  ;  stir  with  a  glass  rod ; 
set  aside  for  twelve  hours  ;  throw  precipitate  on  a  filter,  carefully  detaching  it  from  the  sides 
of  the  glass  ;  wash  with  ammoniacal  water  ;  dry  ;  incinerate  in  an  intense  heat ;  weigh,  taking 
care  to  deduct  the  ash  of  the  filter  known  by  previous  experiment.  The  substance  is  mag- 
nesium pyrophosphate  ;  multiply  by  -36036  to  get  the  amount  of  magnesia. 

Sulphuric  Acid  by  Weight.— Take  a  known  quantity  of  the  water  (500  to  1000  C.C.),  acidify 
with  hydrochloric  acid  and  evaporate,  but  not  so  far  as  to  run  any  risk  of  throwing  down 
sulphate  of  calcium  ;  filter  ;  and  then  add  chloride  of  barium  ;  allow  to  stand,  and  wash  the 
precipitate  by  decantation  ;  dry  ;  weigh  ;  multiply  precipitate  by  -34305  to  get  the  amount 
of  sulphuric  anhvdride  (SO3)  or  by  -411,  if  it  is  wished  to  calculate  it  as  SO4. 

Sulphuric  Acid  by  Soap  Test.— This  plan  was  proposed  by  Boutron  and  Boudet,  and  is 
briefly  as  follows  :— The  hardness  of  the  water  being  known,  50  C.C.  of  the  standard  barytic 
solution  (-26  grammes  per  litre)  are  added  to  50  C.C.  of  water,  and  the  mixture  is  allowed  to 
stand  for  twenty- four  hours.  The  hardness  (supposing  no  SO4  were  present)  would  be  exactly- 
equal  to  the  original  hardness  of  the  water  and  of  the  barytic  solution  combmed.  But  SO4 
bemg  present,  barium  sulphate  is  precipitated,  and  there  is  a  loss  of  hardness.  Each  degree  of 
loss  equals  -24  mgm.  of  sulphur  tetroxide  (SO4). 

^im??ip^e.— Original  hardness,     •         ■         •         •         •  ^ 
50  C.C.  barytic  solution,      •         '         '         *  _ 

54 

After  precipitation,   .         .         •         •  • 

DiffcTBUCG  •         •         •         "  ^ 

•24  X  9  X  2=4-32  parts  per  lOO^OOO  ;  4-32  x  0-7=3-02  grains  per  gallon. 
Usually  this  process  gives  good  results.    Occasionally,  fi'om  some  cause  which  is  not  clear 
the  barium  sulphate  does  not^^recipitate.    This  does  not  depend  on  the  f *  ^^^^^^^l 
acid.   The  ease  with  which  this  process  is  done  renders  it  usefuh    The  barj  tic  sol  tion  s 
only  strong  enough  to  precipitate  6-72  grains  of  sulphuric  acid  (SO4)  per  gallon,  so  that  halt 
the  water  only  must  I e  taken,  or  less,  if  the  sulphuric  acid  be  evidently  in  arge  amount. 

Short  factors :  for  iiO,= 0-280,  for  S04= 0-336  to  state  as  grains  per  gallon  ;  for  SO3-O4U 
for  SO4=0  48  to  state  as  parts  per  100,000. 
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(A)  Includes —  .  7.7 

(a)  The  determination  of  the  free,  sahne,  or  combined  ammonia. 

of  the  (so-called)  albuminoid  ammonia. 
(^Q^  ..  of  the  nitric  acid. 


(d) 


of  the  nitrous  acid. 


(B)  Includes —  .  1  4.1, 

(e)  The  determination  of  the  oxidisaUe  organic  matter  by  the  perman- 
ganate processes. 

(A)  Determination  of  the  Nitrogenous  Organic  Matters  and  their  Products. 

Deteimination  of  the  Free  and  Albuminoid  Ammonia.— ^ot:  this  analysis 
we  require  1—1.  A  standard  solution  of  ammonium  chloride,  1  C.C.  of  which 
=  0-01  of  a  milligramme  of  ammonia  (NHg);  2.  Nessler's  solution  as  a 
reagent  for  the  detection  of  ammonia;  3.  A  solution  of  potassium  per- 
manganate and  caustic  potash ;  4.  Pure  distilled  water. 

{a)  Free  Ammonia. 

Place  in  a  retort  250  C.C.  of  the  water  to  be  examined.  Attach  the  retort 
to  a  Liehig's  condenser,  and  distil  off  about  130  C.C.  ;  collect  1_  C.C. 
more  of  the  distillate,  and  test  it  with  a  few  drops  of  Nessler,  to  see  if  any 
ammonia  is  still  coming  over;  if  so,  the  distillation  may  be  continued 
longer.  Carefully  measure  the  amount  of  distillate ;  test  a  little  with  Nessler's 
solution  in  a  test-tube;  and,  if  the  colour  be  not  too  dark,  take  100  C.C.  of 
the  distillate  and  put  it  into  a  cylindrical  glass  vessel,  placed  upon  a 
piece  of  white  paper.  Add  to  it  1|  C.C.  of  Nessler.  Pour  into  another 
similar  cylinder  as  many  C.C.  of  the  standard  ammonium  chloride  solution 
as  may  be  thought  necessary  (practice  soon  shows  the  amount),  and  fill 
up  to  100  C.C.  with  pure  distilled  water:  drop  in  1|  C.C.  of  Nessler.  If 
the  colours  correspond  after  three  to  five  minutes,  the  process  is  finished,  and 
the  amount  of  ammonium  chloride  used  is  read  ofi".  If  the  colours  are  not 
the  same,  add  a  little  more  ammonium  chloride  so  long  as  no  haze  shows 
itself ;  if  it  does,  then  a  fresh  glass  must  be  taken,  and  another  trial  made. 
When  the  process  is  completed  read  0^  the  number  of  C.C.  of  ammonium 
chloride  used,  allow  for  the  portion  of  distillate  not  used,  multiply  by  0*01 
and  then  by  4  :  the  result  is  milligrammes  of  free  ammonia  per  litre,  or 
parts  per  million ;  dividing  by  10  gives  parts  100,000;  multiply  the  latter 
by  0*7  to  bring  to  grains  per  gallon. 
^Example. — Prom  250  C.C.  of  water  133  were  distilled;  100  C.C.  were 
taken  for  the  experiment;  4 '5  C.C.  of  ammonium  chloride  solution  were 

133 

required  to  give  the  proper  colour;   then  4*5  x  ^—  x  O'Ol  x  4  =  0-2394 

milligrammes  of  free  ammonia  per  litre;  0*2394 10  =  0-02394  per  100,000. 

Should  the  colour  of  the  distillate  prove  too  dark,  a  smaller  quantity  may 
be  used,  and  made  up  to  100  C.C.  with  distilled  water.  "VYanklyn  recom- 
mends distilling  only  50  C.C,  Nesslerising  it,  and  then  adding  one-third  to 
the  result,  on  the  ground  that  (as  he  says)  three-fourths  of  the  ammonia  come 
off  in  the  first  50  C.C.  He  also  states  that  with  smaller  sized  aj)paratus  100 
C.C.  of  water  give  satisfactory  results.^  The  Society  of  Public  Analysts 
recommend  successive  portions  being  distilled  over,  and  Nesslerised  until 
ammonia  ceases  to  appear.  Practically  we  have  found  at  Netley  that  the 
whole  of  the  ammonia  comes  over  in  the  first  130  C.Cs.,  or  nearly  so. 

1  For  these  solutions ,  see  Appendix  A. 

2  Water  A  nalysis,  5th  edition,  p.  41, 
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The  use  of  permanent  coloured  solutions,  corresponding  with  known 
amounts  of  ammonia,  has  been  recommended,  and  caramel  has  been  tried  at 
Netley,  but  the  results  have  not  been  very  satisfactory.  A  colorimeter  may 
be  used  if  preferred. 

When  a  Liebig's  condenser  cannot  be  obtained,  a  flask  may  be  used  instead 
of  a  retort,  and  the  distillate  conveyed  to  the  receiver  by  a  tube  of  glass  (or 
block  till)  passing  through  a  vessel  of  cold  water,  which  must  bo  renewed 
from  time  to  time.  The  tube  may  be  bent  in  any  convenient  way  so  as  to 
expose  it  to  the  cooling  water  as  much  as  possible.  Every  part  of  the 
apparatus  must  be  scrupulously  clean  and  well  washed  with  distilled  water 
previous  to  commencing  the  experiment.  The  S.  P.  A.  recommend 
that  the  retort  tube  should  be  packed  into  the  condensing  tube  by  means 
of  an  india-rubber  ring ;  or  it  may  be  done  with  clean  wTiting-paper,  as 
Wanklyn  proposes.  In  either  case  the  substance  used  must  be  quite  clean. 
It  is  well  to  wash  the  retort,  flask^  and  glass  tubes  Avith  dilute  sulphuric 
acid,  and  then  rinse  them  out  clean  with  distilled  water.  In  distilling, 
the  retort  should  be  thrust  well  into  the  flame,  and  the  distillation  carried  on 
rapidly.  If  the  water  is  very  soft  the  addition  of  a  little  pure  or  recently 
heated  sodium  carbonate  may  be  made,  but  in  ordinary  circumstances  it 
is  not  necessary,  and  is  not  advisable. 

The  "  free  "  or  "  saline  ammonia  "  represents  the  ammonia  combined  with 
carbonic,  nitric,  or  other  acids,  and  also  what  may  be  derived  from  urea,  or 
other  easily  decomposable  substances,  if  they  are  present.  The  limit  in  good 
waters  is  taken  at  0*02  milligrammes  per  litre ;  in  bad  Avaters  it  often 
reaches  100  times  this  and  more.^ 

After  the  distillation  of  the  free  ammonia,  the  residue  of  the  water  in  the 
retort  is  used  for  determining  the  alhinninoid  ammonia,  to  be  now  described. 


(h)  Albuminoid  Ammonia. 

The  object  of  this  process  is  to  get  a  measure  ot  the  nitrogenous  organic 
matter  in  water,  by  breaking  it  up  and  converting  the  nitrogen  into  ammonia 
by  means  of  potassium  permanganate  in  presence  of  an  alkali ;  the  ammonia 
can  be  distilled  off  and  estimated  as  above.  It  is  to  be  understood  that  this 
does  not  deal  with  all  the  nitrogenous  matter,  but  the  results  are  sufficiently 
uniform  to  be  useful.  According  to  Wanklyn  and  Chapman,  the  albuminoid 
ammonia  multiplied  by  10,  gives  a  fair  approximate  estimate  of  the  nitrogenous 
matter  in  water. 

Process.  25  C.C.  of  the  solution  of  alkaline  permanganate  ^  are  added  to 

the  residue  in  the  retort,  after  the  distillation  of  the  free  ammonia,  and  about 
110  to  120  C.C.  distilled  off.  It  is  sometimes  convenient  to  add  a  little  pure 
distilled  water  to  the  residue  if  the  first  distillation  has  been  carried  rather 
far.  Wanklyn  recommends  successive  quantities  of  50  C.C.  to  be  distilled 
off  and  tested  until  no  more  ammonia  comes  over.  Determine  the  amount  of 
ammonia,  as  was  done  in  the  case  of  the  free  ammonia,  and  state  the  results 
in  this  case  as  albuminoid  ammonia.  In  this  distillation  there  is  sometimes 
a  little  difficulty  caused  by  "bumping,"  especially  in  the  case  of  bad  waters ; 
to  remedy  this  it  has  been  recommended  to  use  pieces  of  tobacco  pipe 
which  has  been  heated  to  redness  immediately  before  use.  It  is  better,  how- 
ever, to  dilute  the  water  if  it  be  a  bad  one,  and  not  to  distil  too  rapidly. 


1  Wanklyn's  Water  Analysis,  5th  edition,  p.  48. 

2  See  Appendix  A. 
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(c)  Nitric  Acid. 

Nitric  acid  may  be  determined  in  several  ways,  but  two  seem  more 
easily  applicable  than  the  others,  viz.,  1.  Schulze's  aluminium  method 
(modified  by  Wanklyn  and  Chapman);  and  2.  The  copper-zinc  process. 
Both  methods  depend  upon  the  conversion  of  the  nitric  acid  into  ammonia. 

1.  Aluminium  process.— We  require  solution  of  caustic  soda,  perfectly  tree 
from  nitrates,  and  aluminium  foil.i  loO  C.C.  of  the  water  (50  C.C. 
S  P.  A.)  are  mixed  with  an  equal  bulk  of  the  soda  solution,  and  put 
into  a  retort,  and  a  piece  of  aluminium  foil,  larger  than  is  capable  ot 
dissolving,  added.  The  tube  is  well  corked,  and  the  mixture  left  for  several 
hours.  The  liquid  is  then  distilled  and  Nesslerised;  or,  if  the  quantity  ot 
ammonia  be  very  large,  it  may  be  determined  with  a  standard  acid  solution. 
Precautions  are  suggested  for  the  prevention  of  the  escape  of  ammonia  or  the 
access  of  ammonia  from  the  air,  but  with  a  good  cork  they  are  hardly  requHed 

2.  Copper-zinc  process.— A  wet^  copper-zinc  couple  is  prepared,  and  well 
washed  with  distiUed  water,  and  afterwards  with  some  of  the  water  to  be 
examined.  To  use  it,  put  it  into  a  wide-mouthed  stoppered  bottle,  and 
pour  in  100  C.C.  of  the  water  to  be  examined;  it  is  best  to  fill  the  bottle 
up,  and  to  add  1  per  1000  of  sodium  chloride,  especially  if  the  water  be  very 
soft.  The  stopper  is  inserted,  and  the  whole  put  aside  for  several  liours, 
—ten  or  twelve  if  the  temperature  be  below  30°C.  (86°Fahr.);  but  the  pro- 
cess may  be  hastened  by  warming  up  to  32°  to  38°  C.  (90°  to  100°  lahr.). 
The  completion  of  the  process  may  be  ascertained  by  the  absence  of 
nitrous  acid,  when  tested  for  by  Griess's  test.  The  water  is  now  to_  be 
Nesslerised,  which  can  rarely  be  done  properly  except  after  distillation, 
as  iu  the  former  process. 

The  calculation  is  made  by  calculating  out  the  resulting  ammonia  as 
nitrogen  or  as  nitric  acid, — the  following  being  the  co-efficients  : — 

1  part  of  NH3=  3-706  of  nitric  acid,  HN03  =  3-647  of  nitrogen  hexoxide, 
N03  =  3-176,  nitrogen  pentoxide,  N2Of,  =  0'8235  nitrogen,  K 

It  is  necessary  to  take  into  account  any  nitrous  acid  or  ammonia  (free  or 
saline)  which  may  be  present,  and  may  have  been  previously  determined. 
Nitrous  acid  (HNO2)  is  to  ammonia  (NH3)  as  2-765  to  1  ;  or,  if  nitrogen 
tetroxide  be  taken  (NOo),  then  it  is  to  ammonia  (NR^)  as  2-706  to  1. 

jExctmple.— 100  C.C." of  water  yielded  0-3371  milligrammes  of  NHg  after 
treatment  by  either  of  the  above  processes  for  the  reduction  of  nitrates  ;  this 
was  equal  to  3-371  per  litre.  But  the  sample  had  also  yielded  0*052  of  free 
ammonia,  and  1-27  of  nitrous  acid,  reckoned  as  NOg;  the  latter,  1-27,  divided 
by  2-706,  being  equivalent  to  0-469  of  NH3 ;  we"  therefore  have 

3-371  -  (0-052-f  0-469)  =  2-850  ammonia  from  nitric  acid 


2-850  X  3-706  =  10-562  HNO3 
2-850  X  3-647  =  10-394  NO3 


2-850  X  3-176  =9-052  N2O5 
2-850  x  0-8235  =  2-347  K 


Dividing  these  numbers  by  10,  we  have  parts  per  100,000,  and  multiplying 
this  result  by  0-7,  we  have  grains  per  gallon.  The  statement  of  the  result  as 
nitrofjen  is  now  becoming  very  general. 


1  See  Appendix  A. 

2  In  Frankland's  Water  Analysis,  p.  100,  the  directions  given  are  for  a  dnj  couple,  -wliich 
appears  to  be  an  error.  See  M.  W.  Williams,  Analyst,  vol.  vi.'.p.  36.  For  preparation,  see 
Appendix  A. 
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{d)  Nitrous  Acid. 

For  the  direct  determination  of  this  the  plan  of  Griess  is  now  recom- 
niended.  A  sohition  of  metaphenylenediamine  is  prepared,  and  ako  a 
dilute  sulphuric  acid,  consisting  of  one  volume  of  strong  acid  to  two  of 
water.  One  C.C.  of  each  solution  is  added  to  100  C.C.  of  the  water  to 
he  examined,  which  is  put  in  a  Nessler  glass  :  a  red  colour  is  produced. 
Another  glass  is  placed  alongside,  and  into  it  are  put  as  much  of  a  standard 
solution  of  potassium  nitrite  as  may  be  necessary,  making  up  the  bulk  to  106 
C.C.  with  distilled  water;  then  add  1  C.C.  each  of  the  sulphuric  acid  and  the 
metaphenylenediamine.  The  remainder  of  the  process  is  carried  on  much  in  the 
same  way  as  ordinary  Nesslerising  for  ammonia.  Care  must  be  taken  that  the 
water  originally  taken  is  not  too  strong,  so  if  the  red  colour  be  too  deep, 
smaller  portions  diluted  up  to  100  C.C.  must  be  taken,  until  the  faintest  tint 
distinctly  recognisable  is  obtained.  The  standard  potassium  nitrite  ^  should 
be  of  the  strength  1  C.C.  =0-01  milligramme  of  NO2,  or  nitrogen  tetroxide. 
The  number  of  C.C.  used  gives  the  milHgrammes  of  present  in  the 
sample  of  water. 

Example. — A  sample  of  water  containing  a  good  deal  of  nitrous  acid  was 
taken,  and  25  C.C,  made  up  to  100  C.C.  with  pure  distilled  water,  were  put 
in  a  ifessler  glass.  1  C.C.  of  the  sulphuric  acid  and  1  C.C.  of  the  solution 
of  metaphenylenediamine  added  :  a  distinct  red  colour  was  obtained.  Into 
another  Nessler  glass  7-5  C.Cs.  of  the  standard  potassium  nitrite  were  put, 
made  up  to  100  C.C.  with  distilled  water,  and  the  same  shade  of  tint 
obtained  with  the  solutions  as  above. 

Mgm. 

7-5  X  -01  =  0-075  NO2  in  25  C.Cs. 
0-075  X  4  =  0-300  NO2  in  100  C.Cs. 

This  equals  0'3  in  100,000  or  0-21  in  1  gallon ;  multiplying  any  of  these 
results  by  0-304,  gives  the  amount  of  nitrogen  (N). 

The  above  is  now  accepted  as  the  most  accurate  method  of  detennining 
nitrites,^  but  some  care  is  required, — for  both  the  water  and  the  colouring 
solution  must  be  either  colourless  or  be  decolorised.  It  may  not  be  always 
possible  to  get  the  reagents,  and  then  it  is  best  to  fall  back  upon  the  determina- 
tion of  nitrous  acid  by  the  permanganate  process  to  be  presently  described. 

It  may  be  well  to  mention  here  that  the  method  of  stating  the  results  varies, 
as  in  the  case  of  nitric  acid,  some  reckoning  as  HNOg,  some  as  I^2^3» 
others  as  '^0^'    The  last  is  the  best,  as  it  corresponds  to  CI.    In  the  same 
way  NOg  is  to  be  preferred  for  the  nitric  acid,  SO^  for  the  sulphuric  acid,  and 
PO4  for  the  phosphoric  acid. 

(B)  Determination  of  Oxidisable  Matter  in  Water: 

The  oxidisable  matter  in  water  consists  of  oxidisable  organic  matter,  nitrites, 
ferrous  salts,  and  hydrogen  sulphide.  The  last  can  be  easily  recognised  by 
the  smell,  and  got  rid  of  by  gently  warming  the  water.  Eerrous  salts  are 
rare,  but,  if  present,  they  impart  a  distinct  chalybeaie  taste  to  the  water  if 
their  amount  reaches  the  fifth  of  a  grain  of  iron  per  gallon  (about  0-3  parts  per 
100,000).  Generally  their  presence  may  be  disregarded.  There  remain, 
therefore,  the  oxidisable  organic  matter,  and  nitrous  acid  as  nitrites.  For 
determining  these  the  potassium  permanganate  is  very  convenient. 

(e^)  Total  Oxidisable  Matter  in  terms  of  Oxygen  required  for  its  Oxidation. 

1  For  the  preparation  of  the  sohitions,  see  Appendix  A. 

8  See  Frankland,  Water  Analysis,  p.  40,  also  M.  W.  Williams,  in  Analyst,  vol.  vi.  p.  36. 
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—  A.  solution  of  potassium  permanganate  is  required,  which  in  presence  of 
antacid  is  capable  of  yielding  O'l  milligramme  of  oxygen  for  each  C.C.  _ 

Process— Take  a  convenient  quantity  of  the  water  to  be  examined, 
say  250  C.C;  add  3  C.C  of  sulphuric  acid;  drop  in  the  permanganate 
solution  from  a  burette  until  a  pink  colour  is  established ;  warm  the  water  up 
to  140°  Fahi\  (60°  C),  dropping  in  more  permanganate  if  the  colour  disappears  ; 
when  the  temperature  reaches  140°  Fahr.  remove  the  lamp  ;  continue  to  drop 
in  permanganate  until  the  colour  is  permanent  for  about  ten  minutes.  Then 
read  off  the  number  of  C.C.  used,  multiply  by  O'l  to  get  the  milligrammes  of 
oxygen,  and  by  4  to  get  the  amount  per  litre. 

Example.— 250  C.C.  of  water,  with  3  C.C.  of  sulphuric  acid,  required 
3-5  C.C  of  permanganate  to  give  a  permanent  colour;  3-5  x  O'l  x  4  =  1-4 
milligrammes  of  oxygen  per  litre  required  for  total  oxidisable  matter, 
1 -4  X  0-1  =  0-14  per  100,000.1 

It  must  be  remembered  that  this  includes  both  organic  matter  and  nitrons 
acid.    "We  must  now  differentiate  these. 

((?.,)  Organic  Oxidisable  Matter  in  terms  of  Oxygen  required  for  its  Oxida- 
tion.—Tzke  250  C.C.  of  water  to  be  examined;  add  3  C.C  of  sulphuric 
acid  as  above ;  boil  the  water  briskly  for  twenty  minutes ;  allow  it^  to 
cool  down  to  140°  Tahr.  (60°  C.) ;  then  add  the  permanganate  until  a  pink 
colour  is  established  for  ten  minutes.  Calculate  out  the  oxygen  as  above, 
stating  the  result  as  milligrammes  per  litre  required  for  oxidisable  organic 
matter,  or,  shortly,  as  organic  oxygen. 

The  rationale  of  this  process  is  the  driving  off  of  the  nitrous  acid  by  boiling 
with  sulphuric  acid. 

"  (fig)  Nitrous  Acid. — This  can  now  be  determined  easily  by  calculating  from 
the  difference  between  the  two  preceding  processes.  Each  milligramme  of 
oxygen  represents  2 "875  milligrammes  of  nitrous  acid;  we  must  therefore 
multiply  the  difference  by  this  factor,  and  the  result  is  nitrous  acid  in 
milligrammes  per  litre. 

Example. — A  sample  of  water  yielded,  by  process  (e^),  0*14  parts  of  oxygen 
per  100,000  ;  by  process  (62),  0'075.  Then  we  have  0-140  -  0-075 -0-065 
=  centigrammes  or  0*65  milligrammes  of  oxygen  required  for  nitrous  acid, 
0*65  X  2'875  =  1-87  milligrammes  per  litre  of  nitrogen  tetroxide  (NOg) ; 
1-87x0-1  =  0-187  per  100,000. 

HassalP  has  suggested  an  improvement  on  the  above  process  (de 
Chaumont's)  namely,  instead  of  boiling  away  the  nitrous  acid,  to  distil  it 
over  and  determine  it  directly  in  the  distillate.  Fresenius  proposes  a  some- 
what similar  plan,  only  using  acetic  acid  for  the  distillation,  and  then  sul- 
phuric acid  for  the  subsequent  titration.  Of  course,  if  distillation  is  resorted 
to,  the  NO2  can  be  determined  by  Griess's  method. 

One  or  two  precautions  are  necessary  in  the  permanganate  processes.  In 
process  (e^)  permanganate  must  be  added  to  the  water  froin  the  very  commence- 
ment, in  order  not  to  lose  nitrous  acid,  which  may  be  driven  off  as  the  water 
is  being  heated.  The  faintest  tinge  of  colour  that  can  be  distinctly  seen  ought 
to  be  accepted,  provided  it  remain  for  ten  minutes.  Care  must  be  taken  to 
add  the  sulphuric  acid  in  every  case  at  the  beginning ;  if  this  is  not  done  a 
brown  colour  is  struck  which  spoils  the  experiment.  Sometimes  this  colour 
appears,  even  after  acid  is  added,  and  is  then  probably  due  to  excess  of  organic 
matter ;  dilution  with  distilled  water  sometimes  remedies  this.  The  per- 
manganate solution  always  acts  upon  the  india-rubber  tube  of  the  common 

1  If  special  accuracy  is  required,  a  correction  for  colour  may  be  made,  bv  deducting  0-06 
from  the  result  stated  as  milligrammes  of  oxygen  per  litre. 

2  Adulterations  Detected,  1876,  p.  84. 
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burette,  therefore  it  is  always  well  to  use  a  burette  with  a  glass  stop-cock, 
or  to  run  off  the  portion  which  has  been  in  contact  with  the  india-rubber, 
before  beginning  the  experiment. 

The  S.  P.  A.  instructions  recomnieud  another  method  of  operation  (sugg(;8ted 
by  Tidy)  including  two  determinations,  viz.,  one  in  which  the  oxygen  absorbed 
within  lifteen  minutes  is  calculated,  and  another  within  four  hours.  The 
processes  arecairied  on  at  a  temperature  of  80°Fahr.  (26°  "7  C).  Two  bottles, 
stoppered  and  of  about  12  oz.  (340  C.C.)  capacity,  are  used,  into  each  (after 
being  thoroughly  cleaned,  rinsed  with  sulphuric  acid  and  then  with  the 
water  to  be  examined)  250  C.C.  of  the  water  are  to  be  put,  and  warmed 
in  a  bath  to  80°  Eahr.  (26° -7  C).  Then  add  10  C.C.  of  dilute  sulphuric 
acid  (1  vol.  to  .3  vols,  of  water)  and  10  C.C.  of  the  standard  potassium  perman- 
ganate solution.  Fifteen  minutes  after  the  addition  of  the  potassium  perman- 
ganate, one  of  the  bottles  must  be  removed  from  the  bath,  and  two  or  tliree 
drops  of  the  potassium  iodide  solution  added,  to  remove  the  pink  colour. 
After  thorough  mixture,  run  from  a  burette  the  standard  solution  of  sodium 
hyposulphite,  until  the  yellow  colour  is  nearly  destroyed,  then  add  a  few 
drops  of  starch  water,  and  continue  the  addition  of  the  hyposulphite  until  the 
blue  colour  is  discharged.  If  the  titration  has  been  properly  conducted,  the 
addition  of  one  drop  of  potassium  permanganate  solution  will  restore  the  blue 
colour.  At  the  end  of  four  hours  remove  the  other  bottle,  and  titrate  as 
above  described.  Should  the  pink  colour  of  the  water  in  the  bottle  diminish 
rapidly  during  the  four  hours,  further  measured  quantities  of  the  standard 
solution  of  potassium  permanganate  must  be  added  from  time  to  time,  so  as 
to  keep  it  markedly  pink. 

The  hyposulphite  solution  must  be  standardised  by  making  a  blank  experi- 
ment with  distilled  water,  and  this  must  be  repeated  from  time  to  time  as  it 
does  not  keep  well.  Let  A  be  the  quantity  of  hyposulphite  required  in  the 
blank  experiment,  and  let  B  be  the  amount  required  for  250  C.C.  of  the 
water  examined, — then  : 

(A  B)  X  0 "01  =  oxygen  absorbed  per  100,000  parts: 

this  multiplied  by  10  gives  the  miUigrammes  per  litre. 

It  is  of  course  to  be  understood  that  the  nitrous  acid,  if  present  must  be 
aUowed  for,  and  other  oxidisable  substances  eliminated  before  the  oxygen  for 
organic  matter  is  definitively  recorded.  .   -, ,   p         ^^  ^ 

The  permanganate  process  is  the  only  one  that  is  practicable  for  medical 
officers,  that  gives  us  any  measure  of  the  oxidisable  organic  matter  m  water, 
and  is,  in  the  present  state  of  our  knowledge,  indispensable,  imperfect  thougli 
its  indication  may  be.  It  is  certainly  an  aid  to  our  judgment  of  the  condition 
of  a  drinking  water,  being  to  Frankland's  carbon  process  something  the  same 
as  the  albuminoid  ammonia  method  is  to  his  nitrogen  one.  Frank  and  has 
fullv  acknowledged  this  relation  in  his  latest  work,i  and  has  proposed  a  series 
of  factors  by  which  to  multiply  the  oxygen  absorbed  so  as  to  express  the 
result  in  terms  of  organic  carbon.  These  factors  are  based  on  the  observed 
relations  between  the  two  processes  in  a  very  large  number  of  experiments,  and 
are  formed  by  dividing  the  average  carbon  by  the  average  oxygen,  ihe 
factors  diifer  for  different  kinds  of  water  in  the  foUowmg  proportions  :- 

Kiver  water,  ^        =  2-38 

Deep  well  water,  „  -  5-80 
Shallow  well  water,  „  =  ^"^^ 
Upland  surface  water,  „         =  I'o^  


1  Water  Analysis,  1880,  p.  55. 
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SO  that  1  milligramme  of  oxygen  absorbed  indicates  a  probable  amount  of 
only  1-8  of  organic  carbon  in  an  upland  surface  water,  but  as  much  as  5-8  in 

a  deep  well  water.  .  o 

No  process  gives  us  thoroughly  trustworthy  information,  but  for  the  army 
or  navy  medical  officer,  or  any  one  not  provided  with  a  well-appointed 
laboratory,  the  permanganate  process,  combined  with  the  albuminoid  ammonia 
process,  gives  as  much  information  as  is  likely  to  be  got  at  present,  and 
sufficient  for  hygienic  purposes.  It  must  be  remembered  that  the  perman- 
ganate does  not  act  upon  fatty  substances,  starch,  urea,  hippuric  acid,  creatm, 
sugar,  or  gelatine. 

Action  of  Permanganate  in  presence  of  an  Alkali. 
In  order  to  avoid  some  of  the  fallacies  and  inconveniences  of  the  test 
with  acid,  F.  Schultze  i  tried  the  following  plan,  which^  was  shghtly 
modified  by  Lex.  Five  or  more  vessels,  each  containing  60  C.C.  of  the  water 
to  be  examined,  are  taken,  and  to  each  2  C.C.  of  thin  milk  of  lime  are  added, 
and  then  1,  2,  3,  4,  5  C.C.  &c.  of  the  permanganate  solution  (viz.,  '395 
gramme  per  litre)  are  added,  and  left  for  three  hours.  At  the  end  of  that  time 
some  of  the  samples  will  be  decolorised,  others  still  coloured;  if  No.  1  and 
No.  2  are  colourless,  and  No.  3  is  coloured,  then  the  amount  of  permanganate 
destroyed  is  between  2  and  3  C.C.  As  in  the  cold  each  equivalent  of 
permanganate  only  gives  olf  3  (not  5  atoms)  of  oxygen,  each  C.C.  corresponds 
not  to  -1,  but  to  -06  milligrammes  of  oxygen.^  It  is  for  this  reason  that  60 
C.C.  of  water  are  taken  instead  of  100,  for  it  is  evident  that  if  1  C.C.  of  the  per- 
manganate solution  gives  only  "06  milligrammes  to  60  C.C,  it  is  the  same  as 
•1  to  100  C.C.  of  the  water.  The  calculation  of  the  results  is  thus  easy  ;  if, 
for  example,  Nos.  1  and  2  are  decolorised,  while  No.  3  is  coloured,  the  amount 
of  oxygen  required  is  between  -2  and  '3  milligrammes  for  100  C.C,  or  2  and 
3  per  litre.  If  60  C.C.  of  a  water  take  less  than  3  C.C.  of  the  permanga- 
nate solution  to  give  it  a  colour  permanent  for  two  hours,  it  is  a  good  water 
(according  to  Lex)  so  far  as  this  test  is  concerned  ;  if  3  and  4  C.C.  are 
required  it  is  a  medium  water,  and  if  the  5  C.C.  do  not  give  a  colour  the 
water  is  bad. 

5.  Pliosphoric  Acid  in  Phosphates. 

The  incinerated  total  residue  of  the  solids  is  to  be  treated  with  a 
few  drops  of  nitric  acid,  and  the  silica  rendered  insoluble  by  evapora- 
tion to  dryness.  The  residue  is  then  taken  up  with  a  few  drops  of 
dilute  nitric  acid,  some  water  is  added,  and  the  solution  is  filtered 
through  a  filter  previously  washed  with  dilute  nitric  acid.  The  filtrate, 
which  should  measure  3  CCs.,  is  mixed  with  3  C.C  of  molybdate  solution, 
gently  warmed,  and  set  aside  for  fifteen  minutes  at  a  temperature  of  80°rahr. 
The  result  is  reported  as  "  traces,"  '*  heavy  traces,  "  or  "  very  heavy  traces," 
when  a  colour,  turbidity,  or  definite  precipitate  are  respectively  produced, 
after  standing  fifteen  minutes.  The  precipitate  may  also  be  collected  and 
weighed,  if  thought  desirable.  For  this  purpose  it  ought  to  be  washed  with 
the  least  quantity  of  distilled  water,  and  then  dissolved  to  neutrality  in 
dilute  ammonia.    The  solution  thus  obtained  is  evaporated  with  repeated 


1  Roth  and  Lex,  op.  ciL,  p.  91. 

2  With  sulphuric  acid  the  following  is  the  reaction  : — 

2  (KMnO^)  -l-3(H2S04)=K2S04H-2(MnS04)-f3(H20)  +  05 
without  acid  the  reaction  is  : 

2(KMn06)  +  H2O = 2(Mn02)  +  2CKH0)  +  O3 . 
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additions  of  small  quantities  of  water,  and  the  resulting  residue  is  weighed. 
The  weight,  divided  by  28-6,  gives  the  amount  of  phosi)horic  anhydride,  P^O^ 
(Hehner).  To  express  it  in  terms  of  PO,,  divide  by  21  "4,  or  multiply  by 
0-0467. 

6.  The  determination  of  sulphuric  acid  has  already  been  referred  to  (page 
84,  note). 

Determination  of  the  Earthy  and  Alkaline  Carbonates  by  Mohr's  Process. 

This  is  a  very  elegant  process,  and  may  be  useful.  The  solutions  required 
are:  standard  solution  of  sulphuric  acid,^  1  C.C.  of  which  saturates  5  mgms. 
of  calcium  carbonate ;  and  a  colouring  solution,  such  as  cochineal  or 
phenolphthaleine. 

Process. — Take  70  C.C.  of  the  water  to  examine,  and  add  a  drop  or  two  of 
cochineal  solution,  which  gives  a  carmine  red  colour.  Then  run  in  the 
standard  acid  solution  tdl  the  colour  becomes  yellow  or  brown-yellow.  Eead 
off  the  number  of  C.C.  used,  and  multiply  by  5.  The  result  is  grains  of  earthy 
and  alkaline  carbonates  per  gallon,  stated  at  calcium  carbonate.  Divide  the 
result  by  0*7  to  get  parts  per  100,000. 

Example. — 70  C.C.  of  a  sample  of  water,  reddened  with  cochineal,  required 
3-9  of  standard  solution  to  make  it  yellow  :— then  3-9x5  =  19-5  =  grains  per 
gallon  of  earthy  and  alkaline  carbonates  as  calcium  carbonate,  and  19-5-4-0-7 
=  27-857  parts  per  100,000.  If  the  water  be  not  alkaline  to  test  paper,  the  re- 
sult will  represent  calcium  carbonate  only.  Should  the  latter  be  already  known 
(through  the  hardness),  the  difference,  if  any,,  will  represent  sodium  carbonate, 
and  may  be  calculated  out  as  such,  1  C.C.  =  5-3  mgms.  of  sodium  carbonate. 

Iron,  Silica,  Lead,  Copper,  Arsenic,  Zinc. 

Iron  is  seldom  required  to  be  determined  quantitatively,  but  it  maybe  done 
by  a  colorimetric  test  (as  suggested  by  Wanklyn).  Either  the  water  may  be 
tested  directly,  or,  what  is  better,  the  incinerated  residue  of  the  solids  may  be 
treated  with  pure  hydrochloric  acid,  and  made  up  to  100  C.C.  wdth  distilled 
water.  A  cubic  centimeter  of  solution  of  ferrocyanide  of  potassium  is  added, 
which  will  strike  a  blue  colour,  A  comparative  experiment  with  a  standard 
solution  of  iron  may  be  made.2  This  is  a  better  process  than  the  permanga- 
nate method,  which  with  small  quantities  of  iron  gives  very  uncertain  results. 

Silica  may  be  determined  from  the  incinerated  residue,  by  treatmg  it  with 
strong  nitric  or  hydrochloric  acid,  evaporating  to  dryness,  and  again  treating 
with  acid;  distilled  water  (about  50  C.C.)  is  then  added,  and  a  little  heat 
applied  till  everything  soluble  is  dissolved ;  the  residue  is  silica,  which  may 
be  collected  on  a  small  filter,  ignited  and  weighed.  A  number  of  Indian 
waters  contain  considerable  quantities  of  silica,  either  combined  or  m  the  sus- 
pended matter.^ 

Lead,  Copper,  Arsenic,  Zinc— The  mere  presence  of  these  metals  in  appre- 
ciable quantity  is  enough  to  condemn  a  water,  therefore  it  wiU  seldom  be 
necessary  to  determine  their  amount  quantitatively. 

Influences  from  the  Quantitative  Tests. 
The  conclusions  to  be  drawn  from  the  qualitative  tests  hold  good  for  the 
quantitative,  only  greater  precision  is  given.    It  must,  however,  be  understood 
that  such  conclusions  are  still  only  approximative,  and  they  are  only  of  a 

.        I .    .  2  See  under  A  lum  in  Bread. 

3  Dr'  iS^^  AMD.,  has  noticed  that  the  Water  at  Kamptee,  both  from  the  river  and  from 
well?,  conttrns  frorn2  to  6  grains  per  gallon  of  silica  derived  Iron,  micaceous  gravel ;  it  is  com- 
bined with  magnesia,  and  it  renders  the  soap  test  inapplicable. 
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certain  value  when  aU  the  circumstances  of  the  case  are  taken  into  consideration. 
Some  chemists  have  gone  so  far  as  to  say  that  they  would  rather_  know 
nothinc^  ahout  the  sample,  and  merely  wish  it  marked  with  some  distinctive 
mark  such  as  A  or  B,  or  1  or  2  ;  their  confidence  being  so  great  m  the  indica- 
tions'of  their  analyses,  that  they  feel  convinced  they  can  give  a  perfectly  trust- 
worthy opinion  on  the  wholesomeness  or  otherwise  from  these  alone.  There 
is  no  doubt  that  a  practised  chemist  may  make  a  fairly  good  guess^  under  such 
circumstances,  but  as  a  rule  an  opinion  so  formed  is  worth  very  Httle.  It  is, 
of  course,  desirable  that  an  analyst  should  come  to  his  inquiry  perfectly 
unbiassed;  but  before  adopting  a  conclusion  as  regards  a  water  the _  medical 
officer  will  always  do  well  to  obtain  every  item  of  information  about  it  that  is 
possible  to  get,— otherwise  he  is  sure  to  fall  sooner  or  later  into  error.  Thus, 
constituents  may  be  present  in  a  deep  well-water  and  have  no  particular 
significance,  whilst  in  a  shallow  well-water  they  would  be  sufficient  to  condemn 
it.  At  present  we  have  little  or  no  means  of  positively  distinguishing  vege- 
table from  animal  organic  matter ;  yet  it  is  obvious  that  an  amount  of  the 
former  would  be  admissible  which  could  not  be  allowed  of  the  latter. 

Mr.  Wigner  has  proposed  a  scale  of  valuation,  in  which  a  certain  numerical 
value  is  attached  to  each  constituent. i  The  scale  is  an  ingenious  one,  but  it 
would  hardly  be  advisable  to  adopt  it  definitively  as  yet,  and  the  Society 
of  Public  Analysts  have  declined  to  do  so  for  the  present. 

The  inadvisability  of  drawing  hard  and  fast  lines  on  the  subject  is  being 
now  more  generally  recognised ;  and  the  remark  of  Mr  Charles  Ekin  2  is  very 
apposite,  for  he  says  it  is  as  if  six  typhoid  germs  were  harmless  and  nine 
were  hurtful.  It  may  be  true  that  the  larger  the  dose  of  poison  the  more 
certain  the  effect,  but  we  know  too  little  at  present  to  allow  us  to  say  where 
the  line  is  to  be  drawn.  At  the  same  time,  some  approximation  to  classification 
may  be  made.  The  Eeports  on  Hygiene  in  the  A.M.D.  Annual  Reports,  vols, 
xviii.  to  xxi.,  may  be  referred  to  for  tables  of  water  analyses,  with  approximate 
classifications. 

Subjoined,  in  pp.  97-100,  are  tables  of  typical  waters  divided  into  four 
classes, — 1.  Pure  and  wholesome;  2.  Usable ;  3.  Suspicious;  and  4.  Impure. 
These  are  merely  suggested  as  general  guides,  some  latitude  being  necessary, 
according  to  circumstances. 

1.  Chlorine  in  Chlorides. — The  purest  waters  contain  small  quantities  of 
chlorides,  generally  less  than  one  grain  of  chlorine  per  gallon  (1  "4  per  100,000). 
Eain-water  generally  -  contains  0'22  to  0-5  per  100,000  (0-15  to  -35  per 
gallon).  An  increase  in  ordinary  drinking  water  may  be  due  to  sea-water, 
salt-bearing  strata,  or  sewage,  or  other  impurities.  In  the  two  former  cases  it 
is  comparatively  innocent,  but  in  the  last  it  may  be  an  indication  of  dangerous 
contamination,  in  which  case  it  is  usually  connected  with  an  increase  in  the 
ammonias,  the  oxidisable  matter  and  the  nitrogen  acids.  Sewage  contamina- 
tion can  never  take  place  without  some  increase  in  the  chlorides,  unless  it 
be  through  gaseous  emanations.  Some  deep  wells  contain  large  quantities  of 
chlorides,  but  the  other  details  of  the  analysis  will  show  that  this  is  not  due 
to  any  recent  contamination.  Generally  speaking,  however,  an  excess  of 
chlorine  is  a  reason  for  suspicion,  until  a  satisfactory  explanation  of  its  presence 
is  obtained.^ 

2.  Solids,  total  and  volatile. — The  amount  of  solids  varies  very  greatly  with 
the  source  of  the  water.    Pure  upland  surface  waters  contain  very  little, 

•  See  Analyst,  vol.  vi.  p.  122. 

2  Potable  Water,  by  Charles  Ekin,  F.C.S.   J.  &  A.  Churchill. 

3  Good  deey)  well-water  may  contain  10  grains  of  chlorine  per  gallon  :  sewage  effluent  (as  at 
Aldershot)  only  2"8.  ° 
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sometimes  not  more  than  2  or  3  grains  in  a  gallon.  The  Loch  Katrine  water, 
supplied  to  Glasgow,  yields  only  1-68  per  gallon  (2-4-  per  100,000);  Thirlmere 
Lake,  proposed  as  the  supply  for  Manchester,  about  tlie  same ;  and  Vyruwy, 
proposed  as  the  supply  for  Liverpool,  '^."38  per  gallon  or  34  per  100,000. 

On  the  other  hand,  waters  from  pure  sources  other  than  upland  surface 
show  much  more  than  this.  On  the  whole,  we  may  lay  it  down  that  the 
purest  upland  surface  waters  seldom  contain  more  than  about  5  grains  per 
gallon  (or  about  7  parts  per  100,000),  but  that  considerable  latitude  may  be 
admitted  in  waters  from  deep  wells,  chalk  strata,  and  the  like. 

Of  the  solids  not  more  than  about  1  grain  per  gallon  (1-4  per  100,000) 
ought  to  be  volatile,  or  capable  of  being  driven  off  by  a  red  heat.  The  solids 
should  blacken  very  slightly  on  ignition.  A  little  deviation  from  this  rule 
is  admissible  in  water  from  peat  land. 

3.  Ammonia^  free  and  alhuminoid. — Pure  waters  yield  from  nil  to  0*002 
per  100,000  of  free  ammonia,  and  from  nil  to  0-005  per  100,000  of  albuminoid 
ammonia.  Usable  waber  may  contain  up  to  0-005  per  100,000  of  free,  and 
0-01  per  100,000  of  albuminoid  ammonia.  These  numbers,  however, 
require  qualification,  for  they  may  be  exceeded  in  cases  where  water  is 
thoroughly  good  for  dietetic  purposes.  Eain  water  often  contains  a  large 
amount  of  free  ammonia,  probably  derived  from  soot,  and  it  appears  to  be 
In  cUthIgss 

Deep  wells  often  show  a  large  amount  of  free  ammonia  and  chlorides 
without  necessarily  indicating  pollution;  but  the  same  amounts  in  a  shallow 
well  would  point  to  probable  sewage  pollution,  or  at  least  to  the  presence  of 
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The  presence  of  a  considerable  amount  of  albuminoid  ammonia,  with  little 
free  ammonia  and  chlorides,  is  generally  indicative  of  vegetable  organic  matter 
often  peaty.    This  is  the  character  of  the  greater  part  of  the  water  supply  of 

"""^  The^real  sicrnificance  of  the  albuminoid  ammonia  has  been  much  discussed, 
but  the  results  obtained  are  sufficiently  uniform  to  give  us  a  convement 
measure  of  purity,  provided  we  are  careful  not  to  draw  the  Ime  too  close.  All 
the  nitrogen  of  the  organic  matter  is  certainly  not  obtained  by  this  method, 
but  this  is  immaterial  so  long  as  the  proportion  is  fairly  maintained.  The 
results  correspond  to  a  certain  extent  with  organic  mtrogen  of  Frankland, 
and  the  process  is  much  more  feasible  for  medical  officers  generally 

4  Nilic.  and  Nitrous  Acids  in  Nitrates  and  Nttrites.-The  significance  of 
these  is  very  important.  Nitric  acid  is  the  ultimate  stage  of  oxidation  of 
nitrogenous  organic  matter,  and  when  present  in  water  it  is  almost  always  the 
result  of  previous  pollution,  either  of  the  water  itself  or  of  the  strata  througn 
Xh  i  flows  It  gives  us  no  information,  however  as  to  he  exact  time 
:S  ;  tife  polTuiion  took  place.  In  some  --Pl-  ^eep -1^^^^^^^  is  evid^^ 
that  the  pollution  must  have  been  very  ancient.  It  has  been  distmctiy 
sWn  by  Sciloesing  and  Muntzi  ^nd  by  R.  Warington^  that  nitiufication  is 
ffelmentaUve  process,  excited  and  carried  on  through  the  agency  of  a  minute 
mWsm  iult  as  ordinary  fermentation  is  carried  on  through  he  medium  of 
Mtrous  acid  indicates  the  presence  of  organic  matter  undergoing 
torula.  in  the  direct  oxidation  of  such  matter,  progressive 

fa'r?e^ted"ort  ret  0^^^^^^^^  consequence  of  the  latter 

&t  t^"^  .uchW^ 
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than  nitric,  as  indicating  present  danger,  and  a  very  small  amount  of  it  is 
sufficient  to  remove  a  water  into  the  suspicious  class.  It  is  rare  to  find  any 
of  the  higher  forms  of  life  in  a  water  rich  in  nitrites,  although  bacteria  may 
be  found."  Pure  water  ought  to  be  quite  free  from  nitrites,  and  ought  to  show 
only  traces  ab  most  of  nitrates, — the  limit  being  about  0-032  per  100,000 
of  nitric  acid, — representing  of  combined  nitrogen  0-014  per  100,000.  The 
total  combined  nitrogen  (including  that  in  the  free  ammonia)  would  be 
0-016  per  100,000  ;  whilst  the  total  nitrogen  (including  that  in  the 
albuminoid  ammonia)  would  be  0-023  per  100,000.  The  presence  of 
nitrites  is  suspicious  :  the  marked  presence  of  nitrates  ought  to  be  a  ground 
for  careful  inquiry.  In  some  soils,  especially  sands  and  gravels,  and  in 
ferruginous  soils,  the  process  of  nitrification  goes  on  extremely  rapidly,  and 
the  existence  of  impurity  may  escape  notice  if  the  examination  for  nitric 
acid  be  omitted. 

5.  Oxygen  absorbed. — This  ought  not  to  exceed  about  0-0250  per  100,000 
for  organic  matter  alone, — that  is,  after  deducting  any  that  may  be 
absorbed  by  nitrous  acid  if  present.  This  latter,  however,  should  not  be 
present  in  a  water  of  the  first  class.  The  experiment  to  be  done  with 
permanganate  and  acid  at  a  temperature  of  140°  Fahr.  (60°  C). 

Frankland  and  Wigner  allow  four  times  the  above  amount  for  upland 
surface  waters,  and  double  the  above  amount  for  other  waters, — the  experi- 
ment being  performed  for  four  hours  at  a  temperature  of  80°  Fahr.  (27°C.). 

In  water  with  little  chlorine  and  little  or  no  free  ammonia,  a  higher  amount 
than  the  above  may  be  present  without  danger,  as  in  all  probability  it  will 
be  due  to  vegetable  matter. 

6.  Hardness. — The  fixed  hardness  should  not  exceed  2°  of  Clark's  scale,  or 
3°  of  the  metrical  scale.  The  total  hardness  may  vary  more,  but  if  possible 
should  not  exceed  5°  or  6°  (Clark),  or  7°  to  8°.5  (metrical). 

7.  Phosphates. — The  presence  of  these  in  any  marked  quantity  will  generally 
corroborate  inferences  as  regards  sewage  contamination  drawn  from  the  other 
indications. 

Sulphates. — 'An  excess  of  sulphates  will  in  many  cases  also  indicate  con- 
tamination, though  they  may,  like  chlorine,  come  from  innocuous  sources. 

8.  Metals. — Pure  water  should  contain  no  heavy  metal,  although  a  trace 
ol  iron  may  be  found  sometimes.  In  some  cases  iron  seems  beneficial,  as  it 
helps  to  oxidise  the  organic  matter.  The  presence  of  any  other  heavy  metal 
ought  to  condemn  the  water.  ■ 

9.  The  presence  of  hydrogen  sulphide  or  alkaline  sidphides  ought  to 
condemn  the  water. 

It  is  always  advisable  to  get  information  if  possible  as  to  the  usital  composi- 
tion of  a  water  to  be  examined,  as  even  slight  variations  may  suggest  a  clue  to 
the  nature  or  cause  of  an  impurity.  The  microscopic  examination  of  the  sedi- 
ment ought  always  to  be  performed  where  possible,  as  it  often  affords 
important  information  when  the  chemical  investigation  fails.  Thus,  the 
presence  of  su€h  objects  as  muscular  fibre,  wheaten  starch  cells,  mucous 
epithelium,  disintegrating  masses  of  paper,- &c.  are  sufficient  alone  to  condemn 
water  (especially  if  it  be  from  a  shallow  well),  even  when  the  chemical  con- 
stituents are  withii*  limits,  as  they  are  undoubted  evidences  of  animal  con- 
tamination, almost  certainly  sewage.  In  such  cases  the  nitric  acid  is  nearly 
always  large  in  amount. 
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WATER. 


The  following  is  the  form  of  Report  at  present  used  at  Netley  : — 

Beporf.  on  a  Sample  of  Drinkinrj-waier. 

From  Drawn  18 

Source  lieceiveil  18 

Examined  18 


Colour  {through  18  ins.) 

Turbidity  

Sediment  


Physical  Clucracters. 

Lustre 
Taste.. 
Smell. 


Chemical  Analysis. 


Qualitative  {water  unconcentrated). 

Lime  

Magnesia  

Chlorine  

Sulphuric  acid  

Phosphoric  acid  

Fixed   

Temporary  or  Removable... 

Total  


Hardness. 


Ammonia  

Nitric  acid  

Nitrous  acid  

Oxidisable  matter. 
Iron  or  Lead  


Degrees  of  _ 
Clark's  Scale.  ~ 


parts  pe 
100,000 


^Toktiirmatter  (by  incineration  and  after  re-carbonating) 
Oxygen  required  for  oxidisable  organic  matter. ... 

r  ATTiTnnnia  free  


iV.B.— These  constituents, 
■witli  the  oxidisable  organic 
malter,  indicated  hy  the  oxy- 
gen required,  are  included  in 
the  Volatile  Matter. 


Ammonia  free 
Ammonia  albuminoid . ... 

,  Nitric  acid  (NO  3)   

L Nitrous  acid  (NOg)  

Total  nitrogen  included  in 
nitrates  and  nitrites 


Chlorine  

Calcium  carbonate  

Fixed  hard  salts   

Sulphuric  acid  (SO^)  

Alkaline  carbonates. ....   -  -^V    an '  T 

Sodium  or  other  metal  (combined  with  CI  or  bUJ 

not  included  in  tixed  hard  salts 
Silica,  alumina,  iron,  &c  


Total  solids  (by  evaporation) 


Microscopic  Chanracters. 


Remarks. 


Professor  of  Military  Hygiene. 


Laboratory,  Army  Medical  School, 

Royal  Victoria  Hospital,  Nctky, 
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The  following  tables  give'*an  approximate  view  of  the  composition  of 
drinking  waters  of  the  four  classes  : — 


1.  Pure  and  Wholesome  Water. 


Character  or  Constituents. 

Remarks. 

Physical  Characters,  . 

Colourless,  or  bluish  tint ; 
transparent,  sparliling, 
and  well  aerated ;  no 
sediment  visible  to  naked 
eye  ;   no  smell ;  taste 
palatable. 

Turbidity,  due  to  very  fine  mi- 
neral matter,  is  some  limes 
associated  with  pure  waters ; 
thus,  minutely  divided  cal- 
cium sulphate  will  not  sub- 
side in  distilled  water. 

Chemical  Constituents. 

Grains 
per  gallon, 
1  in  70,000. 

Centi- 
grammes 
per  litre, 
1  in  100,000. 

1.  Chlorine  in  chlorides,  under 

2.  Solids  in  solution :  total,  under 

,,                volatile,  under 
N.B. — The  solids  on  incinera- 
tion should  scarcely  blacken. 
•3.  Ammonia,  free  or  saline,  under 
,,         albuminoid,  under 

4.  Nitric  acid  (NO3),  under 

in  nitrates 

Nitrous  acid  (NOj),  under 
in  nitrites 

Nitrogen  in  nitrates,  under 

Total  combined  nitrogen,  in- 
cluding that  in  the  free 
ammonia,          .  under 

Total  nitrogen,  including 
that  in  the  albuminoid 
ammonia,          .  xmder 

5.  Oxygen  absorbed  by  organic 

matter  within  half  an  hour, 
by  permanganate  and  acid 
at  140°  F.  (60°  C),  under 

Do.  do.  in  15  minutes,  at 
80°  F.  (27°  0,  under 

Do.  do.  in  4  hours,  at  80° 
F.  (27°C.),       .  under 

6.  Hardness,  total  tinrlpi' 

,,         fixed,     .  xmder 

7.  Phosphoric     acid    in  phos- 

phates 

Sulphuric  acid  in  sulphates,  . 

8.  Heavy  metals 

9.  Hydrogen   sulphide,  alkaline 

sulphides,  .... 

1-0000 

5  0000 
1-0000 

0-0014 
0-0035 

j  0-0226 

1  nil 
0-0100 

(0-0112 
1  0-0160 

1 0-0175 

j  0-0100 

1  0-0350 

6°-0 
2°-0 

1  traces 

traces 
nil 

jnil 

1-4000  1 

7-1428  ) 
l-4000( 

0-0020 
0-0050 

0-0323 
nil 

0-0140 
0-0160 

0-0230 

0-025o| 

0-0125 

0-0500 

8°-5 
8°-0 

This  may  be  exceeded  if 
from  a  purely  mineral 
source. 

The  solids  may  be  ex- 
ceeded in  chalk  waters, 
where  they  are  mostly 
calcium  carbonate. 

The    oxygen  absorbed 
may  be  doubled  in 
peat  or  upland  sur- 
face waters. 

Microscopic  characters,  . 

Mineral      matter ; 
vegetable  forms 

with  endochrome ; 
large  animal  forms : 
no  organic  debris. 


A  water,  such  as  the  above,  may  generally  be  used  with  confidence  in  tho  oKoo,,„„ 

G 
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2;  Usable  Water. 


Character  or  Constituents. 


Physical  charactersj 


Chemical  Constituents. 


Colouiiess,  or  slightly 
greenish  tint ;  trans- 
parent, siwrkling  and 
well-aerated ;  no  sus- 
pended matter,  or  els'i 
easily  separated  by 
coarse  filtration  or  sub- 
sidence ;  no  smell;  taste 
palatable. 


Remarks. 


1.  Chlorine  in  chlorides,  under 

2.  Solids  in  solution  :  total,  under 

,,     Volatile,  under 

3.  Ammonia,  iv66  or  saline,  under 

albumiiioidj  under 


4.  Mtric  acid  (NO3),  . 
in  nitrates. 


Under 


Nitrous  acid  (NOg),  ; 
in  nitrites. 

Nitrogen  in  nitrates;  under 

Total  combined  nifrdgen,  in- 
cluding that  in  free  am- 
monia,   .       .       i  tinder 

Total  nitrogen,  including 
that  in  albumihoid  am- 
monia, under 

5.  Oxygen  absorbed  by  organic 

matter  within  half  an  hour, 

by  permanganate  and  acid; 

at  140°  F.  (60°  C),  under 
Do.    do.    in  15  minutes,  at 

80°  F;  (27°  C),  .  und'er 
Do.    do.  in4hoLirs,at80°F: 

(27°  C),       ;       .  under 

6.  Hardness  total        .  undeY 

nxed,       .  under 

7.  Phosphoric  acid  in  phosphates, 
Sulphuric     acid      in  sul- 
phates, .  under 

8.  Heavy  metals — Iron;  , 

9.  Hydrogen   sulphide,  alkaline 

sulphides,  .       .       .  . 


Grains 
per  gallon, 
1  in  70,000. 


Microscopic  characters, 


3-0000 

30-()000 
3-0000 

0-0035 
0=0070 

0-3500 
nH 

0-0790 
O-0819 

0-0876 

0-0700 

0-0210 

0-1050 

12° -0 
4°-0 
traces 

2-000 

traces 
nil 


Centi- 
grdnimes 
per  litre, 
1  m  lOb.OOO. 


4-2857 

42-8571 
4-2857 

0=0050 
0=0100 

0-5000 
nil 

0-il29 
0-1170 

0-1252 

0-1000 

0-0300 

0-1500 

l7°-3. 
5° -7. 

traces 

3-0000 
traces 
nU 


In  some  usable  waters,  such  as 
peat  waters,  the  colour  may 
be  yellow  or  even  brownish. 
In  some  also  tlie  taste  may 
be  flat  or  only  moderately 
palatable. 


Same  as  No.  1. 


This  may  be  much  larger 
in  waters  near  the  sea, 
■{     deep  well  waters,  or 
I     waters    from  saline 
L  strata. 


r  The  solids  may  blacken, 
\     but  no  nitrous  fumes 
L    should  be  given  off. 
This  may  be  greater  in 

deep  well  waters. 
This  may  be  larger  in 
upland  surface  waters, 
peat  waters,  &c.,  when 
the  source  is  chiefly 
vegetable. 
fThe  amount  of  nitrates 
i     varies  greatly,  so  that 
I     an  average  is  of  doubt- 
L    ful  value. 


The   oxygen  absorbed 
may  be  gi'eater  (about 
-    double)    in  upland 
surface  waters,  peat 
waters,  &c. 


In    some    waters  the 
amount  may  be  larger. 


A  water,  such  as  the  above,  will  m  most  cases  be  usable,  but  it  will  be  improved  by 
tion  through  a  good  medium. 


CHAiiACTERS  OF  A  SUSPICIOUS  WATER. 
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3.  Suspicious  Water. 


Character  or  Constituents. 


Physical  cliaracters, 


Chemical  Constitiieiits. 


1.  Chlorine  iri  chlorides, 

2.  Solids  iri  solutiori  :  total, 

,,  volatile, 

3.  Airimonia,  free  of  saline, 


albliminoid, 

4.  Nitric  acid  (NO3), 

in  nitrates, 
Nitrous  acid  (NO^), 
iri  nitrites. 

Nitrogen  in  nitrates  and 
nitrites, 

Total  combined  nitrogen,  in- 
cluding that  in  free  am- 
monia, .... 

Total  nitrogen,  including 
that  in  albuminoid  am- 
monia, .... 

5.  Oxygen  absorbed  by  organic 

matter  within  half  an  hour, 
by  permanganate  and  acid, 
at  140°  F.  (80°  C).  . 

Do.  do.  in  15  minutes,  at 
80°  F.  (27°  C). 

Do.  do.  in  4  hours,  at  80°  F. 
(27°  C. ). 

6.  Hardness,  total  .       .  above 

,,        fixed,         .  above 

7.  Phosphoric    acid    in  phos- 

phates, .... 
Sulphuric      acid     in  sul- 
phates,  .       .       .  above 

8.  Heavy  metals — iron, 

9.  Hydrogen  sulphide,  alkaline 

sulphides,  .... 


Microscopic  characters, 


Yellow  or  strong  green 
colour ;  turbid ;  sus- 
pended matter  consider- 
able ;  no  smell,  but  any- 
marked  taste. 


Grains 
per  gallon, 
1  in  70,000. 

Cent.i- 

CrTflTTltTlP.S 

pL  L        *  '  ill  v-^O 

per  litre, 
1  in  100,000 

0  to  0 

+r> 

0\J  TjO  t)\J 

4^  tf>  71 

0  \jU  0 

4  tf>  7 

V    u  uuoo 

0  -00^0 

\J  \J\JO\J 

\  to 

to 

(  0-0070 

0-0100 

0-0070 

0-0100 

\  to 

to 

#      /^  .  A/■^ 

[   0  0087 

0  0125 

(    0-35  to 

0-5  to  1-0 

\J    %J    \j\J    X.  \J 

1  0-70 

0-0350 

0-0500 

(  0-0870 

0-1243 

\  to 

to 

(  0-1661 

0-2373 

(  0-0871 

0-1247 

\  to 

to 

(  0  1710 

0  2455 

(  0-0879 

0-1255 

\  to 

to 

(  0-1726 

0-2465 

\     \)  KJlW 

Ail  (\C\(\ 

I  to 

to 

1  0-1050 

0-1500 

)  0-0350  to 

0-0500  to 

\  0-0700 

0-1000 

0-15O0to 

0-2000  to 

\  0-2800 

0-4000 

12°-0 

17° -0 

4°-0 

5° -7 

1  heavy 

ti-aces. 

1  2-000 

3-000 

traces 

traces 

1  nil 

nil 

Vegetable  and  animal 
forms  more  or  less  pale 
and  colourless ;  organic 
debris  ;  fibres  of  cloth- 
ing, or  other  evidence 
of  house  I'efuse. 


riemai'ks. 


Where  the  impurity' is  mostly 
vegetable;,  the  colour  may  b6 
verymarked  imisable  water. 


In  some  cases  the  chlo- 
rine may  be  greater. 


\  This  riaay  sometimes  bf 
I  larger. 


_  A  water,  such  as  the  above,  ought  to  excite  suspicion  :  its  use  ought  to  be  suspended  imtil 
mquiries  about  it  can  be  made  :  if  it  must  be  used,  it  ought  to  be  boiled  and  filtered. 
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WATEll. 
4.  Impure  Water. 


Cltaracter  or  Constituents. 


Pliysieal  characters,  . 


Chemical  constituents. 


4. 


above 
above 


above 


Chlorine  in  chlorides,  above 
Solids  in  solution  :  total,  above 
volatile 

Ammonia,  free  or  saline, 

, ,  albuminoid 
Nitric  acid  (NO3), 

in  nitrates. 
Nitrous  acid  (NOg), 

in  nitrites. 
Nitrogen  in  nitrates  and  nir 
rites,       .       .       .  above 
Total  combined  nitrogen,  in- 
cluding that  in  free  am- 
monia,    .       .       .  aboye 
Total  nitrogen,  in  eluding  that  in 
albuminoid  ammonia,  above 
Oxygen  absorbed  by  organic 
matter  within  half  an  hour, 
by  permanganate  and  acid, 
at  140°  F.  (60°  C),  above 
Do.    do.     in  15  minutes,  at 
80°  F.  (27°  C),       .  above 
Do.    do.    in  4  hours,  at  80°  F. 

(27°  C),  .  r  above 
Hardness,  total,  .  above 

fixed,  . 
Phosphoric  acid  in  phosphates. 


Sulphuric  acid, 
phates,  . 

8.  Heavy  metals, 

9.  Hydrogen  sulphide. 
Alkaline  sulphides. 


m 


sul- 

above 


Microscopic  characters, 


Colour  yellow  or  brown  • 
turbid,  and  not  easily 
purified  by  coarse  filtra- 
tion ;  large  amount  of 
suspended  matter ;  any 
marked  smell  or  taste. 


Remarks. 


Grains 
per  prallon. 
1  in  70,000. 


Centi- 
grammes 
per  litre, 
1  in  100,000. 


5-0000 
50-0000 
5-0000 
0-0070 
0-0087 
0-7000 

0-0350 
0-1690 
0-1748 
0-1821 


I  0-1050 
0-0700 

0-2800 

20° -0 
6°-0 

Very  hea 

I  3-000 
Any  ex 
pre 


7-1428 
71-4285 
7-1428 
0-0100 

0-  0125 

1-  0000 

0-0500 
0-2415 
0-2497 
0-2601 


0-1500 
0-1000 

0-4000 

28°-5 
8° -7 
vy  traces. 

4-2857 

cept  iron. 

sent. 


Bacteria  of  any 
kind  ;  fungi ;  nu- 
merous vegetable 
and  animal  forms 
of  low  types  ;  epi- 
thelia  or  other 
animal  structures ; 
evidences  of  sew- 
age; ova  of  para- 
sites, &c. 


Dark  coloured  waters  may  be 
usable  wlieu  the  impurity  Is 
vegetable. 


Chlorides  per  se  are  not 
hurtful,  unless  they 
are  magnesian  or  in 
some  quantity. 

Some  waters,  which  are 
organically  pure,  con- 
tain a  great  excess  of 
solids. 


In  the  absence  of  free 
ammonia,  or  much 
chlorine,  this  may  be 
due  to  vegetable 
matter. 


SEAKCH  AFTER  WATER-SUPPLY  TO  SOLDIERS. 
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SECTION  VL 
Sub-Section  I. — Search  after  Water. 

Occasionally  a  medical  officer  may  be  in  a  position  in  which  he  has  to  search 
for  water.    Few  precise  rules  can  be  laid  down. 

On  a  plain,  the  depth  at  which  water  will  be  found  will  depend  on  the' 
permeabiHty  of  the  soil,  and  the  depth  at  which  hard  rock  or  clay  will  hold 
up  water.  The  plain  should  be  well  surveyed ;  and  if  any  part  seems  below 
the  general  level,  a  well  should  be  sunk,  or  trials  made  with  Norton's  tube- 
wells.  The  part  most  covered  with  herbage  is  likely  to  have  the  water; 
nearest  the  surface.  On  a  dry  sandy  plain,-  morning  mists  or  swarms  of 
insects  are  said  sometimes  to  mark  water  below.  Near  the  sea,  water  is 
generally  found ;  even  close  to  the  sea  it  may  be  fresh,  if  a  large  body  of  fresh 
water  flowing  from  higher  ground  holds  back  the  salt  water.  But  usually 
wells  sunli  near  the  sea  are  brackish ;  and  it  is  necessary  to  sink  several,- 
passing  farther  and  farther  inland,  tiU  the  point  is  reached  wherei  the  fresb 
water  has  the  predominance. 

Among  the  hills  the  search  for  water  is  easier.  The  hills  store  up  water,; 
which  runs  olf  into  plains  at  their  feet.  Wells  should  be  sunk  at  the  foot  of 
hills,  not  on  a  spur,  but,  if  possible,  at  the  lowest  point ;  and  if  there  are  any 
indications  of  a  water-course,  as  near  there  as  possible.  In  the  valleys  among 
hills,  the  junction  of  two  long  valleys  will,  especially  if  there  is  any  narrowing, 
generally  give  water.  The  outlet  of  the  longest  valleys  should  be  chosen,  and 
if  there  is  any  trace  of  the  junction  of  two  water-courses,'  the  well  should  be' 
sunk  at  their  union.  In  a  long  valley  with  a  contraction,  water  should  be 
sought  for  on  the  mountain  side  of  the  contraction.  In  digging  at  the  side 
of  a  valley,  the  side  with  the  highest  hill  should  be  chosen. 

Before  commencing  to  dig,  the  country  should  be  as  carefully  looked  over 
as  time  and  opportunity  permit,  and  the  dip  of  the  strata  made  out^  if 
possible.  A  little  search  will  sometimes  show  which  is  the  direction  of  fall 
from  high  grounds  or  a  water-shed. 

If  moist  ground  only  is  reached,  the  insertion  of  a  tube,  pierced  with  holes, 
deep  in  the  moist  ground,  will  sometimes  cause  a  good  deal  of  water  to  be 
collected.  Norton's  American  tube-well  gave  satisfaction  in  Abyssinia, 
although  it  did  not  succeed  so  well  in  Ashantee.  A  common  pump  will 
raise  the  water  in  it  if  the  depth  be  not  more  than  24  or  26  feet ;  if  deeper, 
a  special  force  pump  has  to  be  used. 

Sub-Section  II. — Special  Considerations  on  the  Supply  of  Water 

TO  Soldiers. 

In  barracks  and  hospitals,  and  in  all  the  usual  stations,  all  that  has  to  be  done 
is  to  make  periodical  examinations  of  the  quantity  ancl  quality  of  the  water, 
to  inspect  the  cisterns,  &c.,  and  to  consider  frequently  if  in  any  Avay  wells  or 
cisterns  can  have  been  contaminated.  As  far  as  possible,  a  record  should  be 
kept  at  each  station  of  the  normal  composition  of  the  water. 

In  transport  ships,  the  water  and  the  casks  or  tanks  should  always  bo 
examined  before  going  to  sea.  Should  it  show  signs  of  putridity,  distilla- 
tion of  sea-water,  which  is  now  easily  managed,  should  be  resorted  to. 
If  the  water  distils  over  acid,  neutralise  with  carbonate  of  soda.  If  there  is 
a  little  taste  from  organic  matter,  let  it  be  exposed  to  the  air  for  two  or  three 
days.  Crease's  tank-filters  supply  an  excellent  means  of  purifying  water  in 
large  quantities.    The  spongy  iron  ship-filter  is  also  an  excellent  form  of  filter 
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WATER. 


for  the  purpose,  and  has  the  further  advantage  of  pemovipg  lead,  should  the 
water  have  taken  any  up  during  the  process  of  distillation. 

During  marches  each  soldier  carries  a  water-hottje.  ^  He  shouhl  be  taught 
to  refill  it  with  good  water  whenever  practicable.  If  the  water  is  decidedly 
bad,  it  should  be  boiled  with  tea,  and  the  cold  tpa  drunk.  Thp  exhausted 
•leaves,  if  well  boiled  in  water,  will  give  up  a  little  more  tannin  and  colouring 
.matter,  and  will  have  a  good  effect ;  and  if  a  soldier  would  do  this  after  his 

evening  meal,  the  water  would  be  ready  for 
the  next  day's  march.  Alupa.  and  charcoal 
should  be  used.  Small  charcoal  or  sandstone 
fdters  with  elastic  tubes  (fig.  4)  at  the  top, 
which  draw  water  through  like  siphons,  or 
through  which  water  can  be  sucked,  are  use- 
ful, and  are  now  muph  employed  by  officers. 
They  have  b,een  largely  used  by  the  French 
soldiers  in  Algiers,  apd  some  were  issued  to 
our  troops  in  the  Ashante3  campaign.  It 
must  be  understood  that  these  are  all  merely 
strainers,  and  do  not  purify  the  water  from 
Fig.  4.  dissolved  substances. 

Soldiers  should  be  taught  that  there  is 
danger  in  drinking  turbid  water,  as  they  will  often  do  when  they  are 
overcome  with  thu'st.  Not  only  all  sorts  of  suspended  matters  may  be 
gulped  down,  but  even  animals.  On  some  occasions,  the  Trench  army 
in  Algiers  has  suffered  from  the  men  swallowing  small  leeches,  which 
brought  on  dangerous  bleeding.  The  pocket  filters  ^ct  fairly  well  in  remov- 
ing these  suspended  matters. 

If  water-carts  or  water-sacks  are  used,  they  should  bs  regularly  inspected ; 
every  cart  should  have  a  straining  filter  of  pure  sand,  through  which  the  water 
should  pass.  The  carts  and  skins  should  be  scrupulously  clean.  The  water- 
carriers,  nr  bheesties,  in  India  should  be  paraded  every  morning,  and  the 
sources  of  water  required  into. 

When  halting  ground  is  reached,  it  may  be  necessary  tp  filter  the  water.  A 
common  plan  is  to  carry  a  cask,  charred  inside,  and  pierced  with  small  holes 
at  the  bottom ;  it  is  sunk  in  a  small  stream,  and  the  water  rises  through  the 
holes.  A  better  plan  still  is  to  have  two  casks,  pne  inside  the  other ;  the 
outer  pierced  with  holes  at  the  bottom  and  the  inner  near  the  top  ;  the  space 
between  is  filled  with  sand,  gravel,  or  any  filtering  medium  that  may  be 
procurable ;  the  water  rises  through  the  gravel  between  the  barrels,  and  flows 
into  the  inner  barrel.  2  The  sand,  gravel,  or  other  material  ought  to  be 
frequently  turned  out,  cleaned,  or  changed.  Other  simple  plans  are  given  in 
the  drawings,  which  need  little  description.  Figs.  5  and  6  speak  for  them- 
selves. Fig.  7  is  a  barrel  connected  by  a  pipe  with  a  supply  above ;  the  water 
rises  through  sand  and  charcoal,  and  is  drawn  out  above  ;  the  barrel  is  fixed 
on  a  winch,  and  the  supply  pipe  being  removed,  and  the  hole  closed,  a  few 
turns  of  the  handle  clear  the  sand.    Fig.  8  is  a  simple  contrivance,  which 


1  The  Italian  water-bottle  has  been  officially  adopted  in  our  army,  but  it  is  doubtful  if  it 
has  any  advantage  except  its  convenient  shape.  It  certainly  imparts  an  unpleasant  taste 
to  the  water  at  first  and  presents  difficulty  in  cleaning.  Probably  an  iron  bottle  (coated  by  the 
Bower-Barff  process),  covered  with  leather,  would  be  better.  ,,,,,,,,       ,      .  ... 

2  In  the  Zulu  campaign  Surgeon-General  Woolfryes  states,  that  "  to  the  large  base  hospitals, 
such  as  Fort  Pearson  and  Utrecht,  large  single  or  double  barrel  (charcoal)  filters  made  m 
Pietermaritzburg  were  furnished.  For  the  troops  barrel  (sand)  filters  made  on  the  spot  by 
the  Royal  Engineers,  were  provided."— -4.  M.  D.  Reports,  vol.  xxi.  p.  28/. 
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may  be  made  of  wood  or  tin.  Eigs.  9  and  10  show  Crease's  field  filter  in  use, 
either  as  a  hand  filter  (fig.  10)  or  connected  by  an  india-rubber  tube  to  a 


Fig.  7.  Fig.  8. 

bucket  of  unfiltered  watpr  placed  jn  a  cart  (fig.  9).  It  acts  with  great 
rapidity,  and  giyes  goo(i  results.  ^ 


Fig.  9, 


In  the  field,  the  medical  officer  may  be  sent  on  to  give  a  report  of  the 
quantity  and  quality  of  any  source.     Before  the  troops  arrive  he  should 

*  In  the  Zulu  campaign  of  1879,  Surgeon-General  Woolfryes  reports,  that  "  Creases's  filters 
■were  used  in  the  larger  field  hospitals,  but  were  found  unsuitable  for  field  service,  as  they 
would  not  stand  the  rough  usage  incidental  to  the  march." — A.M.D.  Reports,  vol.  xxi.  p.  287. 
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„„j  ;f  ^         1    „  jjx«,i.i.i3  Biiuuiu  oe  assignea  lor  wash- 

and  If  removal  of  excreta  by  water  be  attempted,  the%xcreta  sl"uld 


Fig.  10. 

flow  in  far  below  any  possible 
spring;  in  the  case  of  a  spring, 
several  reservoirs  of  wood  should 
be  made,  and  the  water  allowed 
to  flow  from  one  to  another — the 
highest  for  men,  the  second  for 
cattle.  If  it  is  a  running  stream, 
localities  should  be  fixed  for  the 
special  purpose;  that  for  the 
men's  drinking  water  should  he 
highest  up  the  stream,  for  animals 
below,  washing  lowest;  sentries 
should  be  placed  as  soon  as  pos- 
sible, The  distribution  of  water 
should  be  regulated ;  streams  are  soon  stirred  up,  made  turbid,  and  the 
water  becomes  undrinkable  for  want,  perhaps,  of  simple  management. 

Wherever  practicable,  the  reservoirs  or  cisterns  which  are  made  should  be 
covered  in ;  even  if  it  is  merely  the  most  flimsy  covering,  it  is  better  than 
nothing. 

In  sieges  the  same  general  rules  must  be  attended  to.  The  distribution  of 
the  water  should  be  under  the  care  of  a  vigilant  medical  oflicer.  Advantage 
should  be  taken  of  every  rainfall ;  fresh  wells  should  be  dug  early;  if  necessary, 
distillation  of  brackish  or  sea-water  must  be  had  recourse  to. 


Fig.;  11.1 


1  Fig.  11— Spongy  iron  filter,  special  ball-cock  pattern.— A,  cap  of  regulator  ;  B,  ball-cock  ; 
C,  perforated  lid,  covering  spongy  iron ;  C,  perforated  lid,  covering  prepared  sand ;  C", 
perforated  plate,  through  which  water  flows  to  regulator ;  D,  cover  of  filter ;  F,  filtered 
water ;  G,  glass  ball  ;  I,  spongy  iron  ;  L,  lever  of  ball-cock ;  0,  withdrawiug-pin  of  lever ; 
Jf,  tube  connecting  with  water- supi^ly  or  cistern;  R,  screws  to  fasten  ball-cock  to  filter  ;  S, 
pyrolusite  ;  S',  sand  ;  S",  tine  gravel  (these  three  form  the  prepared  sand)  ;  T,  tap  or  stop- 
cock, from  which  to  draw  the  filtered  water ;  U,  unfiltered  water  ;  V,  screw  valve  ;  X,  division 
in  regulator,  from  which  XA  may  be  screwed  olT;  near  X  is  the  aperture  through  which  the 
filtered  water  flows  into  the  reservoir  F. 


CHAPTEE  11. 
AIB. 

It  might  be  inferred  from  the  physiological  evidence  of  the  paramount  import- 
ance of  proper  aeration  of  the  blood,  that  the  breathing  of  air  rendered  impure 
from  any  cause  is  hurtful,  and  that  the  highest  degree  of  health  is  only  pos- 
sible when  to  the  other  conditions  is  added  that  of  a  proper  supply  of  pure 
air.  Experience  strengthens  this  inference.  Statistical  inquiries  on  mortality 
prove  beyond  a  doubt  that  of  the  causes  of  death  which  are  usually  in  action  ^ 
impurity  of  the  air  is  the  most  important.  Individual  observations  confirm 
this.  No  one  who  has  paid  any  attention  to  the  condition  of  health,  and  the 
recovery  from  disease  of  those  persons  who  fall  under  his  observation,  can 
doubt  thab  impurity  of  the  air  marvellously  affects  the  first,  and  influences, 
and  sometimes  even  regulates  the  second.  The  average  mortality  in  this 
country  increases  tolerably  regularly  with  density  of  population.  Density  of 
population  usually  implies  poverty  and  insufficient  food,  and  unhealthy  work  ; 
but  its  main  concomitant  condition  is  impurity  of  air  from  overcrowding, 
deficiency  of  cleanliness,  and  imperfect  removal  of  excreta,  and  when  this 
condition  is  removed,  a  very  dense  and  poor  population  may  be  perfectly 
healthy.  The  same  evidence  of  the  effect  of  pure  and  impure  air  on  health 
and  mortality  is  still  more  strikingly  shown  by  horses  ;  for  in  that  case  the 
question  is  more  simple,  on  account  of  the  absolute  similarity,  in  difi'erent 
periods  or  places,  of  food,  water,  exercise,  and  treatment.  Tormetly,  in  the 
French  army,  the  mortality  among  the  horses  was  enormous.  EossignoP 
states  that,  previous  to  1836,  the  mortality  of  the  French  cavalry  horses 
varied  from  180  to  197  per  1000  per  annum.  The  enlargement  of  the  stables, 
and  the  "  increased  quantity  of  the  ration  of  air,"  reduced  the  loss  in  the 
next  ten  years  to  68  per  1000.2  In  1862-66  the  rate  of  death  was  reduced 
to  27|  per  1000,  and  officers'  horses  (the  property  of  the  State)  to  20.  The 
admissions  for  lung  diseases  were,  in  1849-52,  105,  and  in  1862-66,  36  ;  for 
glanders,  1847-52,  23;  1862-66,  71  3  In  the  Italian  war  of  1859,  M.  Moulin, 
the  chief  veterinary  surgeon,  kept  10,000  horses  many  months  in  barracks 
open  to  the  external  air  in  place  of  closed  stables.  Scarcely  any  horses 
were  sick,  and  only  one  case  of  glanders  occurred.^ 

In  the  English  cavalry  (and  in  English  racing  stables)  the  same  facts  are 
well  known.  Wilkinson  ^  informs  us  that  the  annual  mortaHty  of  cavalry 
horses  (which  was  formerly  great)  is  now  reduced  to  20  per  1000,  of  which 
one-half  is  from  accidents  and  incurable  diseases.  Glanders  and  farcy  have 
almost  disappeared,  and  if  a  case  occurs,  it  is  considered  evidence  of  neglect. 

The  food,  exercise,  and  general  treatment  being  the  same,  this  result  has 
been  obtained  by  cleanliness,  dryness,  and  the  freest  ventilation.    The  ven- 

1  Traite  d'lTygiSne  Militaire.    Paris,  1857. 

2  Wilkinson,  Journal  of  Lhe  AgrwMural  Society,  No.  50,  p.  91,  et  seq 

T    '    il  Statistics  of  Cavalry  Horses,^'  by  T.  G.  Balfour,  M.D.,  F.R.S    Sureeon-G eneril 
Journal  of  the  Statistical  Society,  June  1880.  >  ^ .  J-^.  o. ,  ourgeon  b  eneraJ, 

t  Larrey,  Hygiene  des  H6p.  Mil,  1868,  p.  63. 
*  Op.  cit.  -  ^ 
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tilation  is  threefold — ground  ventilation,  for  drying  tlie  floors  ;  ceiling  ventila- 
tion, for  discharge  of  foul  air ;  and  supply  of  air  beneath  the  horses'  noses,  to 
dilute  at  once  the  products  of  respiration. 

In  cow-houses  and  kennels  similar  facts  aye  well  known  :  disease  and  health 
are  in  the  direct  proportion  of  foul  and  purp  air. 

Tae  air  may  affect  health  by  variations  \i\  the  amount  or  condition  of  its 
iiormal  constituents,  by  differences  in  physipa].  properties,  or  by  the  presence 
of  impurities.  While  the  immense  effect  of  in^pure  air  cannot  be  for  a  moment 
doubted,  it  is  not  always  easy  to  assign  to  each  impurity  its  detinite  action. 
The  inquiry  is,  in  fact,  in  its  infancy  ;  it  is  difficult,  and  demands  a  more 
searching  analysis  than  has  bepn,  or  perhaps  than  can  be  at  present,  given. 
When  impure  air  does  not  produce  any  veyy  striking  disease,  its  injurious 
effects  may  be  overlooked.  The  evidences  of  injury  to  health  from  impure 
air  are  found  in  a  larger  proportipn  of  ill  health — i.e.,  pf  days  lost  from  sick- 
ness in  the  year — than  under  other  circumstances;  an  increase  in  the  severity 
of  many  diseases,  which,  though  not  caused,  are  influenced  by  impure  air ; 
and  a  higher  rate  of  mortality,  especially  among  children,  whose  delicate 
frames  always  give  us  the  best  test  of  the  effect  bot;h  of  food  and  air.  In 
many  cases  accurate  statistical  inquiries  on  a  large  scale  can  alone  prove  what 
may  be  in  reality  a  serious  depreciation  qf  public  health. 

The  quantity  of  air  necessary  for  perfect  health  will  be  ponsidered  in  the 
chapter  on  Ventilation.  In  the  present  chapter  ^h.e  impurities  will  be  men- 
tioned, and  then  the  diseases  attributable  to  them. 

The  following  is  the  cpmposition  of  average  pure  air : — 

Cainposition  of  Atmospheric  Air. 

Oxygen,      ......  209-6  per  lOQO  volumes. 

Mtrogen,  T^O'O  „ 

Carbonic  acid  (or  carbon  dioxide),        ,  .0*4 

Watery  vapour,   .       .....  Varies  with  temperature. 

Ammonia,    .       .       .       ;       .       ^  •  Trace, 
Organic  matter  (in  vapour  or  suspended, 
organised,  unorganised,  dead,  or  living), 

■  Ozone,         .       ^.       .       ,       .       .  \  Y^riable, 
Salts  of  podium,  ..... 

Other  mineral  substances,     ,       .  . 

The  amount  of  oxygep  is  209-8  in  tlie  pure  mpuntajn  air,  while  in  the  {lir 
of  towns  it  may  fall  to  209-0  or  208-7.1  The  mean  amount  of  ozpne  is  given 
by  Levy  at  1-15  milligrammes  per  100  pubic  metres  at  :^Iontsouns.2 

The  amount  of  watery  vapour  varies  in  different  countries  greatly,  from 
about  30  per  cent,  of  saturation  to  perfect  saturation ;  or,  according  to  tempera- 
ture from  1  to  11,  or  evep  12  grains  in  a  cubic  foot  of  air.  During  the  rams 
in  the  tropics,  that  amqunt  is  not  unfrequently  exceeded.  The  best  ratio 
for  health  has  not  been  determined,  but  it  has  been  supposed  it  should  be 
from  65  to  75  per  cent. ;  in  many  healthy  climates,  however,  it  is  much  more 
and  in  some  much  less  than  this.  „  ^    ^       ^  j 

The  amount  of  carbon  dioxide  in  normal  air  ranges  from  -2  to  '5  per  thousand 
(or  from  2  to  5  volumes  in  10,000) ;  it  increases  slightly  up  to  11,000  feet 
of  elevation,  then  decreases;  it  is  augmented  under  certain  circumstances; 
as  in  sea-air  by  day,  though  not  at  night ;  the  difference  bemg  between 


1  A.  Smith,  Air  and  Rain,  pp.  335  et  seq. 


2  Annuaire  for  1882. 
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•54  to  -33  per  thqusand  (Lewy).  During  the  Arctic  Expedition  of  1875, 
Dr  E.  L.  Moss,  qf  the  "Alert,"  found  it  to  range  from  0-483  to  0-641  per 
thousand ;  mean,  0-.552  ^  in  N.  Lat.  82°  27'. 

Fodor2  found  the  COg  at  Euda-festh,  during  the  years,  1877-8-9,  very 
constant  in  quantity,  the  mean  being  0-3886  per  1000  vols.  He  gives  the 
limits  as  0-200  to  0-600,  outside  which  cases  occur  very  seldom,  or  depend 
upon  errors ;  the  seasonal  range  is  lowest  in  winter,  an  increase  in  spring, 
again  a  diminution  jn  summer,  and  the  highest  point  is  reached  in  autumn. 
There  is  less  near  the  sea-shore  and  more  in  the  middle  of  the  continent ;  it 
appears  to  increase  in  snow  and  frost,  but  to  diminish  with  rain,  thaw  and 
wind  ;  the  north  wi^d  brings  Ipss  COg  with  it  than  the  south.  Fodor 
attributes  the  greatest  influence  on  the  variation  of  COg  in  the  atmosphere  to 
its  rising  from  the  ground  air;  the  CO^  being  always  greater  at  the  ground 
level  than  one  metre  above  it.  Levy  ^  gives  the  mean  CO^  at  the  Observatory 
of  Montsouris  at  0-302  per  lOQO  vols,  in  a  series  of  five  years'  observa- 
tions. 

Ammonia  and  organic  mattep  ought  probably  to  be  considered  as  impurities. 


SECTION  L 
IMPURITIES  IN  AIR. 

A  vast  number  of  substances,  vapours,  gases^  or  solid  particles,  continually 
pass  into  the  atmosphere.  Many  of  these  substances  can  be  detected  neither 
by  smell  nor  taste,  and  are  inhaled  without  any  knowledge  on  the  part  of 
those  who  breathe  them.  Others  are  smelt  or  tasted  at  first ;  but  in  a  short 
time,  if  the  substance  remains  in  the  atmosphere,  the  nerves  lose  their  delicacy  ; 
so  that,  in  many  cases,  no  warnings  and  in  other  instances,  slight  warning 
only  is  given  by  the  senses  of  these  atmospheric  impurities. 

As  if  to  compensate  for  this,  a  wonderful  series  of  processes  goes  on  in  the 
atmosphere,  or  on  the  earth,  which  keeps  the  air  in  a  state  of  purity. 

Gases  diffuse,  and  are  carried  away  by  winds,  and  thus  become  so  diluted 
as  to  be  innocuous ;  or  are  decomposed  if  compound,  or  are  washed  dowp  by 
rain  ;  solid  substances  lifted  into  the  air  by  winds,  or  by  ascensional  force  of 
evaporation,  fall  by  their  own  weight ;  or  if  organic,  are  oxidised  into  simple 
compounds,  such  as  water,  carbon  dioxide,  nitric  acid  and  ammonia ;  or  dry 
and  break  up  into  impalpable  particles,  which  are  washed  down  by  rain. 
Diffusion,  dilution  by  winds,  oxidation,  and  the  fall  of  rain,  are  the  great 
purifiers;  and,  in  addition,  there  is  the  wonderful  laboratory  of  the  vegetable 
world,  which  keeps  the  carbon  dioxide  of  the  atmosphere  within  certain 
limits.  If  it  were  not  for  these  counterbalancing  agencies,  the  atmosphere 
would  soon  beconip  too  impure  for  the  human  race.  As  it  is,  it  is  wonderful 
how  soon  the  immense  impurity,  which  daily  passes  into  the  air,  is  removed, 
except  when  the  perverse  ingenuity  of  man  opposes  some  obstacle,  or  makes 
too  great  a  demand  even  upon  the  purifying  powers  of  Nature. 

The  air  passing  into  the  lungs  in  the  necessary  and  automatic  process  of 
respiration,  is  drawn  successively  through  the  mouth  and  nose,  the  fauces 
and  the  air  tubes.    It  may  consist,  according  to  circumstances,  of  matters 

\  V^'  \  of  the  "  Discovery,"  found  much  higher  amounts,  but  the  conditions  may 

not  have  been  quite  the  same,  or  some  accidental  error  may  have  occurred  (See  Uprtnrf  nflhp 
Committee  cm  the  Outbreak  of  Scurvy,  1877.)  ^        ^  ^ 

2  Hygienische  Untersuchungen  iiber  Lu/t,  Boden  u.  Wasser,  Erste  Abtheilunff  Die  Luft 
Braunschweig  1881.  For  further  detaUs  from  this  important  work,  see  SoJi  ?n  Hvgien^^^ 
Army  Medxcal  Reports,  vol.  xxiii.  3  Annuaire  de  i/o«iTm?M882  ' 
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perfectly  gaseous  (as  in  pure  air)^  or  of  a  mixture  of  gases  and  solid  particles, 
mineral  or  organic^  which  have  passed  into  the  atmosphere. 

The  truly  gaseous  substances  will  doubtless  enter  the  passages  of  the  lungs, 
and  will  meet  there  with  that  wonderful  surlace,  covered  with  the  most 
delicate  tufts  of  blood-vessels,  unshielded  even,  it  is  supposed  by  some,  by 
epithelium,  which  stand  up  on  the  surface  of  5,000,000  or  6,000,000  air-cells, 
and  through  which  the  blood  flows  with  great  velocity ;  there  they  will  be 
absorbed,  and  if,  as  has  been  calculated,  the  surface  of  the  air-cells  is  as  much 
as  from  10  to  20  square  feet  (and  some  have  placed  these  figures  much  higher), 
we  can  well  understand  the  ease  and  rapidity  with  which  gaseous  substances 
will  enter  the  blood. 

The  solid  particles  or  molecules  entering  with  the  air,  may  lodge  in  the 
mouth  or  nose^  or  may  pass  into  the  lungs,  and  there  decompose,  if  of 
destructible  nature ;  or  may  dissolve  or  break  down  if  of  mineral  formation  ; 
or  may  remain  as  sources  of  irritation  until  dislodged ;  or  perhaps  become 
covered  over  with  epithelium  like  the  particles  of  carbon  in  the  miner's 
lung,  or  may  pass  into  epithelium,  and  enter  the  body  through  the  lym- 
phatics. 

If  such  particles  lodge  in  the  mouth  or  nose  they  may  be  swallowed,  and 
pass  into  the  alimentary  canal,  and  it  is  even  more  probable  that  this  should 
be  the  case  with  all  except  the  hghtest  and  most  finely  divided  substances, 
than  that  they  should  pass  into  the  lungs.  Although  incapable  of  present 
proof,  there  is  some  reason  to  think  that  some  of  the  specific  poisons,  which 
float  about  in  an  impure  atmosphere,  such  as  those  which  arise  from  the 
typhoid  or  cholera  evacuations,  may  produce  their  first  effects,  not  on  the 
lungs  or  bloodj  but  on  the  alimentary  mucous  membrane,  with  which  they 
are  brought  into  contact  when  swallowed. 


Sub-Section  I. — Suspended  Matters. 

Nature  of  Suspended  Substances.— An  immense  number  of  substances, 
orc^anic  and  inorgauic,  may  be  suspended  in  the  atmosphere.  From  the  soil 
the  winds  lift  sihca,  finely  powdered  silicate  of  aluminium,  carbonate  and  phos- 
phate of  calcium,  and  peroxide  of  iron.  Volcanoes  throw  up  fine  particles  of 
carbon,  sand,  and  dried  mud,  which,  passing  into  the  higher  regions,  may  be 
carried  over  hundreds  of  miles. 

The  animal  kingdom  is  represented  by  the  debris  of  the  perished  creatures 
who  have  lived  in  the  atmosphere,  and  also  it  would  appear  that  the  ascen- 
sional force  of  evaporation  will  lift  even  animals  of  some  magnitude  from  the 

surface  of  marsh  water.  ,        ■    c  ^^n,.^ 

From  the  veoetable  world  pass  up  seeds  and  debris  of  vegetation ;  pollen, 
spores  of  fitngi,  mycoderms,  mucedines,  which  may  grow  m  the  atmosphere, 
and  innumerable  volatile  substances  or  odours.  The  germs  also  of  vibriones, 
bacteria,  and  vionads  are  largely  present,  and  sma  1  eggs  of  various  kinds 

From  the  sea  the  wind  lifts  spray,  and  the  chloride  of  sodium  becom  ng 
dried  is  so  diffused  through  the  atmosphere,  that  it  is  difficult,  on  spectrum 
analysis,  to  find  a  spectrum  without  the  yellow  hne  of  soda 

The  works  and  habitations  of  man,  however,  furnish  matters  probably  of 
much  greater  importance  in  a  hygienic  point  of  view. 

It  is  not  easy  at  present  to  give  a  complete  enumeration  of  all  the  sub- 
stances, but  the  following  are  the  chief  facts,  divided  under  the  eadi^^^^^^^^^^^ 
suspended  substances  in  the  external  air;  m  rooms  mhabited  ^jj^^^f'^ 
persons  ;  in  rooms  inhabited  by  sick  persons  ;  in  workshops  and  factories. 
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Suspended  Substances  in  External  Air. 

1.  Diist  and  sand  shoioers. — In  different  parts  of  Europe  there  occur  from 
time  to  time  showers  of  dust  and  sand.  Ehrenberg^  gives  the  microscopic 
examination  of  seventy  showers  ;  in  addition  to  particles  of  sand  and  oxide 
of  iron,  there  were  numerous  organic  forms,  which  are  classed  by  Ehrenberg 
under  the  headings  oi 'polygastrica  (194  forms),  phytolitharice  (145  forms), 
pohjtlialmia,  (fee.  In  addition  there  were  portions  of  plants  and  fragments  of 
insects.  In  a  dust  storm  of  February  1872,  in  Sicily,  Silvestri^  found  four 
species  of  diatoms  and  living  infusoria.  These  sand-storms  are  sometimes 
called  monsoon  showers,  but  it  would  appear  that  any  violent  storm  of  a 
cyclonic  character  may  lift  the  dust  from  sandy  wastes,  as  from  the  African 
deserts,  and  transport  it  great  distances. 

It  remains  yet  uncertain  whether  all  dust-storms  are  entu'ely  of  telluric 
origin  ;  it  has  been  supposed  that  some  may  be  derived  from  meteoric  showers, 
i.e.,  may  enter  our  atmosphere  from  the  realms  of  space,  and  there  has  been 
some  speculation  as  to  whether  morpholithes  of  peculiar  nature  may  not  be 
contained  in  such  meteoric  dust  showers.^ 

There  seems  no  doubt  that  atmospheric  dust  may  travel  to  great  distances ; 
the  air  of  Berlin  has  evidently  contained  organisms  derived  from  the  African 
deserts,  and  the  sails  of  ships  600  or  800  miles  from  Africa  are  often  quite 
red  with  the  sand  which  lodges  on  them. 

2.  Independent  of  these  sand-storms,  there  are  numerous  lioing  creatures  in 
the  atmosphere  :  some  lifted  from  the  ground  by  winds,  others  growing  in  the 
air.  Ehrenberg  has  discovered  at  least  200  forms — rhizopods,  tardigrades,  and 
anguitlulce.  These  can  be  dried,  and  will  then  retain  their  vitality  for 
months,  and  even  years. 

When  the  external  air  is  examined  either  by  means  of  an  aeroscope  of  some 
kind,  or  by  drawing  it  through  previously  heated  glass  tubes,  surrounded  by 
a  freezing  mixture,  many  of  these  organisms  can  be  found,  Theu^  number 
cannot  be  directly  estimated  at  present.  Indirectly  A.  Smith  has  endeavoured 
to  calculate  the  amount*  from  the  ammonia  in  the  air  which  appears  to  be 
derived  from  organic  matter,  and  has  supposed  that  there  might  be  529,560 
germs  ( =  -0056  grain)  in  one  cubic  foot  of  the  air  of  a  city.  But  indirect 
calculations  of  this  kind  are  of  course  doubtful.  The  following  are  the  most 
important  kinds : — 

(a)  Extremely  small  round  and  oval  cells,  appearing  in  pairs  or  adhering 
together.  The  cells,  described  by  Lemaire,  ^  Trautman,  ^  Bechamp,  and 
others,  are  exceedingly  minute,  and  it  requires  a  power  of  600  to  1000 
diameters  to  see  them  properly.  Trautman  states  that  they  grow  faster 
when  sulphuretted  hydrogen  is  in  the  air,  and  are  checked  by  carboHc  acid. 
Lemaire  found  them  in  immense  quantities  in  the  air  of  dirty  prison  cells, 
and  in  the  sweat  of  the  prisoners  ;  they  will  occur,  however,  in  the  open  air! 
They  are  supposed  to  increase  rapidly  by  cleavage,  but  their  future  develop- 
ment, if  any,  is  uncertain;  no  effect  on  the  body  has  been  proved  to  be  pro- 
duced by  them. 

'  Uebersicht  der  seit  1847,  forgesetzten  Untersuchungen  iiber  das  von  der  AtmomherP 
unsichtbar  getragene  Heche  organische  Leben.    Berlin,  1871.  ^oiiwspnere 

'  Comptes  Rendus,  1872,  p.  991. 
J  Dr  0.  Hcihn  (whose  observations  are  confirmed  by  D.  D.  F.  Weiland)  is  said  to  havp  di-s 
covered  organisms  of  a  coralline  nature  in  the  interior  of  meteorites  of  the  cWr  trclns^ 
{Daily  Telegraph's  Berlin  Correspondent,  May  13,  1882).    Should  this  -orovP  -f 
Tip  a  new  and  intererting  field  of  study,  especially  in  connect?o    wi  h  SirWill?  ^^  t'i  P'"' 
suggestion  of  the  meteoric  origin  of  life  in  this  earth.  Thomson's 
A  tr  and  Rain,  p.  504.  5  Cmnptes  Rendus  de  I' Acad   Oct  ]8fi7  ^  fiq? 

«  Uie  Zersetzungsgase  als  Ursache  zur  Weiter-verbrdtung  dt  Sidemi  S 
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These  bodies  probably  correspond  to  the  micrococci  dv  sphcerobacteria  of 
Cohn. 

Other  bacteria  are  also  met  with,  such  as  B.  termo  (Microbacteria)  Bacillus 
and  vibrio  (Desmobacteria),  SpiriUum  and  Sxdrochaete  (Spirobacteria). 
Biirdon-Sanderson's  observations  threw  doubt  on  the  existence  of  bacteria  in 
the  air  as  such :  D.  D.  Cunningham  also  found  bacteria  were  rarely  present 
(that  is,  recognisable)  in  dry  atmospheric  dust,  but  they  were  occasionally 
found,  as  well  as  a  specimen  of  green  spirillimi ;  but  in  the  deposit  from  the 
moist  air  of  sewers  distinct  bacteria  were  frequently  observed.  The  truth 
probably  is  that,  although  they  may  be  rarely  met  with  in  full  development, 
this  depends  on  the  absence  of  proper  nutriment  and  favourable  conditions 
for  growth,  but  the  existence  of  their  spores  (perhaps  in  some  cases  the  so- 
called  sphcerobacteria)  appears  to  be  clearly  proved  by  the  cultivation  experi- 
ments of  TyndaU^  and  Fodor.^ 

The  number  of  bacteria  also  varies  with  the  season'  (Fodor,^  Miquel,^) 
being  greatest  in  autumn  (l42)  and  in  summer  (105),  le'g's  insprinlg  (85),  and 
least  in  winter  (49  per  metre  cube).  Part  of  this  variation  is  due  undoubtedly 
to  dryness,  for  it  is  observed  that  in  rainy  weather  they  are  little'  to  be  met 
with,  but  after  some  days  of  dry  weather  become  plentiful  (Nageli^  Fodor, 
Miquel). 

Fodor*  found  at  Buda-Pesth,  in  1878-9,  bacteria  in  522  out  of  646  observa- 
tions. Drawing  the  air  through  a  cultivating  solution,  he  found  numerous 
kinds  of  bacteria  developed.  The  micrococci  or  sphmrobdcteria  were  the 
most  frequent,  the  spirobacteria  the  rarest.  Desmobacteria  were  compara- 
tively rare.  One  fdrm  of  microb'acterium  he  calls  M.  agile,  and  attributes  to 
it  exceptional  infective  power.    Monads  were  rare. 

(6)  Spores  of  fungi  are  not  irifrequent ;  in  the  open  air'  they  occur  most 
commonly  in  the  sunlmer  (July  and  August)  ^  they  are  ricJt  in  this  country 
more  frequent  with  one  wind  than  another;  the  largest  number  found  by 
Maddox  in  ten  hdurs  was  250  spores  ;  on  some  days  not  a  spore  can  be  found. 
Maddox  leaves  undetermined  the'  kind  oi  fungus  which  the  Spores  developed 
under  cultivation  ;  the  spores  were  pale  or  olive-colotired  Srid  oval,  probably 
from  some  form  of  smut.  Angus  Smith  found  in  watef  through  which  the  ' 
air  of  Manchester  was  drawn  innumerable  spores.  Mr.  Hancer  has  calculated 
that  in  a  single  drop  of  the  water  250,000  fungoid  Spores  aS  well  as  mycelium 
were  present,  but  as  the  water  was  not  examined  for  some  time  there  may 
have  been  growth.  Mycelium  oi  fungus  seems  uncommon  in  the  air,  but  is 
scnictimes  found,  the  cells  of  the  Protococcus  pmLalis  are  not  uncommon, 
and  perhaps  of  other  algoe.  Blackley  ^  says  the  amount  of  spores  collected 
on  a  slide  in  four  hours  amounted  to  30,000  ar  40,000  per  square  inch.  Dr. 
D  D  Cunningham^  states  that  in  the  air  in  the  suburbs  of  Calcutta  spores  are 
constantly  present,  and  usually  in  considerable  nutabers.  He  gives  a  large 
number  of  beautiful  drawings.  ir-i 

Fodor 8  found  by  cultivation  that  mucedines  made  their  appearances  Ki 
times,  sareifrtae  48.  Bacteria  ^-^d.  fungi  seemed  to  alternate  m  seasons  and 
years.    Thus  in  spring  bacteria  were  most  numerous  and  fungi  fewest,  whilst 

1  Floatmg  Matter  in  the  Air  in  relation  to  Putrefaction  and  Infection,  by  John  Tyndall, 
P.R.S.    Longman,  1881. 

2  Op.  cit.  ^„  , 

3  Annuaire  de  Montsouris,  1882,  pp.  406,  et  seq. 

5  S^addox,  3fontMy  Journal  of  the  Microscopical  focietp  Jnnel^^^^^^  1871. 

6  Experivlental  Researches  on  the  Causes  ami  Nature  '>f  9^ffr^)l'^^f''X^^^ 

7  Ninth  Annual  Report  of  the  Sanitary  Cominissio^ier  with  the  Government  of  InUuu 

8  Op.  cit. 


EXTERNAL  AIR 


Description  of  Plate  V. 

External  Air. 

Fig.  1.  Fragment  of  Pine-wood. 

1',  Epidermis  of  Hay,  with  Fungus  attached. 

2.  Linen  fibres.  N.B.  The  thick  fibres  crossing  in  lower  third  of  plate. 

3.  Epithelium  (nucleated)  from  the  mouth. 

4.  Do.      detached  from  the  skin. 

5.  Cotton  fibre. 

6'.  Feather,  or  Down. 

a.  Charred  vegetable  particles,  and  mineral  matter. 


(To  Binder— To  face  Plate  V.) 
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the  opposite  was  the  case  in  autumn.  Snow  and  rain  lessened  the  quantity 
of  both. 

(c)  Parts  of  flowers,  especially  pollen,'^  in  the  spring  and  summer  are  very 
common,— cuticular  scales,  vegetable  fibres  and  hairs,  seed  capsules,  globular 
cells,  &c.    Near  habitations  are  also  found  bits  of  wood  often  withered  or 

I  burnt,  bits  of  charcoal,  starch  grains,  cotton  and  wool  fibres,  &c.  All  these 
substances  appear  from  Watson's  experiments  to  be  more  abundant  in  land 
than  sea  air,  as  might,  indeed,  be  expected.^ 

(d)  AnitTials,  or  portions^  such  as  scales  from  the  wings  of  moths  and 
butterflies  ;  portions  of  the  wings  of  insects  j  legs  of  spiders,  bits  of  spiders' 
webs,  and  similar  objects,  are  not  uncommon;  but  sometimes  even  living 
animals  of  some  size,  apparently  rhizopods  and  amoebiform  bodies. 

(c)  Mineral  substances,  fine  particles  of  sand,  clay,  and  chalk  are  generally 
met  with,  even  when  there  is  no  dust-storm,  and  are  mUch  more  common  when 
the  ground  is  dry  ;  rain,  indeed,  appears  not  only  to  prevent  these  particles 
from  being  lifted,  but  also  to  precipitate  those  in  the  air. 

In  manufacturing  districts,  or  near  a  railway,  there  may  be  even  large 
particles  of  metals^  or  pottery  clay,  or  stone  in  the  external  air ;  in  the  dust 
collected  from  a  railway  carriage  near  Birmingham,  Mr.  Sidebotham  ^  found 
many  large  particles  of  iron  capable  of  attraction  by  a  magnet,  and  being,  in 
fact,  fused  particles  of  iron  often  covered  with  spikes  and  excrescences. 

In  towns  with  macadamised  roads,  dust  and  remains  of  horse  droppings, 
finely  powdered  by  the  trafiic,  pass  into  the  air,  and  as  this  is  more  common 
in  dry  weather,  the  sanitary  importance  of  watering  and  washing  the  streets 
of  great  trafiic  is  manifest. 

Mr.  Tichborne  has  published*  Some  analyses  of  the  street  dust  of  Dublin  ; 
it  contained  from  29*7  per  cent,  of  organic  matter  (at  the  top  of  a  pillar  134 
feet  high)  to  45 '2  per  cent,  (in  the  air  of  a  street)  ;  the  organic  matter  was 
chiefly  stable  manure  finely  ground;  it  acted  as  a  ferment,  and  reduced 
nitrate  of  potassium  into  nitrite  ;  it  had,  therefore,  a  strong  deoxidising  power. 
The  plate  (No.  Y.)  drawn  by  Dr.  J.  D.  Macdonald,  R.K,  F.R.S.,  shows  some 
of  the  substances  collected  from  the  external  air  id  the  garden  of  St.  Mary's 
Hospital,  Paddington.^ 

(/)  It  cannot  be  doubted  that  various  organic  Substances  dried  in  the  ground 
and  finely  pulverised,  may  be  lifted  into  the  air  by  winds,  and  may  be  carried 
to  great  distances  ;  under  the  microscope  the  particles  would  probably  appear 
formless,  and  could  not  be  referred  to  any  special  class,  but  would  be  included 
under  the  term  of  "  dust,"  or  "  amorphous  matter/'  In  this  way  it  is  believed 
that  some  diseases  may  l3e  propagated ;  cholera,-  for  example,  by  the  particles 
of  dried  excreta  lifted  and  carried  by  the  wind,  and  smallpox  and  scarlet 
fever  by  the  disintegrated  epidermis  or  dried  discharges.  ^ 

Some  of  the  various  particles  of  diff'erent  kinds  thus  suspended  in  the  air 
reflect  and  scatter  the  rays  of  light,  and  produce  the  appearance  of  fine  motes, 

'  Blackley  {pp.  cit.)  shows  that  pollen  is  in  large  (luantities,  sometimes  amounting  to  7870 
grains  per  square  inch  of  slide.  In  the  upper  strata  of  the  air  (at  400  to  500  feet)  he  found 
inuch  more  than  in  the  lower,  on  an  average  19  times  as  much.  Cunningham  (on  cit  1  also 
found  pollen  m  large  quantity.  ^        v  Z'-  aiso 

2  Army  Medical  Department  Report,  vol.  xi.  p.  529  (1871). 

3  Chemical  News,  October  1871.  *  Ibid.,  Oct.  1870. 

Vrom  Three  Reports  on  tlie  Sariitary  Coridition  of  St.  Mary's  Uosvital  Paddkinim,  bv 
Surgeon-Major  F.  de  Chaumont,  M.D.,  1875-6.  ^    ^^^P%iat,  i  aaamcjton,  by 

.  of  the  back-yard  of  another  London  hospital,  I  found  considemblp  niinr.ti+i^c 

^^^^  the  "dirty  linen  area,"  where  the  foul  linSi  was  keSt  ^i  K?.  t^^^^ 
washed,  I  found  not  only  epithelium,  but  even  pus  globules,  and  also  a  Smv  .5  fnl 

[FTSf  ^  ^^^^^  ^'^^       ^-^-^"^^        free  Vd  li^  ttfe  Toog^S 
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which  are  familiar  to  every  one,  as  seen  in  the  course  of  a  ray  of  light  passing 
through  a  dark  room,  or  when  an  electric  beam  is  transmitted  through  a  tube. 
When  the  air  is  kept  motionless  they  subside,  so  that  most  of  them  have 
some  weight,  though  some  are  so  light  as  to  float  in  rarefled  air  (Tich- 
borne)  ;  when  heated,  Tyndall  has  shown  that  many  of  them  are  burnt, 
and  a  little  bluish  mist  arising  from  the  combustion  can  even  be  perceived  • 
the  destructible  nature  proves,  of  course,  the  organic  origin  of  those  comsumed, 
but  does  not  show  whether  they  are  organised  or  not. 


Suspended  Matters  in  Enclosed  Spaces. 

1.  Rooms  inhaUted  by  Healthy  Persons. — In  all  inhabited  rooms  which  are 
not  perfectly  ventilated,  the  presence  of  scaly  epithelium,  single  and 
tesselated;  round  cells  like  nuclei,  portions  of  fibres  (cotton,  linen,  wool), 
portions  of  food,  bits  of  human  hair,  wood,  and  coal,  can  be  found  in  addition 
to  the  bodies  which  are  present  in  the  external  air,  though,  as  pointed  out 
by  Watson,  mineral  matters  and  vegetable  matters  are  not  so  plentiful,  as  the 
comparative  stillness  of  the  air  allows  them  to  fall.^ 

In  some  cases  articles  of  furniture  may  furnish  certain  substances ;  the  flock 
wall-papers,  coloured  green  by  arsenical  preparations  (especially  Scheele's  green 
and  Schweinfiirth  green),  give  off  little  particles  of  arsenical  dust  into  the 
room  ;2  and  it  has  been  shown  by  Professor  Fleck  ^  that  the  arsenious  acid  in 
the  Schweinfiirth  green,  when  in  contact  with  moist  organic  substances,  and 
especially  paste  or  size,  forms  arseniuretted  hydrogen,*  which  diffuses  in  the 
room,  and  is  no  doubt  the  cause  of  some  of  the  cases  of  arsenical  poisoning 
from  green  papers. 

2.  Sick  Rooms. — In  addition  to  being  vitiated  by  respiration,  the  air  of 
sick-rooms  is  contaminated  by  the  abundant  exhalations  from  the  bodies,  and 
by  the  effluvia  from  discharged  excretions.  The  quantity  of  organic  matter 
is  known  to  be  large,  but  it  is  difficult  at  present  to  give  a  quantitative  state- 
ment. Moscati,  who  (in  1818)  condensed  the  watery  vapour  of  a  ward  at 
Milan,  describes  it  as  being  slimy,  and  as  having  a  marshy  smell.  The 
peculiar  smell  of  an  hosj)ital  is  indeed  very  remarkable,  and  its  similarity  in 
hospitals  of  different  kinds  seems  to  show  that  the  odorous  substance  has  a 
similar  composition  in  many  cases.  The  reaction  of  ozone  is  never  given  in 
such  an  atmosphere. 

Devergie  found  an  "  immense  amount "  of  organic  matter  in  the  air  in  the 
vicinity  of  a  patient  with  hospital  gangrene. 

The  dust  of  a  ward  in  St.  Louis,  in  Paris,  examined  by  Chalvet,  was  found 
in  one  experiment  to  contain  36  per  cent,  of  organic  matter,  and  in  another 
46  per  cent.  When  burnt,  it  gave  out  an  odour  of  horn.  The  dust  collected 
ill  hospitals  for  diseases  of  the  skin  is  stated  by  Gailleton  to  be  full  of 
sporules  of  Trichophyton.  They  can  be  found  in  the  air  of  the  ward 
when  condensed  by  ice. 

Much  interest  was  excited  in  1849  by  the  discovery  by  Drs.  Brittan  and 
Swayne,  of  Clifton,  of  bodies  very  like  fungi  in  the  air  of  a  cholera  ward ; 
later  researches  lead  to  the  opinion  that  this  observation  was  perfectly  correct, 


1  Numerous  observations  on  the  air  of  barracks  and  military  hospitals  have  been  made  by- 
medical  officers  of  the  army,  especially  by  Drs.  de  Chaumout  Frank,  Hewlett  (of  Bombay), 
Stanley,  Baynes  Reed,  Venner,  Watson  and  many  others.    (See  the  Anny  Medical  Depart 
ment  Annual  Reports,  from  1860-70). 

2  Halley  and  many  others. 

3  ^CT(!sc/i.. /wr  yiio^?:^,  Bd.  viii.  p.  445  (. 872).  ,    ,  ,  i  •  •  *  w 

4  Perhaps  other  substances  are  also  formed,  such  as  cyanide  of  kakodyle,  which  is  intensely 
poisonous  (Bartlett). 


Description  of  Plate  VI. 


Accident  Ward. 

Fig.  1'.  Epidermis  of  Hay.    1.  Do.  with  Fungus  attaclied. 

2.  Linen  fibre. 

2'.  Fungus  filament.  N.B.  Long  narrow  filament  in  upper  left  of  plate. 

3.  Nucleated  Epithelium  from  the  mouth. 
3a.  Pus  cells. 

4.  Worn  Epithelium  from  the  skin. 

4a.Chan'ed  vegetable  particles.    4cZ.  Fungus  spores. 

5.  Cotton  fibre. 

6.  Woollen  fibre. 

7.  Fragments  of  Insects. 

8.  Pine  Pollen. 

9.  Dried-xip  PalmeUaceous  Frthid. 

10.  Ciliated  spore,  probably  of  Vaitcheria. 


{To  Binder— To  face  Plate  VI.) 
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though  the  connection  between  these /ww^i  and  cholera  is  still  quite  uncertain. 
In  1849,  also,  Dr  Dundas  Thomson  drew  the  air  of  a  cholera  ward  through, 
sulphuric  acid ;  various  suspended  substances  were  arrested,  starch,  woollen 
fibres,  epithelium,  fungi  or  spores  of  fangi,  and  vihriones.  Mr.  Eainy  also 
found  in  the  air -of  a  cholera  ward  in  St  Thomas'  Hospital,  the  spores  and 
mycelium  of  fimgi  and  bacteria.  Some  of  these  bodies  were  found,  however, 
in  the  open  air.  In  hospitals  for  skin  diseases  Achorion  has  been  detected 
in  the  air  where  there  are  patients  with  favus  ;  and  Tilbury  Fox  ^  has  figured 
the  spores  (clustered  and  in  chains),  and  the  mycelium  ot  Trichophyton  in  a 
ward  with  a  number  of  children  with  tinea  drcinata. 

In  a  ward  in  Netley  Hospital  (under  Brigade  Surgeon  Veale,  A.M.D.) 
where  repeated  cases  of  erysipelas  occurred,  the  air  was  found  to  be  loaded 
with  fungi.  The  ward  being  emptied,  and  the  floor,  walls,  and  ceiling  being 
washed  with  carbolic  acid,  the  disease  ceased. 

The  scaly  and  small  round  epithelia  found  in  most  rooms  are  in  large 
quantity  in  hospital  wards  ;  and  probably  in  cases  where  there  is  much  ex- 
pectoration or  exposure  of  pus  or  puriform  fluids  to  the  air,  the  quantity 
would  be  still  larger. 

Considering  that  the  pleuro-pneumonia  of  cattle  is  probably  propagated 
through  the  pus  and  epithelium  cells  of  the  sputa  passing  into  the  air 
cells  of  other  cattle ;  that  even  in  man  there  is  evidence  of  a  pneumonic 
or  phthisical  disease  being  contagious,  ^  the  floating  of  these  cells  in  the 
air  is  worthy  of  all  attention.     It  may  explain  some  of  those  curious 
instances  of  phthisis  being  apparently  communicated.     In  the  air  of  a 
phthisical  ward  at   J^etley,  Dr.  Watson  not  only  found  pus  cells,  but 
bodies  which  were  not  found  in  the  external  air  or  in  the  rooms  of  healthy 
persons,  and  which  were  very  like  the  cells  seen  in  tuberculous  matter. 
In  mihtary  granular   conjunctivitis  (gray  granulations),  the  remarkable 
efl'ect  of  ventilation  in  arresting  the  spread  (Stromeyer)  seems  to  show  that 
we  have  here  a  similar  case,  and  that  ventilation  acts  by  diluting,  oxidis- 
ing, and  drying  the  cells  thrown  off  from  the  conjunctivEe.    In  smallpox 
wards,  Bakewell  has  found  unequivocal  evidence  of  minute  scales  of  smallpox 
matter  in  the  air.    It  seems  probable  that  the  discovery  of  suspended  matters 
of  this  kind  will  lead  to  most  important  results.^    The  possibility  of  a  direct 
transference  from  body  to  body  of  cells  undergoing  special  chemical  or  vital 
changes  is  thus  placed  beyond  doubt,  and  the  doctrine  of  contagion  receives 
an  additional  elucidation.    It  is  now  generally  admitted  that  protophytes  like 
Protococcus  pluvialis,  may  be  dried,  and  yet  retain  their  vitality  even  for 
years,  and  may  be  blown  about  in  atmospheric  currents ;  and  should  con- 
tagion be  proved  to  depend  upon  minute  organisms  these  might  easily  be 
carried  about  in  a  similar  way,  either  alone  or  carried  by  epithelium  or  other 
particles  thrown  off  from  the  bodies  of  patients.    The  success  which  has 
sometimes  attended  the  treatment  of  pleuro  pneumonia  in  cattle  by  means  of 
carbolic  acid  (Crookes),  and  the  apparent  advantage  of  inhaling  disinfectants 
m  huuian  phthisis,  seem  to  point  to  a  similar  active  cause  in  those  maladies  • 
and  this  appears  in  some  sort  confirmed  by  the  observation  of  Koch  on  the 
supposed  bacillus  of  phthisis. 

3.  Workshops,  Factories,  and  Mines.— Gxmd.mg  of  steel  and  iron  and 
stones ;  making  metallic  and  pearl  buttons  ;  melting  zinc  ;  meltincr  solder  • 
carding  and  spinning  textile  fabrics  of  all  kinds;  grinding  paint ^  making 

S  frf?f  ^'  ''^"^ary  1872.  2  Bryson,  Cases  in  the  Mediterranean  Flepf 

BoL  b  5s  Srtr^  bll'-  ""T?  Hospital/Paddington,  I  found  pt"  Sr,  near 
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cement,  and  in  fact  almost  innumerable  trades  cause  more  or  less  dust,  derived 
from  the  fabrics  and  materials,  to  pass  into  the  air. 

Dr.  Sigerson  ^  found  a  black  dust  composed  of  carbon,  iron  (in  the  shape  of 
small  jagged  pieces  and  also  as  hollow  balls  o-wtt  ^^^^  diameter), 

and  ash,  in  metal  shops.  In  the  air  of  a  printing  office  there  was  enough 
antimony  to  be  chemically  detected.  In  the  air  of  stables  were  equine  hairs, 
epithelium,  moth-cells,  ovules,  and  various  fungi. 

In  addition  to  these  suspended  matters,  which  vary  with  the  kind  of  work, 
the  air  of  workshops  is  largely  contaminated  by  respiration  and  by  the  com- 
bustion of  gas. 

In  mines  the  suspended  matters  are  made  up  of  the  particles  of  the  parti- 
cular substance  which  is  being  worked,  or  of  rock  excavated  to  obtain  metals, 
of  sooty  matters  from  lamps  and  candles,  and  of  substances  derived  from 
blasting. 


Sub-Section  11. — Gaseous  Substances. 

A  great  number  of  gases  may  pass  into  the  atmosphere  either  from  natural 
causes  or  from  the  works  of  man. 

Compounds  of  Carbon. — Carbon  dioxide  (abnormal  if  exceeding  5  in  10,000 
parts),  carbon  monoxide,  carburetted  hydrogen  or  methane,  and  peculiar  sub- 
stances (gaseous)  in  sewer  air. 

Compounds  of  Sulphur, — Sulphur  dioxide,  sulphuric  acid,  hydrogen  sul- 
phide, ammonium  sulphide,  and  carbon  disulphide. 

Compounds  of  Chlorine. — Hydrochloric  acid  from  alkali  works. 

Compounds  of  Nitrogen. — Ammonia  and  ammonium  acetate,  sulphide,  and 
carbonate  (normal  in  small  amount  ?),  and  nitrous  and  nitric  acids. 

Compounds  of  Phosphorus. — Hydrogen  phosphide. 

Organic  Vapours. — Of  the  exact  composition  of  the  vapours,  often  foetid, 
which  arise  from  various  decomposing  animal  matters,  little  is  known. 


Sub-Section  III. — Nature  op  Impurities  in  certain  Special  Cases. 

Air  Vitiated  by  Respiration. 

An  adult  man,  in  a  state  of  repose,  gives  off  in  twenty-four  hours  from  12  to 
16  cubic  feet  or  more,  according  to  weight,  of  carbon  dioxide,  the  most  of  it 
from  the  lungs,  although  he  also  emits  an  undetermined  quantity  by  the  skin. 
On  an  average,  an  adult  man,  not  doing  excessive  work,  may  be  considered 
to  give  to  the  atmosphere  every  hour  not  less  than  -6  cubic  foot  of  carbonic 
acid.  Pettenkofer  states  the  amount  at  about  0-7.2  Women  give  off  less, 
and  children  and  old  people  also  give  off  a  smaller  amount. 

The  amount  of  carbonic  acid  in  pure  air  being  assumed  to  be  on  an  average 
0-4  per  1000  or  four  volumes  per  10,000,  the  quantity  in  the  air  of  the  rooms 
vitiated  by  respiration  varies  within  wide  limits,  and  many  analyses  will  be 
found  in  books  The  following  table  is  a  part  of  the  numerous  experiments 
on  barrack-rooms  by  Dr.  de  Chaumont  on  this  point,  and  is  especially  valuable, 
because  the  amount  of  CO^  in  the  external  air  was  simultaneously  determined. 
The  analyses  were  made  at  night,  when  the  men  were  m  the  rooms  The 
cubic  space  per  head  was  600  feet  in  the  barracks  and  from  1200  to  1600 

in  the  hospitals.  

T British  Medical  Journal,  June  1870,  from  M^oirs  of  the  Irish  Academy,  in  whidi  publi- 
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The  last  column  of  the  table  shows  the  condition  of  the  ventilation  as 
measured  by  the  CO., ;  it  is  very  satisfactory  in  the  new  barracks  (Gos- 
port  and  Chelsea),  but  is  much  less  so  in  the  old  barracks  and  casemates. 
The  Herbert  and  Hilsea  military  hospitals  show  excellent  ventilation,  while 
the  old-fashioned  Portsmouth  garrison  hospital  is  in  this  respect  very  bad. 
The  prison  cells  show,  in  all  cases,  a  very  high  degree  of  respiratory  impurity, 
and  this  must  be  one  of  the  depressing  influences  of  long  cell  confinement. 
Wilson  1  gives  some  important  information  on  this  point.  In  cells  (in 
Portsmouth  Convict  Prison)  of  614  cubic  feet,  always  occupied,  he  found 
the  C02  =  0-720  per  1000;  the  prisoners  were  healthy  and  had  a  good  colour. 
In  cells  of  210  cubic  feet,  occupied  only  at  night  by  prisoners  employed  out- 
side during  the  day,  he  found  1-044  per  1000  of  COg ;  the  occupants  were  all 
ipale  and  anaemic. 

The  carbonic  acid  of  respiration  is  equally  diffused  through  the  air  of  a 
room  (Lassaigne,  Pettenkofer,  Roscoe) ;  it  is  very  rapidly  got  rid  of  by  opening 
windows,  and  in  this  respect  differs  from  the  organic  matter,  and  probably 
from  the  watery  vapour ;  neither  appears  to  dijffuse  rapidly  or  equably  through 
a  room. 


Amount  of  Carbon  Dioxide  in  1000  Volumes  of  Air  (de  Chaumont). 


CO2  in 
External 
Air. 

C02  in 

Largest 
Amount 
found. 

Room. 

Mean 
Amount. 

Mean 
Respiratory 
Impurity. 

•430 

1-846 

-645 

-215 

•398 

1-971 

1-404 

1-011 

•440 

1-408 

-976 

•536 

•470 

1-175 

-718 

•248 

•420 

1-731 

1-338 

•898 

•425 

1-874 

1-209 

•784 

•422 

1-027 

-838 

•416 

•306 

2-057 

•976 

•670 

•322 

1-309 

-928 

-606 

•424 

-730 

•472 

-048 

•405 

-741 

-578 

-173 

•660 

1-534 

-847 

•287 

•409 

3-484 

1-651 

1-242 

•555 

2-344 

1-335 

-780 

•452 

3-097 

1-691 

1-239 

•420  2 

1-926 

•989 

-569 

Barracks. 
Gosport  New  Barracks, 
Anglesey  Barracks, 
Aldershot, 
Chelsea, 

Tower  of  London,  . 
Fort  Elson  (Casemate),  . 
Fort  Brockhurst  (Casemate), 

Military  and  Civil  Hospitals 
Portsmouth  Garrison  Hospital, 
Portsmouth  Civil  Infirmary, 
Herbert  Hospital,  . 
Hilsea  Hospital, 
St.  Mary's,  Paddington, 

Military  and  Civil  Prisons, 
Aldershot  Military  Prison— Cells, 
Gosport  Military  Prison— Cells, 
Chatham  Convict  Prison— Cells, 
PentonvUle  Prison— Cells— Jebb's  system." 


The  amount  of  COg  is  often  much  greater  than  in  the  above  instances  In 
1  boys'  school  with  67  boys,  and  4640  cubic  feet  (  =  69  cubic  feet  per  head) 
Roscoe  found  3-1  parts  of  CO2  per  1000.  In  Leicester,  in  a  room  with 
31X  persons,  and  only  51  cubic  feet  of  space  per  head,  and  with  three  eras 
aghfes  burning,  Mr.  Weaver^  found  the  COg  to  be  5-28  parts  per  IO0I)  • 
while,  m  a  girls'  schooboom  (70  girls,  and  10,400  cubic  feet),  or  150  cubic 

J  Mrwp''*  °^  //ysrie^ie.  2  Assumed  at  -420. 

LarSt,  Jurand°AugST8l2^'°^  ^'^'''''^  ^^^^^^  "^"^  P^"^*^  Leicester. 


116 


AIU. 


feet  per  head,  Pettenkofer  found  no  less  than  7-230  parts  per  1000.  In 
many  schools,  workrooms,  and  factories,  the  amount  of  respiratory  impurity 
must  be  as  great  as  this,  and  doubtless  a  constant  unfavourable  effect  is 
produced  on  health.  Dr.  Hayne  (in  H.M.  ship  "Doris)"  found  the  COg 
to  range  from  1'03  to  3 '21  between  decks,  the  latter  quantity  being  in  the 
ward-room  with  the  scuttles  in.^  In  the  Arctic  Expedition  of  1875-6,  Dr. 
Moss  found  as  much  as  4*82  in  the  ward-room  of  the  "Alert,"  "room 
feeling  very  close;"  and  Dr.  Ninnis  found  5 '57  in  the  lower  deck  of  the 
"  Discovery." 

Gartner  2  found  in  the  armoured  corvette  "Jackson,"  about  1*0  between 
decks,  as  much  as  6  -42  in  the  sick-bay,  5  -54  in  the  cells,  and  no  less  than  50 
in  the  powder  magazines. 

In  a  horse  stable  at  the  Ecole  Militaire,  the  amount  was  7  per  1000.  At 
Hilsea,  with  a  cubic  space  of  655  cubic  feet  per  horse,  the  amount  was  1  '053  ; 
and  in  another  stable,  with  1000  cubic  feet  per  horse,  only  '593  per  1000  (de 
Chaumont).  Marcker  found  8*5  in  a  stable  in  Gottingen,  and  no  less  than 
17-07  in  a  byre. 

By  the  skin  and  lungs  pass  off  from  25  to  40  ounces  of  water  in  twenty-four 
hours,  to  maintain  which,  in  a  state  of  vapour,  211  cubic  feet  of  air  per  hour 
are  necessary  on  an  average.  Of  course,  however,  temperature  and  the 
hygrometric  condition  of  the  air  greatly  modify  this.  Organic  matter  is  also 
given  off  from  the  skin  and  lungs,  the  amount  of  which  has  never  been  pre- 
cisely determined.  !N"or  is  it  possible,  at  present,  to  estimate  it  correctly. 
This  organic  matter  must  be  partly  suspended,  and  is  made  up  of  small 
particles  of  epithelium  and  fatty  matters  detached  from  the  skin  and  mouth, 
and  partly  of  an  organic  vapour  given  off  from  the  lungs  and  mouth.  The 
organic  matter  from  the  lungs,  when  drawn  through  sulphuric  acid,  darkens 
it ;  through  permanganate  of  potash,  decolorises  it ;  and  through  pure  water, 
renders  it  offensive.  Collected  from  the  air  by  condensing  the  watery  vapour 
on  the  sides  of  a  globe  containing  ice  {as  by  Taddei  in  the  wards  of  the  Santa 
Maria  Novella),  it  is  found  to  be  precipitated  by  nitrate  of  silver,  to  decolorise 
potassium  permanganate,  to  blacken  on  platinum,  and  to  yield  ammonia.  It 
is  therefore  nitrogenous  and  oxidisable.  It  has  a  very  foetid  smell,  and  this 
is  retained  in  a  room  for  so  long  a  time,  sometimes  for  four  hours,  even  when 
there  is  free  ventilation,  as  to  show  that  it  is  oxidised  slowly.  It  is  probably 
in  combination  with  water,  for  the  most  hygroscopic  substances  absorb  most 
of  it.  It  is  absorbed  most  by  wool,  feathers,  damp  walls,  and  moist  paper, 
and  least  by  straw  and  horse-hair.  The  colour  of  the  substance  influences  its 
absorption  in  the  following  order  :— black  most,  then  blue,  yellow,  and  white. 
It  is  probably  not  a  gas,  but  is  molecular,  and  floats  in  clouds  through  the 
air,  as  the  odour  is  evidently  not  always  equally  diffused  through  a  room.  In 
a  room,  the  air  of  which  is  at  first  perfectly  pure,  but  is  vitiated  by  respiration, 
the  smell  of  organic  matter  is  generally  perceptible  when  the  CO^  reaches 
•7  per  1000  volumes,  and  is  very  strong  when  the  COg  amounts  to  1  per 
1000  3  From  experiments  made  at  Gravesend,  Netley,  Aldershot,  and 
Hilsea  by  various  medical  officers,'^  it  has  been  shown  that  the  amount  of 
potassium  permanganate  destroyed  by  air  drawn  through  its  solution  is 
generally  in  proportion  to  the  amount  of  CO^  of  respiration. 

When  the  air  of  inhabited  rooms  is  drawn  through  pure  water,  and  the  free 
ammonia  got  rid  off,  distillation  with  alkaline  permanganate,  m  the  method 


1  Med.  Chir.  ?Va9is. ,  vol.  Ivii.  ■,,       ^      -da  qro  issi 

2  Deutsche  VierteljahrschHftfur  OffentUche  Gemndheitspflege,  Bd  xiii.  p.  369,  1881. 

3  On  tWs  point  see  table  at  page  149.  *  See  note,  p.  iiZ. 
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of  Wanklyn,  gives  a  perceptible  quantity  of  "albuminoid  ammonia."  In 
a  bed-room  at  9  p.m.,  A.  Smith^  found  '1901  milligrammes  in  1  cubic  metre  of 
air  ;  at  7  a.m.  there  were  -3846  milligrammes  in  each  cubic  metre. 

The  average  of  eight  observations  in  the  external  air  (at  Portsmouth)  gave 
0-0935  of  free  ^^"113,  and  0-0886  of  albuminoid  NH3  in  milligrammes  per 
cubic  metre.  In  the  Portsmouth  General  Hospital  the  free  NHg  was  as  high 
as  0*855,  and  the  albuminoid  1'307.2 

The  following  is  from  . Dr.  de  Chaumont's  Eeports  on  the  Ventilation 
Experiments  at  St.  Mary's  Hospital,  Paddington : — 


Milligrammes  per  Cubic  Metre. 


Total 

Free  NH3. 

Albuminoid 
NH3. 

Organic 
oxygen. 

oxygen  for 
oxidisable 

Eemarks. 

matter. 

External  air,  ) 
July  1875,      .  \ 

0-3574 

0-5280 

1-4300 

{  Air  damp  and  still,  wind 
1     S.W.,  slight. 

Wards, 

0-6680 

0-4710 

1-4900 

Do.  , 

0-6669 

0-6770 

1-5100 

Do.  .  . 

0-3519 

0-6915 

1-3600 

External  air,  ) 
August  1876,  .  ) 

0-0163 

0-5206 

0-4444 

0-5714 

j  Air  dry  and  warm,  wind 
1     S.E.  by  E.,  fresh. 

Wards, 

0-0497 

0-4622 

0-3747 

0-5621 

Do.  . 

nil 

0-2824 

0-2571 

0-5142 

Do.  . 

0-0310 

0-3576 

0-3101 

0-3567 

Do.  . 

0-0127 

0-5259 

0-2225 

0-4451 

Do.  . 

0-0100 

0-3684 

0-4420 

0-6315 

It  is  evident  that  the  condition  of  the  external  air,  -with  regard  to  move- 
ment and  humidity,  has  a  great  deal  to  do  with  the  amount  of  organic  matter. 
The  nitrogen  acids  are  also  met  with ;  in  one  instance^  in  the  above  experi- 
ments, they  reached  in  a  ward  28-484:  per  metre,  of  which  0*7392  was 
nitrous,  and  the  rest  nitiic  acid. 

Air  vitiated  hy  Combustion. 

The  products  of  firing  pass  out  into  the  atmosphere  at  large  ;  those  of  light- 
ing are  for  the  most  part  allowed  to  diffuse  in  the  room. 
Coal  of  average  quality  gives  off  in  combustion — 

1.  Carbon. — About  1  per  cent,  of  the  coal  is  given  off  as  fine  carbon  and 
tarry  particles. 

2.  Carbon  dioxide. — In  Manchester,  Angus  Smith  calculated  some  years  ago 
that  15,000  tons  of  carbon  dioxide  were  daily  thrown  out,  and  the  quantity 
must  now  be  still  larger.  In  London  over  30,000  tons  of  coal  0..  day  are 
consumed,  and  this  would  yield  nearly  90,000  tons  of  carbon  dioxide. 

3.  Carbon  monoxide. — The  amount  depends  on  the  perfection  of  combustion. 

4.  Sulphur,  sulphur  dioxide,  and  sulphuric  acid.- — The  amount  of  sulphur 
in  coal  varies  from  to  6  or  7  per  cent.  In  the  air  of  Manchester,  A.  Smith 
found  I  grain  of  sulphuric  acid  in  2000  and  1076  cubic  feet. 

5.  Carbon  disulphide. 

6.  Ammonium  sulphide  or  carbonate. 

^'^o^A  p.  436.— If  expressed  as  grammes  per  million  cubic  meters  the  amount  is 
°Mo8s.  nJ>^  ^  "^"'^"^  ^""^^^'^      83-07l'and  146  210 
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7.  Hydrogen  sulpliide  (sometimes). 

8.  Water. 

From  some  manufactories  there  pour  out  much  greater  quantities  of  SO^ 
(copper  works),  arsenical  fumes,  hydrogen  sulphide,  carbon  dioxide,  &c. 

For  complete  combustion  1  1)  of  coal  demands  about  240  cubic  feet  of  air. 

Wood  produces  carbon  dioxide  and  monoxide  and  water  in  large  quantity, 
but  few  compounds  of  sulphur.  1  K)  of  dried  wood  demands  about  120 
cubic  feet  of  air  for  complete  combustion. 

Coal-gas,  when  fairly  purified,  is  composed  of — 


Hydrogen,  ...... 

40 

to 

45-58 

Marsh  gas  (light  carburetted  hydrogen),  . 

35 

to 

40 

Carbon  monoxide,  ..... 

3 

to 

6-6 

Olefiant  gas  (ethylene  or  ethene). 

3 

to 

4 

Acetylene  (or  ethine),  .... 

2 

to 

3 

Hydrogen  sulphide,  .... 

0- 

29  to 

1 

Nitrogen,  ...... 

2 

to 

2-5 

Carbon  dioxide,  ..... 

3 

to 

3-75 

Sulphur  dioxide,     .       .       .       •  )  * 
Ammonia  or  ammonium  sulphide,    .  ?■ 

5  to 

1 

(or  in 

the  best  cannel 

Carbon  disulphide,         .       .       •  )  • 

coal  gas  only  traces.) 

In  some  analyses  the  carbon  monoxide  has  been  as  high  as  11  per  cent,  and 
the  light  carburetted  hydrogen  56  ;  in  such  cases  the  amount  of  hydrogen  is 
small.  As  much  as  60  grains  of  sulphur  have  been  found  in  100  cubic  feet 
of  gas.i  The  parliamentary  maximum  is  20  grains  in  100  cubic  feet.  In 
badly  purified  gas  there  may  be  a  great  number  of  substances  in  small  amount, 
especially  hydrocarbons  and  alcohols,  such  as  propylene,  butylene,  amylene, 
benzole,  xylol,  some  of  the  nitrogenous  oily  bases,  such  as  pyrrol,  picoline, 
&c.^ 

When  the  gas  is  partly  burnt,  the  hydrogen  and  light  and  heavy 
carburetted  hydrogens  are  almost  destroyed ;  nitrogen  (67  per  cent.),  water 
(16  per  cent),  carbon  dioxide  (7  per  cent),  and  carbon  monoxide  (5  to  6  per 
cent.),  with  sulphur  dioxide  and  ammonia,  being  the  principal  resultants. 
And  these  products  escape  usually  into  the  air  of  rooms.  With  perfect  com- 
bustion there  will  be  little  carbon  monoxide. 

According  to  the  quality  of  the  gas,  1  cubic  foot  of  gas  will  unite  with 
from  -9  to  1-64  cubic  feet  of  oxygen,  and  produces  on  an  average  2  cubic  feet 
of  carbon  dioxide,  and  from  -2  to  -5  grains  of  sulphur  dioxide.  In  other 
words  1  cubic  foot  of  gas  will  destroy  the  entire  oxygen  of  about  8  cubic 
feet  of  air.    One  cubic  foot  of  gas  wiU  raise  the  temperature  of  31,290  cubic 

feet  of  air  1°  Fahr.  ^    ^  ^KA      ■      *  -i 

Oil  —A  lamp  with  a  moderately  good  wick  burns  about  154  grains  ot  oil 

per  hour,  consumes  the  oxygen  of  about  3-2  cubic  feet  of  air  and  produces  a 

little  more  than  l  a  cubic  foot  of  carbon  dioxide;  1  %  of  oil  demands  from 

140  to  160  cubic  feet  of  air  for  complete  combustion. 
A  candle  of  6  to  the  R)  burns  per  hour  about  170  grains 
The  products  of  the  combustion  of  coal  and  wood  pass  into  the  atmosphere, 

and  usimlly  are  at  once  largely  diluted.    Diffusion  and  the  ever-moving  air 

rapidly  purify  the  atmosphere  from  carbon  dioxide. 

It  is  iot  so,  however,  with  the  suspended  carbon  and  tarry  matters,  which 

are  too  heavy  to  drift  far,  or  to  ascend  high.    As  a  rule,  the  particles  of  car- 

1  CAcmicaZ  iVe2<JS,  March  1865,  p.  154.  „„^,r  ;,v,T^r.,.for>+  opp  Pnineuheim's 

9  For  a  fuller  list  of  these  substances,  which  do  not  appear  very  important,  see  1  appenneim 

Eandbuch  der  San.  Pol,  Band  iii.  Supp.  p.  261. 
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13011  are  not  found  higher  than  600  feet ;  and  the  way  it  accumulates  m  the 
lower  strata  of  the  atmosphere  can  he  seen  by  looking  at  any  lofty  building  in 
London  The  air  of  London  is  so  loaded  with  carbon,  that  even  when  there 
is  no  fog,  particles  can  be  collected  on  Pouchet's  aeroscope  when  only  a  very 
small  quantity  of  air  is  drawn  through.  i,     •  , 

It  is  apparently  chiefly  from  combustion,  and  in  some  cases  from  chemical 
works,  that  the  air  of  towns  contains  so  much  acid  as  to  make  ram  water  acid. 
In  Manchester,  in  1868,  Angus  Smith  found  the  rains  to  contain  from^5-6 
grains  to  14  grain  of  sulphuric  acid  (free  and  combined),  and  from  1-277  to 
m87  grains  of  hydrochloric  acid  per  gaUon.  In  Liverpool  and  Newcastle  air 
the  same  thing  occurs;  the  sulphuric  acid  is  always  larger  in  amount  than  the 
hydrochloric. 

Sulphurous  and  sulphuric  acids  also  appear  to  be  less  rapidly  removed,  as 
Angus  Smith  found  a  perceptible  quantity  in  the  air  of  Manchester  ;  and  the 
rain  water  is  often  made  acid  from  this  cause. 

The  products  of  gas  combustion  are  for  the  most  part  allowed  to  escape  into 
rooms,  but  certainly  this  should  not  be  allowed,  when  gas  is  burnt  in  the  large 
quantities  commonly  used.  The  immense  quantity  of  gas  often  used  causes 
great  heat,  humidity  of  the  air,  and  there  is  also  some  sulphur  dioxide,  an 
excess  of  carbon  dioxide,  and,,  probably,  a  little  carbon  monoxide,  to  which 
some  of  the  effects  may  be  due.  Weaver  ^  found  as  much  as  5-32  volumes 
of  carbon  dioxide  per  1000  in  the  room  of  a  frame-work  knitter  in  Leicester, 
with  14  gas  lights  biu-ning.  In  other  workrooms  the  amounts  were  5-28,, 
4-6,  down  to  2-11  volumes  per  1000.  This  amount  has  a  very  injurious 
effect  on  health,  as  shown  long  ago  by  Dr.  Guy.  In  a  workshop  in  Paris, 
with  400  men  and  400  gas-burners,  the  health  of  the  men  was  very  bad. 
General  Morin  introduced  good  ventilation,  and  the  number  of  cases  of  illness 
was  reduced  one-third.  The  appetite  of  the  men,  formerly  very  bad,  greatly 
improved.  According  to  Dr.  Zock,^  coal  gas  gives  off  rather  more  carbon 
dioxide  for  an  equal  illuminating  power  than  oil,  but  less  than  petroleum. 
Dr.  Odling  found  for  equal  illuminating  power,  that  candles  gave  more 
impurity  to  the  air  than  gas.^    Gas  gives  out,  however,  more  water. 

In  tobacco  smoke  are  contained  particles  of  nicotine  or  its  salts  (Heubel), 
and  probably  of  picoline  bases.  There  is  also  much  carbon  dioxide,  ammonia,, 
and  butyric  acid. 

Dr.  Eipley  Nichols  has  investigated  the  air  in  smoking  cars  on  American 
railways,  and  found  the  COg  to  range  from  0*98  to  3"35  per  1000,  with  a 
mean  of  2*278  :  in  ordinary  non-smoking  cars  the  CO^  varied  from  1.'74  to 
3*67,  with  a  mean  of  2*32,  so  that  there  was  not  much  difference  as  far  as 
CO2  went.  As  regards  ammonia,  however,  the  difference  was  great,  for  (taking 
the  external  air  ratio  as  100)  he  found  in  the  smoking  car  from  310  to  575, 
whilst  in  the  ordinary  cars  it  was  only  135  to  175.  None  of  the  peculiar 
products  of  the  combustion  of  tobacco  were  found.^ 

Air  vitiated  hy  Effluvia  from  Sewage  Matter  and  Air  of  Sewers. 

Air  of  Cesspools. — The  air  of  cesspools,  and  especially  of  the  cemented  pits 
which  are  still  common  in  many  continental  towns,  and  which  receive  little 
beyond  the  solid  and  liquid  excreta  and  some  of  the  house  water,  is  generally 
highly  impure.  L(^vy  ^  refers  to  an  extreme  case,  in  which  the  oxygen  was 
lessened  to  2  per  cent.,  the  nitrogen  being  94  and  the  COg  4.    In  this  case 

1  Lancet,  July  1872.  2  Zeiisch.  fur  Biol,  Band  ii.  p.  117  (1866). 

3  Medical  Ti/mes  and  Oazette,  Jan.  9,  1869. 

■*  Reprint  from  the  Sixth  Annual  liexwrt  of  the  Massachusetts  Board  of  Health 
Train  d  HygiHe,  3d  edit.  p.  636. 
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apparently  no  other  gases  were  present ;  but  in  most  instances  there  is  a  vari- 
able amount  of  hydrogen  sulphide/  ammonium  sulphide,  nitrogen,  carbon 
aioxide,  and  carburetted  hydrogen,  in  addition  to  fcetid  organic  matters, 
iliese  organic  matters  are  in  large  amount ;  G2  feet  of  the  air  of  a  cesspool 
1 ^^^^"^  Smith's  experiments,  as  much  potassium  permanganate 
as  176,000  cubic  feet  of  pure  air,  though  perhaps  some  hydrogen  sulphide 
may  have  been  also  present.  Oesterlen  2  states  that  these  gases  will  pass 
easily  through  walls;  and  M.  HennezeP  noticed  that  in  the  "fosses 
d  aisances  "  in  Paris,  even  in  those  covered  with  stone  slabs  and  earth,  the 
wind  blowing  down  the  ventilating  tube  will  force  the  gas  through  the 
neighbouring  walls,  and  then  perhaps  into  the  house. 

The  Air  of  Seivers.— In  sewers  the  products  of  decomposition  are  variable, 
as  not  only  solid  and  liquid  excreta  and  house  water,  but  the  washings  and 
debris  of  the  streets,  the  refuse  of  trades,  &c.,  pass  into  the  sewers.  As  a 
rule,  the  products  of  decomposition  of  the  sewer  water  appear  to  be  much  the 
same  as  noted  above— viz.,  foetid  organic  matters,  carbo-ammoniacal  substances 
condensing  with  the  water  of  the  air  on  the  cold  walls,  carbon  dioxide, 
nitrogen,  and  hydrogen  sulphide.*  The  proportions  of  these  gases  are  vari- 
able ^ ;  the  most  common  are  carbon  dioxide  and  nitrogen ;  marsh  gas  is 
found  when  oxidation  is  impeded,  and  hydrogen  sulphide  and  ammonium 
sulphide,  which  form  in  the  sewer  water  in  most  cases,  are  liberated  from  time 
to  time.  The  gases,  however,  are,  as  a  rule,  of  far  less  importance  than  the 
foetid  organic  matters,  the  exact  nature  of  which  it  would  be  most  desirable 
to  examine  more  thoroughly. 

The  organic  vapour  is  carbo-ammoniacal;  the  putrid  substance  in  the  sewer 
water  appears,  from  Odling's  observations,  to  be  allied  to  the  compound 
ammonias ;  it  contains  more  carbon  than  methylamine  (]S'H„(CH,) ),  and  less 
than  ethylamine  (NH2(C2H5) ). 

The  composition  of  sewer  air  will,  of  course,  vary  infinitely  with  the  amount 
of  gases  disengaged  and  the  degree  of  ventilation  in  the  sewer.  The  quantity 
of  oxygen  is  sometimes  in  normal  amount ;  it  may,  however,  be  diminished 
in  very  badly  constructed  sewers.  Parent-Duchatelet  gave  an  analysis  of  the 
air  of  a  choked  sewer  in  Paris,  which  contained  only  13-79  per  cent,  of 
oxygen,^  and  no  less  than  2 '99  per  cent,  of  hydrogen  sulphide.  Excluding 
this  analysis,  the  greatest  impurity  in  the  old  Parsian  sewers,  as  determined 
by  Gaultier  de  Claubry,  in  19  analyses ''  in  1829,  was  3-4:  per  cent,  of  carbon 
dioxide  and  1-25  per  cent,  of  hydrogen  sulphide  (in  different  samples  of  air). 
The  lowest  amount  of  oxygen  was  17*4  per  cent.  Hydrogen  sulphide  was 
present  in  18  out  of  19  cases;  the  mean  of  whole  19  cases  being  '81  per  cent. 
The  mean  amount  of  COg  in  19  cas'cs  was  2*3  per  cent.  In  the  present 
London  sewers  of  good  construction  the  air  is  much  less  impure.  Dr. 
Letheby  found  only  '532  per  cent,  of  COg,  a  good  deal  of  ammonia,  and  only 
traces  of  hydrogen  sulphide  and  marsh  gas.  Dr.  Miller's  experiments  in 
1867  ^  gave  a  mean  of  only  0'106  per  cent,  of  COg  in  18  analyses,  and  '307 
per  cent,  in  6  other  instances,  the  oxygen  20*71  per  cent.  No  hydrogen 
sulphide  was  present.    Dr.  Eussell  examined  the  air  in  the  sewers  of  Padding- 


1  Barker,  On  Malaria  and  Miasmata,  p.  245.  2  Oesterlen,  Hygiene,  1857,  p.  445. 

3  Ann.  d' Hygiene,  Oct.  1868,  p.  178.  *  Oesterlen,  Ilandb.  der  Hyg.,  2d  edition,  p.  445. 

^  Dr.  Letheby's  experiments,  as  given  in  his  official  Eeport,  in  his  article  in  the  Ency- 
rlopasdia  Britannica,  8th  edition  (Sanitary  Science),  &c.,  and  in  a  letter  to  Dr.  Adams  (given 
by  Dr.  Adams  in  his  pamphlet,  Tlie  Sanitary  Aspect  of  tM  Sevmge  Question,  1868,  p.  34),  are 
the  most  complete  on  this  subject. 

0  Hygiene  publ.,  t.  i.  p.  209,  footnote,  and  p.  390. 

f  Parent- DuchMelet's  Hyg.  publique,  t.  i.  p.  389. 

^  Abstract  in  Chemical  News,  March  1868. 
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ton  in  August ;  the  most  impure  air  contained  20'7  oxygen,  78*798  nitrogen, 
and  -51  volumes  of  COg  per  cent.;  there  was  very  little  ammonia,  and  no 
hydrogen  sulphide. 

It  is  evident  that,  if  we  take  the  carbon  dioxide  and  hydrogen  sulphide 
as  indices,  sewer  air  has  no  constant  composition.  It  is  sometimes  almost  as 
pure  as  the  outside  air,  while  at  other  times  it  may  he  highly  impure.  But 
these  gases  are  probably  the  least  important  ingredients  of  sewer  air ;  that 
organic  matters  are  present  is  evident  from  the  peculiar  foetid  smell,  and  in 
some  cases  they  are  in  large  amount ;  8000  cubic  feet  of  the  air  of  a  house 
into  which  sewer  air  had  penetrated  destroyed  more  than  20  times  as  much 
potassium  permanganate  as  the  same  quantity  of  pure  air  (Angus  Smith). 
Fungi  grow  rapidly  in  such  air,  and  meat  and  milk  soon  taint  when  exposed 
to  it.  When  the  sewer  air  passes  through  charcoal  these  substances  are 
absorbed ;  they  may  be  partly  oxidised,  as  Dr.  Miller  found  some  nitric  acid 
in  the  charcoal,  but  they  also  collect  in  the  charcoal  and  can  be  recovered  (in 
part  at  any  rate)  from  it  by  distillation.  ^ 

We  must  also  suppose,  for  facts  leave  us  no  other  explanation,  that  the 
unknown  agencies  which  produce  typhoid  fever  may  also  be  present,  and 
there  can  be  little  doubt  that  cholera  ^  may  occasionally  spread  in  the  same 
way.  The  poison  of  yellow  fever  (as  appears  likely  from  the  epidemic 
in  Madrid)  may  also  exist  in  sewer  air.  Whether  small-pox,  scarlet  fever,  &c. 
can  own  a  similar  channel  of  distribution  is  uncertain,  although  they  are  no 
doubt  aggravated  by  it ;  that  dysentery  and  diarrhoea  may  also  be  caused  by 
exhalations  proceeding  from  a  foul  sewer  we  cannot  doubt,  but  the  precise 
agency  is  here  also  unknown. 

The  experiments  of  Professor  Frankland^  show  that  solid  or  liquid 
matter  is  not  likely  to  be  scattered  into  the  air  from  the  sewage  itself  by  any 
agitation  it  is  likely  to  undergo,  until  gas  begins  to  be  generated  in  it.  He 
found  that  no  ordinary  agitation  (even  greater  than  sewer  water  is  likely  to 
meet  with)  would  scatter  particles  of  lithia  solution  into  the  air,  but 
that  the  bursting  of  bubbles  of  carbon  dioxide  was  sufficient  to  effect  it. 
Hence  he  argues  (with  apparent  truth)  that  sewage  becomes  dangerous  in  this 
way  only  after  the  setting  in  of  decomposition,  so  that  if  we  take  proper  steps 
to  carry  away  sewage  at  once  the  danger  becomes  reduced  to  a  minimum. 

Dr.  D.  D.  Cunningham  found  large  quantities  of  bacteria  in  the  air  of  the 
Calcutta  sewera 

Air-  of  Churchyards  and  Vaidts. 

^  The  decomposition  of  bodies  gives  rise  to  a  very  large  amount  of  carbon 
dioxide.  It  has  been  calculated  that  when  intramural  burial  was  carried  on 
in  London,  2|  millions  of  cubic  feet  of  COg  were  disengaged  annually  from 
the  52,000  bodies  then  buried.  Ammonia  and  an  offensive  putrid  vapour 
are  also  given  off.  The  air  of  most  cemeteries  is  richer  in  COg  ('7  to  -9  per 
1000,  Ramon  da  Luna),  and  the  organic  matter  is  perceptibly  large  when 
tested  by  potassium  permanganate.  In  vaults,  the  air  contains  much  CO  , 
carbonate  or  sulphide  of  ammonium,  nitrogen,  hydrogen  sulphide,  and  organic 
matter  (Pellieux).  Waller  Lewes  found  little  SH2  or  CH^  ;  or  cyanogen,  6r 
hydrogen  phosphide.    In  his  experiments  the  gas  always  extinguished^flame. 

Fungi  and  germs  of  infusoria  abound. 

1  Miller,  Chemical  Nnos,  March  1868. 
Dr  P  ^^"^^f^  sewers  probably  played  a  part  in  the  dissemination  of  cholera  is  eiven  in 

Sis        '^'^^  ''^  Southampton  in  1866  to  the  Medical  OfficeJof  thTpri^ 

'      '  Proceedings  of  the  Roijal  Society,  1877. 
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Air  vitiated  by  certain  Trades. 
Hydrochloric  acid  gas,  from  alkali  works. 

Sulphur  dioxide  and  sulphuric  acid,  from  copper  works — bleaching. 

Hydrogen  sulphide,  from  several  chemical  works,  especially  of  ammonia. 

Carbon  dioxide,  carbonic  monoxide,  and  hydrogen  sulphide,  from  brick- 
fields and  cement-works. 

Carbon  monoxide  (in  addition  to  above  cases),  from  iron  furnaces,  gives 
rise  to  from  22  to  25  per  cent.  (Letheby) ;  from  copper  furnaces,  15  to  19 
per  cent.  (Letheby). 

Organic  vapours,  from  glue  refiners,  bone-burners,  slaughter-houses, 
knackeries. 

Zinc  fumes  (oxide  of  zinc),  from  brassfounders. 
Arsenical  fumes,  from  copper-smelting. 
Phosphoric  fumes,  from  manufacture  of  matches. 
Carbon  disulphide,  from  some  india-rubber  works. 

Air  of  Toivns. 

The  air  of  towns  may  be  vitiated  by  respiration,  combustion,  effluvia  from 
the  soil,  sewers,  and  trades.  The  movement  of  the  air  tends,  however,  io  con- 
tinually dilute  and  remove  these  impurities,  and  the  heavier  particles  deposit, 
so  that  the  air  even  of  manufacturing  towns  is  purer  than  might  have  been 
anticipated.  The  amount  of  oxygen  in  the  atmosphere  in  the  purest  air  near 
the  surface  of  the  earth,  being  taken  as  from  20 '9  to  20*99  volumes  per  cent., 
and  the  carbon  dioxide  being  from  '03  to  •045  per  cent.,  with  a  mean  of  '04,  it 
would  appear,  from  Angus  Smith's  observations,^  that  in  a  crowded  part  of 
Manchester,  exposed  to  smoke,  the  amount  of  oxygen  was  from  20'868  to 
20 "179  per  cent.  ;  the  average  of  the  street  air  taken  from  the  laboratory 
front  door  was,  in  Manchester,  20'943  ;  of  the  closet,  a  midden  behind  the 
laboratory,  20*70.  In  the  London  air,  in  the  open  spaces,  the  oxygen 
amounted  to  20*95  ;  in  the  crowded  eastern  districts  to  20"857.^  In  a  foggy 
frost,  in  Manchester,  when  the  smoke  was  not  moving  much,  the  amount 
was  20"91.  In  Glasgow  the  average  was  20-9092.  The  variations  are, 
therefore,  within  narrow  limits. 

The  percentage  lessening  of  oxygen  in  atmospheric  air  is  partly  made  up  by 
an  increase  in  the  carbon  dioxide ;  but  if  a  town  is  well  built,  the  increase 
is  trifling ;  the  mean  amount  of  COg  for  London,  in  Eoscoe's  experiments, 
was  only  "037  volumes  per  cent. ;  in  Manchester,  in  usual  weather,  A.  Smith 
found  the  amount  -0403  per  cent.  ;  during  fogs,  -0679 ;  in  the  air  above  the 
middens,  '0774  per  cent.  It  is  stated  that  there  is  a  difference  between  close 
and  open  spaces  in  towns ;  thus,  in  the  open  spaces  (parks)  in  London,  the 
mean  amount  in  A.  Smith's  experiments  was  -0301  per  cent. ;  in  ISTewgate 
Street  (in  the  City),  it  was  -0413;  in  Lower  Thames  Street  (City),  -0428 
per  cent.  It  is  not,  however,  stated  whether  the  observations  were  made 
simultaneously.  3  In  Glasgow,  the  average  CO2  was  -0502,  and  in  Perth 
•04136  per  cent.^  In  foreign  cities  the  amount  is  greater,  and  surpasses  the 
normal  limit  in  air.  In  Madrid,  Eamon  da  Luna  found  -0517  as  a  mean 
average,  and  in  some  cases  -08  per  cent. ;  in  Munich,  the  amount  is  -05  per 

1  Air  and  Rain,  p.  24.  2  a.  Smith,  op  cit.,^  ZQ. 

3  In  the  neighbourhood  of  St.  Mary's  Hospital,  Paddington,  I  found  the  mean  CO,  to  be 
0-056  per  cent,  in  damp  still  weather,  July  1875  ;  the  same  locality  in  dry,  hot  weather  with 
a  good  deal  of  movement  of  air,  0-0416  per  cent.  (Aug.  1876) ;  in  the  neighbourhood  ol  Univer- 
sity College  Hospital,  damp  weather,  0-0736  per  cent,  in  February  1877.— [F.  de  C.J 

*  A.  Smith,  Air  and  Raiii,  p.  50  et  neq. 
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cent.  These  numbers  seem,  after  all,  insignificant,  but  they  are  not  really 
so,  as  the  aggregate  difference,  if  only  -01  per  cent.,  is  considerable.  In  the 
air  of  towns  which  burn  coal  there  are  also,  as  noted,  an  excess  of  acidity 
(sulphuric  and  hydrochloric  acids),  and  various  suspended  matters,  which  no 
doubt  have  injurious  effects,^ 

The  air  of  most  towns,  in  addition  to  ammonia,  also  contains  a  nitrogenous 
substance  which,  when  condensed  in  pure  water,  can  be  made  to  yield 
albuminoid  ammonia,  by  Wanklyn's  method.  In  various  places  in  London, 
A.  Smith  2  found  the  amount  to  average  "509  milligrammes  of  albuminoid 
ammonia  in  1  cubic  metre.  The  greatest  amount  was  in  a  field  two  miles 
past  Clapham  Junction  (viz.  •27108  milligrammes  per  cubic  metre),  and  the 
least  was  in  Westminster  Abbey  Yard  ( '08555  milligrammes).  At  the  shore 
at  Innellau  (Firth  of  Clyde),  the  amount  was  "1378  milligrammes,  and  the 
mean  in  the  streets  of  Glasgow  was  '3049  milligrammes  per  cubic  metre.  In 
the  air  of  the  Underground  Eailway,  in  London,  the  amount  was  "3734 
milligrammes.  3  The  mean  of  Mr.  Moss's  experiments  in  the  open  air  of 
Portsmouth  was  rather  less,  viz.,  "0886  milligrammes  of  albuminoid  ammonia 
per  cubic  metre.  This  ammonia  may  be  derived  from  the  living  beings  in 
the  air,  or  from  dead  organic  matter ;  and  to  bring  out  the  full  meaning  of 
such  researches,  the  chemical  must  be  supplemented  by  a  microscopical 
examination.  Ozone  is  generally  absent  in  town  air,  but  Mari6-Davy  found 
ab  Montsouris  an  average  of  O'OllS  milligrammes  per  cubic  metre.*  This, 
however,  depends  very  much  upon  the  situation  of  the  observatory  and  the 
direction  of  the  prevailing  winds.  The  wind  blowing  from  the  open  country 
is  richer  in  ozone  than  that  coming  from  the  town.^ 

These  observations  prove  how  important  it  is  to  build  towns  in  such  a 
way  as  to  ensure  good  perflation  and  movement  of  air  everywhere,  and  to 
provide  open  spaces  in  all  the  densely-crowded  parts.  The  great  powers  of 
nature,  winds,  and  the  fall  of  rain,  will  then,  for  the  most  part,  keep  the 
atmospheric  impurities  within  limits  not  injurious  to  health. 


Air  of  Marshes. 

The  air  of  typical  marshes  contains  usually  an  excess  of  carbon  dioxide, 
which  amount,  perhaps,  to  '6  or  -8  or  more  per  1000  volumes.  Watery 
vapour  is  usually  in  large  quantity.  Hydrogen  sulphide  is  present,  if  the 
water  of  the  marsh  contains  sulphates,  which,  in  presence  of  organic  matter, 
are  converted  into  sulphides,  from  which  SHg  is  derived  by  the  action  of 
vegetable  acids.  Marsh  gas  is  also  often  present,  and  occasionally  free 
hydrogen  and  ammonia,  and,  it  is  said,  hydrogen  phosphide. ^ 

Organic  matter  also  exists  in  considerable  quantity.  Discovered  by 
Vauquelin  (1810  and  1811,  in  the  air  collected  over  the  Languedoc  marshes) 
by  De  Lisle,  and  again  by  Moscati  (1818,  in  the  air  of  a  Lombardy  rice-field), 
and  examined  more  recently  by  Boussingaiilt  (1829,  1839),  Gigot  (1859),  and 
Becchi  (1861),  the  organic  matter  seems  to  have  much  the  same  character 

1  There  are  also  nitrous  and  nitric  acids,  due  probably  to  the  oxidation  of  organic  matters 

2  Air  and  Rain,  p.  437.    The  results  are  stated  in  milligrammes  per  cubic  metre  instead 
of  grammes  per  million  cubic  metres.  ' 
Tvrr/"  c/^  garden  of  St  Mary's  Hospital,  Paddington,  I  found  0-5280  and  0-5206  msms  per 
— [F  de  C  f^^^  ^'^'''^   In  the  backyard  of  University-College  Hospital,  0-2060  and  0-3675. 

*  Annuaire  del'observatoire  de  Montsouris  pour'J'an  1882. 
5  See  Fodor,  Die  Luft,  p.  84,  1881. 

«  Toropoff  (of  St  Petersburg),  considers  malaria  poison  gaseous;  after  removing  water 
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always.  It  blackens  sulphuric  acid  when  the  air  is  drawn  through  it ;  gives 
a  reddish  colour  to  nitrate  of  silver  ;  lias  a  flocculent  appearance,  and  some- 
times a  peculiar  marshy  smell,  and,  heated  with  soda-lime,  affords  evidence  of 
ammonia.  The  amount  in  Bocchi's  experiments  was  -00027  grammes  in  a 
cubic  metre  of  air  ( =  .000118  grains  in  1  cubic  foot).  Ozone,  led  through  a 
solution  of  this  organic  matter,  did  not  destroy  it.  It  is  said  to  destroy 
quinine.  Besides  the  organic  matter,  various  vegetable  matters  and  animals, 
floating  in  the  air,  are  arrested  when  the  air  of  marshes  is  drawn  through 
water,  or  sulphuric  acid,  and  debris  of  plants,  infusoria,  insects,  and  even,  it 
is  said,  small  Crustacea  are  found ;  the  ascensional  force  given  by  the  evapora- 
tion of  water  seems,  indeed,  to  be  sufficient  to  lift  comparatively  large 
animals  into  the  air.  Dr.  M.  P.  Balestra  i  has  described  spores  and  sporangia 
of  a  little  algoid  plant  in  the  air  of  Eome  and  its  vicinity,  and  the  same  plant 
is  found  abundantly  in  the  water  of  the  marshes  near  Eome.  Balestra  is 
inclined  to  attribute  marsh  fever  to  this  widely-diffused  "  microphyte 
granule;"  ^yhilst  the  researches  of  Klebs  and  Tom masi-Cru deli  have  led 
them  to  attribute  it  to  a  form  of  bacillus,  which  they  have  called  B.  malarioe.^ 
It  has  been  stated  that  ozone  is  deficient  in  the  air  over  marshes,  but  the 
observabions  of  BurdeP  do  not  confirm  this.  He  often  found  as  much  ozone 
as  in  other  air.  In  the  air  collected  from  the  surface  of  lakes,  containing 
some  aquatic  plants,  especially  Ghara,  there  is  a  large  proportion  of  oxygen, 
and  this  air  gives,  near  the  surface,  the  reaction  of  ozone  (Clemens),  while  at 
some  feet  above  the  reaction  is  lost.  This  is  usually  ascribed  to  the  oxida- 
tion of  organic  matter,  which  rises  simultaneously  from  the  water. 

Air  in  the  Holds  of  Ships. 

The  air  in  the  holds  of  ships  is  compounded  of  exhalations  from  the  wood, 
bilge-water,  and  cargo.  Owing  to  the  comparative  immobility  of  the  air,  it 
often  becomes  extremely  foul.  The  composition  is  not  known,  but  the  smell 
of  hydrogen  sulphide  is  very  perceptible,  and  white  paint  is  blackened.  In 
some  cases,  when  the  water-tanks  are  filled  by  condensed  water  from  the 
engines,  which  is  not  well  cooled,  the  hold  may  become  extremely  hot  (100° 
to  120°  Tahr.),  and  decomposition  be  much  increased. 

Air  of  Mines. 

In  the  metalliferous  mines  the  air,  according  to  Angus  Smith,*  is  poor  in 
oxygen  (20*5  per  cent,  sometimes),  and  very  rich  in  carbon  dioxide  (7*85  per 
1000  volumes  on  a  mean  of  many  experiments).  It  also  contains  organic 
matter,  giving,  when  burnt^  the  smell  of  burnt  feathers,  in  uncertain  amount. 
These  impurities  arise  from  respiration,  combustion  from  lights,  and  from 
gunpowder  blasting.  This  latter  process  adds  to  the  air,  in  addition  to  carbon 
dioxide,  carbon  monoxide,  hydrogen  and  hydrogen  sulphide,  various  solid 
particles,  consisting  of  suspended  salts,  which  may  amount  to  as  much  as  3 
grains  in  each  cubic  foot  of  air.  These  suspended  substances  are  principally 
potassium  sulphate,  carbonate,  hyposulphite,  sulphide,  sulphocyanide,  and 
nitrate,  carbon,  sulphur,  and  ammonium  sesquicarbonate. 

Much  of  this  may  hereafter  be  avoided  by  the  new  process  of  getting  coal, 
by  means  of  compressed  quicklime,  which  is  slaked  in  holes  drilled  in  the 
coal. 

1  Comptes  Rendus,  1870,  No.  3,  July,  p.  235. 

2  Studii  sulla  Natura  deUa  Malaria,  Roma.,  1879. 

3  Recherches  sur  les  fiivres  paludiennes,  1868. 
*  Report  on  Mines,  Blue  Book,  1864. 
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SECTION  11. 

DISEASES  PRODUCED  BY  IMPURITIES  IN  AIR. 

Sub-Seotion  I. — Suspended  Solid  Matters. 

1.  Dead  Stibsfances.— The  elfect  which  is  produced  on  the  respiratory  organs 
by  substances  inhaled  into  the  lungs  has  long  been  known.  Eamazzini  and 
several  other  writers  in  the  last  century,  and  Thackrah  fifty  years  ago  in  this 
country,  directed  special  attention  to  this  point,  and  since  that  time  a  great 
amount  of  evidence  has  accumulated,^  which  shows  that  the  eflE'ect  of  dust  of 
different  kinds  in  the  air  is  a  far  more  potent  cause  of  respiratory  diseases 
than  usually  admitted.  Affections  of  the  digestive  organs  are  also  caused, 
but  in  a  much  slighter  degree.  The  respiratory  affections  are  frequently 
recurring  catarrhs  (either  dry  or  with  expectoration)  and  broachitis^  with 
subsequent  emphysema,  although  this  sequence  appears  from  the  figures  given 
by  Hirt  to  be  not  quite  so  frequent  as  was  supposed,  perhaps  from  the  cough 
not  being  violent.  Acute  pneumonia,  and  especially  chronic  non-tubercular 
phthisis^  are  also  produced.  The  suspended  matters  in  the  air  which  may 
produce  these  affections  may  be  mineral,  vegetable,  or  animal;  but  it  would 
seem  that  the  severity  of  the  effects  is  chiefly  dependent  on  the  amount  of 
dust,  and  on  the  physical  conditions  as  to  angularity,  roughness,  or  smooth- 
ness of  the  particles,  and  not  on  the  nature  of  bhe  substance,  except  in  some 
special  cases.  A  large  number  of  the  unhealthy  trades  are  chiefly  so  from 
this  cause  ;  this  is  the  case,  in  fact,  with  miners  of  all  kinds.^  Mr.  Simon  ^ 
states,  that  with  one  exception,  the  300,000  miners  in  England  break  down 
as  a  class  prematurely  from  bronchitis  and  pneumonia  caused  by  the 
atmosphere  in  which  they  live.  The  exception  is  most  important.  The 
colliers  of  Durham  and  Northumberland,  where  the  mines  are  well  ven- 
tilated, do  not  appear  to  sufler  from  an  excess  of  pulmonary  disease,  or  dp  so 
in  a  slight  degree  only.  In  different  mines,  also,  the  amount  of  pulmonary 
disease  is  different,  apparently  according  to  the  amount  of  ventilation. 
The  following  table  is  given  by  the  Registrar-General : — * 

Average  Annual  Deaths  per  1000  from  Pulmonary  Disease  during  the 

Years  1860-62  inclusive. 


Ages. 


Between  15  and  25  years, 
25  35 


35 
45 
55 
65 


45 
55 
65 
75 


Metal  Miners 
in  Cornwall. 


3 
4 
7 
19 
43 
45 


•77 
•15 
•89 
•75 
•29 
•04 


Metal  Miners 
in  Yorkshire. 


3^40 
6^40 
11^76 
23-18 
41-47 
53^69 


Metal  Miners 
in  Wales. 


3^02 
4^19 
10  ^62 
14-71 
35^31 
48-31 


Males,  exclusive 

of  Minei's, 
in  Yorkshire. 


3-97 
5-16 
3-52 
5-21 
7-22 
17-44 


The  whole  subject  has  been  lately  very  carefully  investigated  by  Hirt.  Die  Krankheiten 
der  Arbeiter,  Erste  Theil,  Staubinhalations-KrankheUen,  von  Dr.  L.  Hirt  1871  See  I  tn 
Eulenberg,  Gewerbe  Hygiene,  1876.  " 

2  Thackrah  enumerates  the  following  in  his  work  on  the  Effect  of  Arts,  Trades,  and  Pro. 
fessions  on  Health,  1832,  p.  63  :-The  workmen  who  were  affected  injuriously  by  the  dust  of 
their  trades;^  50  years  ago,  and  the  same  list  will  almost  do  for  the  present  day  Corn- 
millers,  maltsters,  teamen,  coffee-roasters,  snuff-makers,  papermakers,  flock-dressers  featW 
dressers,  shoddy-grinders  weavers  of  coverlets,  weavers  of  harding,  dressers  of  Tair  hatters- 
employed  in  the  bowmg  department,  dressers  of  coloured  leather,  workers  in  flax  dressei-?  of 
hemp  some  workers  m  wood,  wire-grinders,  masons,  colliers,  iron  miners,  lead  Sers  Snde?s 
of  metals,  fale-cutters  machine-makers,  makers  of  firearms,  button-makers  mrt  V?rS  ^ 
also  gives  an  extended  table.  ^an.cis.    sxm  (pp.  cit.) 

^  Fourth  Report  of  the  Medical  Officer  of  the  Prim/  Council  1862  n  1?;  o  ^ 

i  &tt^TV-  -^"^^  1^6*'      the  effects  of  She^tery  tSe 

Report  of  tlie  Commissioners  on  Mines,  Blue-book,  1864.  P^^i-ery  iraae. 
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The  enormous  increase  of  lung  diseases  among  the  miners  after  the  age  of 
35,  is  seen  at  a  glance. 

In  the  pottery  trade  all  classes  of  workmen  are  exposed  to  dust,  especially 
however,  the  flat-pressers.  So  common  is  emphysema  that  it  is  called  *'  the 
potters'  asthma." 

So  also  among  the  china  scourers  ;  the  light  flint  dust  disengaged  in  great 
quantities  is  a  "  terrible  irritant."  Dr.  Greenhow  states  that  all  sooner  or 
later  become  asthmatical," 

The  grinders  of  steel,  especially  of  the  finer  tools,  are  perhaps  the  most 
fatally  attacked  of  all,  though  of  late  years  the  evil  has  been  somewhat 
lessened  by  the  introduction  of  wet-grinding  in  some  cases,  by  the  use  of 
ventilated  wheel-boxes,  and  by  covering  the  work  with  linen  covers  when 
practicable.  The  wearing  of  masks  and  coverings  for  the  mouth  appears  to 
be  inconvenient,  otherwise  there  is  no  doubt  that  a  great  amount  of  the  dust 
might  be  stopped  by  very  simple  contrivances.^ 

T3utton-makers,  especially  the  makers  of  pearl  buttons,  also  suffer  from 
chronic  bronchitis,  which  is  often  attended  with  haemoptysis.  So  also  pin- 
pointers,  some  electro-plate  workmen,  and  many  other  trades  of  the  like  kind, 
are  more  or  less  similarly  affected. 

In  some  of  the  textile  manufactures  much  harm  is  done  in  the  same  way. 
In  the  carding  rooms  of  cotton,  and  wool,  and  silk  spinners,  there  is  a  great 
amount  of  dust  and  flue,  and  the  daily  grinding  of  the  engines  disengages  also 
fine  particles  of  steel.  Since  the  cotton  famine,  a  size  composed  in  part  of 
china  clay  (35  "SS  grains  of  clay  in  100  of  sizing  on  an  average),  has  been 
much  used  in  cotton  mills,  and  the  dust  arising  seems  certainly  to  be  pro- 
ducing injurious  effects  on  the  lungs  of  the  weaver.^ 

In  flax  factories  a  very  irritating  dust  is  produced  in  the  process  of  hack- 
ling, carding,  line-preparing,  and  tow-spinning.  Of  107  operatives,  whose 
cases  were  taken  indiscriminately  by  Dr.  Greenhow,  no  less  than  79  were 
suffering  from  bronchial  irritation,  and  in  19  of  these  there  had  been 
haemoptysis.  Among  27  hacklers,  23  were  diseased.^  In  shoddy  factories, 
also,  the  same  thing  occurs.  These  evils  appear  to  be  entirely  and  easily 
preventable.  In  some  kinds  of  glass-making,  also,  the  workmen  suffer  from 
floating  particles  of  sand  and  felspar,  and  sometimes  potash  or  soda-salts. 

The  makers  of  grinding-stones  suffer  in  the  same  way ;  and  children  work- 
ing in  the  making  of  sand-paper  are  seriously  affected,  sometimes  in  a  very 
short  time,  by  the  inhalation  of  fine  particles  of  sand  into  the  lungs. 

In  making  Portland  cement,  the  burnt  masses  of  cement  are  ground  down 
and  then  the  powder  is  shovelled  into  sacks;  the  workmen  doing  this  cough 
a  great  deal,  and  often  expectorate  little  masses  of  cement.  Some  of  them 
have  stated  that  if  they  had  to  do  the  same  work  every  day,  it  would  be 
impossible  to  continue  it  on  account  of  the  lung  affection. 

The  makers  of  matches,  who  are  exposed  to  the  fumes  of  phosphorus,  suffer 
from  necrosis  of  the  jaw,  if  there  happens  to  be  any  exposed  part  on  which 
the  fumes  can  act.  This,  however,  is  now  obviated  by  the  use  of  amorphous 
or  red  phosphorus,  which  is  harmless. 

In  making  bichromate  of  potash,  the  heat  and  vapour  employed  carry  up 
fine  particles,  which  lodge  in  the  nose  and  cause  great  irritation,  and  finally 
ulceration,  and  destruction  of  both  mucous  membrane  and  bone.  Those  who 
take  snuff  escape  this.    The  mouth  is  not  affected,  as  the  fluids  dissolve  and 

1  See  for  further  particulars  and  muck  interesting  information  Dr.  Hall's  paper  reaS  at  the 
Social  Science  Congress  in  1865.  ,  .    .7.    ^  j-  ^  t 

2  G.  Buchanan's  Report  on  certain  Sizing  Processes  used  tn  the  Cotton  Maimfacture  at 
Todmorden.    Ordered  to  be  printed  by  the  House  of  Commons.    May  1872. 

3  Mr.  Simon's  Fourth  Report,  p.  19. 
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get  rid  of  the  salt.  The  skin  is  also  irritated  if  the  salt  is  rubbed  on  it,  and 
fistulous  sores  are  apt  to  be  produced.  JSTo  effect  is  noticed  to  be  produced  on 
the  lungs.  1    Washing  the  skin  with  subacetate  of  lead  is  the  best  treatment. 

In  the  process  of  sulphuring  vines  the  eyes  often  suffer,  and  sometimes 
(especially  when  lime  is  used  with  the  sulphur)  decided  bronchitis  is  produced, 

In  some  trades,  or  under  special  circumstances,  the  fumes  of  metals,  or  par- 
ticles of  metallic  compounds,  pass  into  the  air.  Brassfounders  suffer  from 
bronchitis  and  asthma,  as  in  other  trades  in  which  dust  is  inhaled;  but  in 
addition  they  also  suffer  from  the  disease  described  by  Thackrah,  as  "  brass 
ague,"  and  by  Dr,  Greenhow  as  "  brassfounders'  ague."  It  appears  to  be  pro- 
duced by  the  inhalation  of  fumes  of  zinc  oxide ;  ^  the  symptoms  are  tight- 
ness and  oppression  of  the  chest,  with  indefinite  nervous  sensations,  followed 
by  shivering,  an  indistinct  hot  stage,  and  profuse  sweating.  These  attacks 
are  not  periodical. 

Coppersmiths  are  affected  somewhat  in  the  same  way,  by  the  fumes  arising 
from  the  partly  volatilised  metal,  or  from  the  spelter  (solder). 

Tinplate  workers  also  suffer  occasionally  from  the  fumes  of  the  soldering. 

Plumbers  inhale  the  volatilised  oxide  of  lead  which  rises  during  the  process 
of  casting.  Nausea  and  tightness  of  the  chest  are  the  first  symptoms,  and 
then  colic  and  palsy. 

Manufacturers  of  white  lead  inhale  the  dust  chiefly  from  the  white  beds 
and  the  packing. 

House  painters  also  inhale  the  dust  of  white  lead  to  a  certain  extent,  though 
in  these,  as  in  former  cases,  much  lead  is  swallowed  from  want  of  cleanliness 
of  the  hands  in  taking  food. 

Workers  in  tobacco  factories  suffer  in  some  cases,  and  there  are  persons 
who  can  never  get  accustomed  to  the  work  ;  yet  with  proper  care  and  ventila- 
tion it  appears^  that  no  bad  effects  ordinarily  result. 

Workers  in  mercury,  silverers  of  mirrors,  and  water  gilders  (men  who  coat 
silver  with  an  amalgam  of  mercury  and  gold),  are  subject  to  mercurialismus. 
But  electricity  has  rendered  gilding  with  the  aid  of  mercury  to  some  extent 
obsolete ;  and  the  making  of  mirrors  with  nitrate  of  silver  may  perhaps  ulti- 
mately abolish  all  the  horrors  of  mercurial  labour. 

Workmen  who  use  arsenical  compounds,  either  in  the  making  of  wall  papers 
or  of  artificial  flowers,  &c.,  suffer  from  slight  symptoms  of  arsenical  poisoning, 
and  many  persons  who  have  inhaled  the  dust  of  rooms  papered  with  arsenical 
papers  have  suffered  from  both  local  and  constitutional  effects, — the  local  being 
smarting  of  the  gums,  eyes,  nose,  oedema  of  the  eyelids,  and  little  ulcers  on  the 
exposed  parts  of  the  body ;  the  constitutional  being  weakness,  fainting,  asthma, 
anorexia,  thirst,  diarrhoea,  and  sometimes  even  severe  nervous  symptoms.* 
Arsenic  has  been  detected  in  the  urine  of  such  persons. 

A.  Manouvriez  ^  gives  an  account  of  the  diseases  among  workmen  in  France 
employed  in  making  patent  fuel,  a  mixture  of  coal-dust  and  pitch.  He  says 
they  suffer  from  melanodermy,  cutaneous  eruptions,  and  epithelial  cancers, 
affections  of  the  eyes,  ears,  and  nose ;  bronchitis  with  pulmonary  pseudo- 
melanosis  ;  and  gastro-entero-hepatic  disorders.  Hirt  also  mentions  some  of 
the  diseases  produced  among  workmen  by  the  various  tar-products. 

^  Chevallier,  Ann.  d' Hygiene,  July  1863,  p.  83.  '  ~ 

2  Some  doubt  has  been  expressed  as  to  those  symptoms  being  produced  by  pure  zinc  fumes  • 
see  Hirt  (op.  cit.)  who  says  that  men  employed  in  making  zinc  houses,  where  thev  inhalp 
zmc  tumes  without  copper,  never  suffer  from  brassfounder's  ague.    Ou  the  other  h-nid  hp 
describes  very  graphically  the  effect  of  the  metallic  fumes  (copper  ?)  on  himself.    The  workmen 
thmk  that  drinking  large  quantities  of  milk  lessens  the  severity  of  the  attacks  ^orKmen 
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\If^^^^  Infusoria,  Fimgi,  Algoe,  or  their  germs,  or  Pollen 

or  Affluvia  of  Flowers.— That  summer  catarrh  or  hay-fever  is  produced  in  many 
persons  by  the  pollen  from  grasses  (especially  Anthoxanthum  odoratum),  trees 
or  flowers,  is  now  generally  admitted.  The  researches  of  Dr.  Blackley,i  of 
Manchester  (himself  a  sufferer),  have  placed  the  matter  beyond  a  doubt.  '  In 
his  case,  at  least,  it  was  pollen  that  produced  the  disease,  and  not  the  effluvia 
merely.  Coumarin  had  no  effect.  Grass-pollen  (which  constitutes  95  per 
cent,  of  the  pollen  floating  in  the  atmosphere)  and  the  pollen  from  pine-trees 
were  the  most  powerful  in  effect.  Curiously  enough,  the  pollen  of  poisonous 
plants,  such  as  the  Solanaceae,  was  often  comparatively  innocuous.  It  is  also 
known  that  the  spores  of  certain  fung'i  in  falling  on  a  proper  soil  may  cause 
disease  of  the  skin  in  men,  and  that  tinea  and  favus  are  thus  sometimes  spread 
seems  certain.  There  is  a  growing  belief  in  the  connection  of  the  specific 
diseases  with  low  vegetable  forms.  Dr.  Salisbury  of  Ohio  attempted  to  trace 
ague  to  a  Palmella;  others  have  ascribed  it  to  the  Osdllarinece  generally ;  Dr. 
Balestra  believes  that  a  special  alga  is  the  efficient  cause,  and  Klebs'  and 
Tommasi-Crudeli  attribute  it  to  the  Bacillus  w,alarice. 

Dr.  Salisbury  has  also  affirmed  that  the  prevalence  of  measles  in  the 
Federal  army  arose  from  focngi  from  mouldy  straw.  He  inoculated  himself, 
his  wife,  and  forty  other  persons  with  the  fungi,  and  produced  a  disease  like 
measles  in  from  twenty-four  to  ninety-six  hours.  It  is  stated  also  that 
this  disease  was  protective  against  measles.  Dr.  Woodward  (United  States 
Army)  has  repeated  Dr.  Salisbury's  experiments,  but  does  not  confirm  them.^ 

Professor  Hallier  of  Jena  has  to  some  extent  adopted  the  view  that  fungi 
give  rise  to  some  of  the  specific  diseases,  and  that  the  spores  float  in  the  air, 
and  are  thus  communicated,  but  the  proofs  are  not  satisfactory. ^ 

Dr.  D.  D.  Cunningham  says  that  he  was  unable  to  connect  any  disease,  in 
Calcutta,  with  the  occurrence  of  bacteria  or  other  bodies  in  the  air,  either  as 
regards  variation  in  kind  or  in  quantity. 

Blackley  found  that  Chaetonium  elatuni  (bristle  mould)  produced  nausea, 
fainting,  and  giddiness,  and  the  spores  of  penicillium  (inhaled)  brought  on 
hoarseness,  going  on  to  complete  aphonia;  the  condition  lasted  two  days,  and 
ended  in  a  sharpish  attack  of  catarrh. 

Pettenkofer,  Von  ISTageli,  Fodor,  and  many  others  distinctly  attribute 
specific  diseases  to  bacteria  of  certain  kinds.  The  connection  of  the  wool- 
sorters'  disease  with  the  existence  of  bacillus  in  the  body  of  the  patient  has 
been  established,  and  this  is  in  all  probability  inhaled  from  the  atmosphere  in 
which  the  men  work. 

Koch  has  recently  demonstrated  the  presence  of  a  bacillus  in  cases  of 
phthisis,  and  has  apparently  succeeded  in  cultivating  it,  and  propagating  the 
disease  by  that  means. 

3.  The  Contagia. — Under  this  head  it  wiU  be  convenient  to  include  the 
unknown  causes  of  the  specific  diseases.  That  these  in  some  cases  (scarlet 
fever,  smallpox,  measles,  typhus,  enteric  fever,  plague,  pertussis,  yellow  fever, 
influenza,  &c.,)  reach  the  person  through  the  medium  of  air  (as  well  as  in 
some  cases  through  water  or  food)  cannot  be  doubted.  Some  of  these  contagia 
have  in  some  way  a  power  of  growth  and  multiplication  in  the  body  of  a 
susceptible  animal,  but  whether  they  can  find  nourishment,  and  thus  grow  in 
the  air,  is  yet  doubtful.  It  seems  clear,  however,  that  they  can  retain  the 
powers  of  growth  for  some  time,  as  the  smallpox  and  scarlet  fever  poisons 
may  infect  the  air  of  a  room  for  weeks,  and  cattle  plague  and  enteric  fever 

1  Op.  cit.  2  Camp  Diseases  in  the  U.S.  Army,  p.  278.    The  ftingus  is  a  Penicillium. 

8  Many  papers  on  this  subject  by  Hallier  and  others  are  contained  in  Hallier's  Zeitschrifl 
fur  Parasitenkunde. 
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poisons  will  last  for  months,^  and  in  tins  they  resemble  Protococci  and  other 
low  forms  of  life,  which  can  be  dried  for  years,  and  yet  retain  vitality. 

The  exact  condition  of  the  agency  is  unknown ;  whether  it  is  m  the  form 
of  impalpable  particles,  or  moist  or  dried  epithehum  and  pus  cells,  is  a  point 
for  future  inquiry ;  and  whether  it  is  always  contained  in  the  substances  dis- 
charged or  thrown  off  from  the  body  (as  is  certainly  the  case  in  smallpox),  or 
is  produced  by  putrefactive  changes  in  those  discharges,  as  is  supposed  to  be 
the  case  in  cholera  and  dysentery,  is  also  a  matter  of  doubt.  Bakewell  2 
collected  dust  deposited  at  a  height  of  7  or  8  feet  in  smallpox  wards,  which 
contained  the  minute  scabs  with  the  epidermic  scales  and  variolous  corpuscles 
which  are  thrown  off  from  the  skin  in  smallpox.  Some  modern  expositors  of 
the  old  doctrine  of  fomites  would  consider  these  organic  matters  to  be  incon- 
ceivably minute  particles  of  living,  or  to  use  Dr.  Beale's  phrase,  bioplastic 
matter,  which  is  capable,  he  believes,  of  wonderfully  rapid  growth  under 
proper  conditions. ^  But  it  is  also  probable  that  some,  if  not  all,  the  disease 
poisons  are  really  living  organisms,  a  view  very  widely  received  now  both  in 
this  country  and  elsewhere. 

The  specific  poisons  manifestly  differ  in  the  ease  with  which  they  are 
oxidised  and  destroyed.  The  poison  of  typhus  exanthematicus  is  very  readily 
got  rid  of  by  free  ventilation,  by  means  of  which  it  must  be  at  once  diluted 
and  oxidised,  so  that  a  few  feet  give,  under  such  circumstances,  sufficient  pro- 
tection. This  is  the  case  also  with  the  poison  of  oriental  plague,  while,  on 
the  other  hand,  the  poisons  of  smallpox  and  scarlet  fever  will  spread  in  spite 
of  very  free  ventilation,  and  retain  their  power  of  causing  the  same  disease 
for  a  long  time.  In  the  case  of  malaria,  the  process  of  oxidation  must  be 
slow,  since  the  poison  can  certainly  be  carried  for  many  hundred  yards  ;  even 
sometimes  for  more  than  a  mile  in  an  upward  direction  (up  a  ravine,  for 
instance),  or  horizontally,  if  it  does  not  pass  over  the  surface  of  water.  The 
poison  of  cholera  also,  some  have  supposed,  can  be  blown  by  the  winds  for 
some  distance ;  but  the  most  recent  observations  on  its  mode  of  spread  lead 
to  the  conclusion  that  the  portability  of  the  poison  in  this  way  has  been 
greatly  overrated.  The  poison  of  diphtheria  appears  also  to  be  transported 
some  distance  by  wind. 

But  the  specific  poisons  are  not  the  only  suspended  substances  which  thus 
float  through  the  atmosphere. 

There  can  be  no  doubt  that  while  purulent  and  granular  ophthalmia  most 
frequently  spread  by  direct  transference  of  the  pus  or  epithelium  cells,  by 
means  of  towels,  &c.,  and  that  erysipelas  and  hospital  gangrene,  in  surgical 
wards,  are  often  carried  in  a  similar  way,  by  dirty  sponges  and  dressings, 
another  mode  of  transference  is  by  the  passage  into  the  atmosphere  of  disin-., 
tegrating  pus  cells  and  putrefying  organic  particles,  and  hence  the  great 
effect  of  free  ventilation  in  military  ophthalmia  (Stromeyer),  and  in  erysipelas  * 
and  hospital  gangrene.  In  both  these  diseases,  great  evaporation  from  the 
walls  or  floor  seems  in  some  way  to  aid  the  diffusion,  either  by  giving  a  great 
degree  of  humidity,  or  in  some  other  way.  The  practice  of  frequently  wash- 
ing the  floors  of  hospitals  is  well  known  to  increase  the  chance  of  erysipelas, 
and  this  might  be  explained,  as  Von  Nageli  suggests,  by  the  moisture  and 

^  The  long  retention  of  power  by  the  enteric  fever  poison  is  shown  by  a  case  related  by  Dr 
Becher  (/lr?«,2/  Med.  Department  Report,  vol.  10.  p.  237).    The  typhoid  poison  appears  to  have 
adhered  to  the  walls  and  ceiling,  and  to  have  retained  its  power  to  excite  disease  in  another 
m  February  '  destroyed  by  the  heat  of  a  very  hot  Indian  station  (Gwalior) 

2  Med.  Tiines  and  Gazette,  Dec.  7,  1872. 
See  chapter  on  Disinsection  for  a  fuller  notice  of  these  points 
bee  my  Reports  on  St  Mary's  Hospital,  he.  cit.  -[¥.  de  C] 
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subsequent  drying  helping  the  development  and  subsequent  dissemination  of 
minute  organisms. 

Sub-Seotion  11. — Gaseous  Matters. 

(a)  Carbon  Dioxidfi. —The  normal  quantity  of  COg  being  -4  volumes  per 
1000,  it  produces  fatal  results  when  the  amount  reaches  from  50  to  100  per 
1000  volumes;  and  at  an  amount  much  below  this,  15  to  20  per  1000,  it 
produces,  in  some  persons  at  any  rate,  severe  headache.  Other  persons  can 
inhale,  for  a  brief  period,  considerable  quantities  of  carbon  dioxide  without 
injury  ;  i  and  animals  can  be  kept  for  a  long  time  in  an  atmosphere  highly 
charged  with  it,  provided  the  amount  of  oxygen  be  also  increased.  In  the 
air  of  respiration,  headache  and  vertigo  are  produced  when  the  amount  of 
COg  is  not  more  than  1-5  to  3  volumes  per  1000  ;  but  then  organic  matters, 
and  possibly  other  gases,  are  present  in  the  air,  and  the  amount  of  oxygen  is 
also  lessened.  Well-sinkers,  when  not  actually  disabled  from  continuing 
their  work  by  CO^,  are  often  affected  by  headache,  sickness,  and  loss  of 
appetite ;  but  the  amount  of  COg  has  never  been  determined. 

The  effect  of  constantly  breathing  an  atmosphere  containing  an  excess  of 
CO2  (up  to  1  or  1-5  per  1000  volumes)  is  not  yet  perfectly  known.  Dr. 
Angus  Smith  2  has  attempted  to  determine  its  effect  of,  per  se,  the  influence 
of  the  organic  matter  of  respiration  being  eliminated.  He  found  that  30 
volumes  per  1 000  caused  great  feebleness  of  the  circulation,  with,  usually,  slow- 
ness of  the  heart's  action;  the  respirations  were,  on  the  contrary,  quickened, 
but  were  sometimes  gasping.  These  effects  lessened  when  the  amount  was 
smaller,  but  were  preceptible  when  the  amount  was  as  low  as  1  volume  per 
1000 — an  amount  often  exceeded  in  dwelling-houses.  At  the  same  time,  this 
is  not  the  case  always,  for  in  the  air  of  a  soda-water  manufactory,  when  CO, 
was  2  per  1000,  Smith  found  no  discomfort  to  be  produced.  The  effects 
noticed  by  Smith  have  not  been  observed  in  experiments  on  animals,  by 
Demarquay,  W.  Miiller,  and  Eulenberg,^  nor  in  other  cases  in  men,  as  in 
the  bath  at  Oeynhausen,  where  no  effect  is  produced  by  the  air  of  the  room 
in  which  the  bathers  remain  for  30  to  60  minutes,  although  it  contains  a  large 
percentage.  It  has  been  supposed  that  lung  diseases,  especially  phthisis,  are 
produced  by  it ;  but  as  this  opinion  has  been  drawn  merely  from  the  effects 
of  the  air  of  respiration,  which  is  otherwise  vitiated,  it  cannot  be  considered 
to  stand  on  any  sure  basis.  Hirt  finds  no  symptoms  of  chronic  poisoning  by 
OOg,  even  in  trades  where  acute  poisoning  occasionally  occurs.* 

The  presence  of  a  very  large  amount  of  CO,  in  the  air  may  lessen  its 
elimination  from  the  lungs,  and  thus  retain  the  gas  in  the  blood,  and  in  time 
possibly  produce  serious  alterations  in  nutrition. 

(b)  Carbon  Moiioxide. — Of  the  immense  effect  of  carbon  monoxide,  there 
is  no  doubt.  Less  than  one-half  per  cent,  has  produced  poisonous  symptoms, 
and  more  than  one  per  cent,  is  rapidly  fatal  to  animals.  It  appears  from 
Bernard's  and  from  Lothar  Meyer's  observations,*  that  the  gas,  volume  for 
volume,  completely  replaces  the  oxygen  in  the  blood,  and  cannot  be  again 
displaced  by  oxygen,  so  that  the  person  dies  asphyxiated  ;  but  Pokrowsky  has 
shown  6  that  it  may  gradually  be  converted  into  carbon  dioxide,  and  be  got  rid 
of.    It  seems,  in  fact,  as  Hoppe-Seyler  conjectured,  to  completely  paralyse, 

1  It  is  stated  that  Sir  R.  Christison  employed  air  containing  20  per  cent,  of  carbon  dioxide 
as  an  anajsthetic.    (Taylor's  Jurisprudence,  1865.  p.  713.) 

2  Air  mid  Rain,  p.  209  et  seq.  ^  Quoted  by  Rolh  and  Lex,  op.  ciL,  p.  176. 
*  Die  Krankheiten  der  Arheiler,  Erste  Abtheilung,  2''«'"  Theil,  1873. 

5  De  Sanguine  Oxydo  carbonico  Infecto,  1858.    Reviewed  in  VirchoM-'s  Arc/iiv,  Band  xv. 
309.    See  also  Letlieby,  Chemical  News,  April  1862. 

6  Virchow's  Archiv,  Baud  xxx.  p.  625  (1861) 
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so  to  speak,  the  red  particles,  so  that  they  cannot  any  longer  be  the  carriers  of 
,  oxygen.  The  observations  of  Dr.  Kleberi  show  that,  in  addition  to  loss  of 
I  consciousness  and  destruction  of  reflex  action,  it  causes  complete  atony  of  the 
'  vessels,  diminution  of  the  vascular  pressure,  and  slowness  of  circulation,  and 

finally  paralysis  of  the  heart.    A  very  rapid  parenchymatous  degeneration 

takes  place  in  the  heart  and  muscles  generally,  and  in  the  liver,  spleen,  and 
I  kidneys.    Hirt^  says  that  at  high  temperatures  (25°  -  32°  Cent.  =  77°  -  9U° 

Fahr.)  it  produces  convulsions,  but  not  at  low  temperatures  (8°  -  12°  Cent.  = 

46°  -  53°  Fahr.). 

(o)  Hydrogen  Sulphide. — The  evidence  with  regard  to  this  gas  is  contra- 
dictory. While  dogs  and  horses  are  afi'ected  by  comparatively  small  quantities 
(1  25  and  4  volumes  per  1000  volumes  of  air),  and  sufl'er  from  purging  and 
rapid  prostration,  men  can  breathe  a  larger  quantity.  Parent-Duchatelet 
inhaled  an  atmosphere  containing  29  volumes  per  1000  for  some  short  time.^ 
When  inhaled  in  smaller  quantities,  and  more  continuously,  it  has  appeared 
in  some  cases  harmless,  in  others  hurtful.  Thackrah,  in  his  inquiries,  could 
trace  no  bad  effects.  It  is  said  that  in  the  Bonnington  chemical- works,  where 
the  ammoniacal  liquor  from  the  Edinburgh  gas-works  is  converted  into  sulphate, 
and  chloride  of  ammonium,  the  workmen  are  exposed  to  the  fumes  of 
ammonium  and  hydrogen  sulphides  to  such  an  extent  that  coins  are  blackened ; 
yet  no  special  malady  is  known  to  result.    The  same  observations  have  been 

imadeat  the  Britannia  metal- works,  where  a  superficial  deposit  of  sulphide 

i  is  decomposed  with  acids. 

I  Hirt  *  has  no  doubt  of  the  occurrence  of  chronic  poison  among  men  who 
work  among  large  quantities  of  the  gas.  The  symptoms  are  chiefly  weakness, 
depression,  perfect  anorexia,  slow  pulse,  furred  tongue,  mucous  membrane  of 
the  mouth  pale,  as  is  also  the  face.  Sometimes  there  is  furunculoid  eruption 
in  difierent  parts  of  the  body.  In  some  cases  there  are  vertigo,  headache, 
nausea,  diarrhoea,  emaciation,  and  head  symptoms,  "  like  a  case  of  very  slow 
running  typhus."  He  notices  difi'erences  of  susceptibility,  which  is  al.<=to 
sometimes  increased  with  custom. 

^  So  large  a  quantity  of  SHg  is  given  out  from  some  of  the  salt  marshes  at 
Singapore,  that  slips  of  paper  moistened'  in  acetate  of  lead  are  blackened '  in 
the  open  air-  yet  not  only  is  no  bad  effect  found  to  ensue,  but  Dr.  Little  has 
even  conjectured  (on  very  disputable  grounds,  however),  that  the  SH^  may 
neutralise  the  marsh  miasma. 

On  the  other  hand,  some  of  the  worst  marshes  in  Italy  are  those  in  which 
SH,  exists  in  large  quantity  in  the  air;  and,  in  direct  opposition  to  Little,  it 
has  been  supposed  that  the  highly  poisonous  action  of  the  marsh  gas  is  partly 
owing  to  the  SH2.  Again,  in  the  making  of  the  Thames  Tunnel,  the  men 
were  exposed  to  SH,,  which  was  formed  from  the  decomposition  of  iron 
pyrites;  after  a  time  they  became  feeble,  lost  their  appetites,  and  finally 
passed  into  a  state  of  great  prostration  and  anaemia.  Nor,  so  far  as  is  known, 
was  there  anything  to  account  for  this  except  the  presence  of  SHg.'' 

Dr.  Josephson  and  Eawitz  ^  have  also  investigated  in  mines  efi'ects  produced 
apparently  by  SHg ;  two  forms  of  disease  are  produced — pure  narcotic,  and 
convulsive  and  tetanic  symptoms.  In  the  first  case,  the  men  became  pale, 
the  extremities  got  cold.    There  was  headache,  vertigo,  a  small  weak  pulse,' 

1  Virchow's  ylrcAiv,  Band  xxxii.  p.  450  (1865.) 
-  Op.  cit. 

4.9Q^rf..'fe  P'*'"^^^,  ^f^^J^  Jp'.i^'l  a  larger  quantity  necessary  than  that  stated  above  :  viz 
^ympToms       ''^^^  ^  ^'^^       ^^^^"'^^  P^^.IOOO  may  produce  serious 


Taylor's,  Med.  Jv/risp.,  1865,  p.  727. 
Schmidt's  Jalir.,  Band  ex.  p.  334,  and  Band  cxvii.  p.  85. 


132 


Am. 


sweating,  and  great  loss  of  strength.  On  this,  spasms  and  tremblings  some- 
times followed,  and  even  tetanus.  These  symptoms  were  acute,  and  not,  as 
in  the  Thames  Tunnel  case,  chronic.  When  these  attacks  occurred,  the 
temperature  was  high  and  the  air  stagnant. 

The  observations  of  Clemens,  also,  on  the  development  of  boils  from  the 
passage  of  SHg  into  the  drinking  water  from  the  air,  if  not  convincing,  cannot 
be  overlooked. 

The  symptoms  produced  by  ammonium  sulphide  in  dogs  are  said,  by 
Herbert  Barker,^  to  differ  from  those  of  SHg.  There  is  vomiting  without 
purging,  quickened  pulse,  and  heat  of  skin,  followed  by  coldness  and  rapid 
sinking.  When  hydrogen  and  ammonium  sulphides,  dissolved  in  water,  are 
injected  into  the  blood/^  they,  and  especially  SHg,  produce  the  same  symptoms 
as  the  injection  of  non-corpuscular  putrid  fluids,  viz.,  profuse  diarrhoeal 
evacuations,  with  sometimes  marked  choleraic  symptoms  and  decided  lowering 
of  the  temperature  of  the  body,  congestions  of  the  lungs,  liver,  spleen,  and 
kidneys,  irritation  of  the  spine,  and  opisthotonos.  But,  in  this  case,  a  much 
larger  quantity  will  be  introduced  than  by  inhalation  through  the  lungs. 

{d)  Carburetted  Hydrogen  —  k  large  quantity  of  carburetted  hydrogen  can 
be  breathed  for  a  short  time;  as  much,  perhaps,  as  200  to  300  volumes  per 
1000.  Above  this  amount  it  produces  symptoms  of  poisoning,  headache, 
vomiting,  convulsions,  stertor,  dilated  pupil,  &c. 

Breathed  in  small  quantities,  as  it  constantly  is  by  some  miners,  it  has  not 
been  shown  to  produce  any  bad  effects  ;  but  there,  as  in  so  many  other  cases, 
it  is  to  be  wished  that  a  more  careful  examination  of  the  point  were  made. 
Without  producing  any  marked  disease,  it  may  yet  act  injuriously  on  the 
health.    Hirt  says  that  cases  of  chronic  poisoning  are  not  uncommon. 

(e)  Ammoniacal  Vapours.— irritating  effect  on  the  conjunctiva  seems 
to  be  the  most  marked  effect  of  the  presence  of  these  vapours.  There  is  no 
evidence  showing  any  other  effect  on  the  health.^ 

(/)  Sulphur  Dioxide. — The  bleachers  in  cotton  and  worsted  manufactories, 
and  storers  of  woollen  articles,  are  exposed  to  this  gas,  the  amount  of  which 
in  the  atmosphere  is,  however,  unknown.  The  men  suffer  from  bronchitis, 
and  are  frequently  sallow  and  anaemic* 

When  SO2  is  evolved  in  the  open  air,  and  therefore  at  once  largely  diluted, 
as  in  copper  smelting,  it  does  not  appear  to  produce  any  bad  effects  in  men, 
though  from  being  washed  down  with  rain,  it  affects  herbage,  and,  through 
the  herbage,  cattle,  causing  affections  of  the  bones,  falling  off  of  the  hau-, 

and  emaciation.  •  -j.  j.- 

(a)  Hydrochloric  Acid  Vapours  in  large  quantities  are  very  irritating  to 
the  luno-s  •  when  poured  out  into  the  air,  as  was  formerly  the  case  m  the 
alkali  manufactures,  they  are  so  diluted  as  apparently  to  produce  no  effect  on 
men  but  they  completely  destroy  vegetation.  In  some  processes  for  makmg 
steel  hydrochloric,  sulphurous  and  nitrous  acids,  and  chlorine  are  aU  given 
out,  and  cause  bronchitis,  pneumonia,  and  destruction  of  lung  tissue,  as  well 

as  eve  diseases.*  .     ,1  t  t. 

(h)  Carbon  Bisulphide.— In  certain  processes  in  the  manufacture  ot 
vulcanised  india-rubber  a  noxious  gas  is  given  off,  supposed  to  be  the  vapour  ot 
carbon  disulphide.    It  produces  headache,  giddiness,  pams  m  the  hmbs, 

1  On  Malaria  and  Miasmata,  p.  212.  2  Weber,  Spd.  Soc.  Year-Book/or  1874,  p.  227. 

'  See  Schloesing,  Compies  Rendus,  1875,  vols.  1.  aud  11.  4.-     '  nint  the 

4  On  the  other  hand  persons  living  in  volcanic  countries  have  sometimes  a  notion  tliat  the 
fum?s  of  so'  are  good  Ke  health  ;  I  have  been  told  so  by  peoplo  m  the  neighbourhood  of 

Vesuvius.— [F.  de  C]  'rc 
3  Jordan,  Constatfs  Jahresb.  for  1863,  Band  vii.  p.  7b. 
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formication,  sleeplessness,  nervous  depression,  and  complete  loss  of  appetite. 
Sometimes  there  is  deafness,  dyspnoea,  cough,  febrile  attacks,  and  even 
amaurosis  and  paraplegia  (Delpech).  The  effects  seem  due  to  a  direct 
anesthetic  effect  on  the  nervous  tissue. 

Sub-Section  III. — Effect  of  Air  Impuke  from  several  Substances 

ALWAYS  Co-Existing. 

The  examination  of  the  effects  of  individual  gases,  however  important,  can 
never  teach  us  the  results  which  may  be  produced  by  breathing  air  rendered 
foul  by  a  mixture  of  impurities.  The  composite  effect  may  possibly  be  very 
different  from  what  would  have  been  anticipated  from  a  knowledge  of  the 
action  of  the  isolated  substances. 

(a)  Air  rendered  Impure  by  Respiration.  The  effect  of  the  foetid 
air  containing  organic  matter,  excess  of  water  and  COg,  produced  by- 
respiration  is  very  marked  upon  many  people ;  heaviness,  headache,, 
inertness,  and  in  some  cases  nausea,  are  produced.  From  experiments  on 
animals  in  which  the  carbon  dioxide  and  watery  vapour  were  removed,  and 
organic  matter  alone  left,  Gavarret  and  Hammond  have  found  that  the  organic 
matter  is  highly  poisonous.  Hammond  found  that  a  mouse  died  in  forty- 
five  minutes,  and  cases  have  been  known  in  which  the  inhalation  of  such  an 
atmosphere  for  three  or  four  hours  produced  in  men  decided  febrile  symptoms 
(increased  temperature,  quickened  pulse,  furred  tongue,  loss  of  appetite,  and 
thirst),  for  even  twenty-four  or  forty-eight  hours  subsequently  (Parkes). 

When  the  air  is  rendered  still  more  impure  than  this,  it  is  rapidly  fatal,  as 
in  the  cases  of  the  Black  Hole  at  Calcutta ;  of  the  prison  in  which 
300  Austrian  prisoners  were  put  after  the  battle  of  Austerlitz  (when  260  died 
very  rapidly) ;  and  of  the  steamer  "  Londonderry."  The  poisonous  agencies 
are  probably  the  organic  matter  and  the  deficient  oxygen,  as  the  symptoms  are 
not  those  of  pure  asphyxia.  If  the  persons  survive,  afebrile  condition  is  left 
behind,  which  lasts  three  or  four  days,  or  there  are  other  evidences  of  affected 
nutrition,  such  as  boils,  &c. 

When  air  more  moderately  vitiated  by  respiration  is  breathed,  for  a  longer 
period,  and  more  continuously,  its  effects  become  complicated  with  those  of 
other  conditions.  Usually  a  person  who  is  compelled  to  breathe  such 
an  atmosphere  is  at  the  same  time  sedentary,  and,  perhaps,  remains  in  a  con- 
strained position  for  several  hours,  or  possibly  is  also  under-fed  or  intemperate. 
But  allowing  the  fullest  effect  to  all  other  agencies,  there  is  no  doubt  that  the 
breathing  the  vitiated  atmosphere  of  respiration  has  a  most  injurious  effect  on 
the  health.  1  Persons  soon  become  pale,  and  partially  lose  their  appetite,  and 
after  a  time  decline  in  muscular  strength  and  spirits.  ^  The  aeration  and 
nutrition  of  the  blood  seem  to  be  interfered  with,  and  the  general  tone  of  the 
system  falls  below  par.  Of  special  diseases  it  appears  pretty  clear  that 
pulmonary  affections  are  more  common. 

Such  persons  do  certainly  appear  to  furnish  a  most  undue  percentage  of 
phthisical  cases  ;  that  is,  of  destructive  lung-tissue  disease  of  some  kind.  The 
production  of  phthisis  from  impure  air  (aided  most  potently,  as  it  often  is,  by 
coincident  conditions  of  want  of  exercise,  want  of  good  food,  and  excessive 
work)  is  no  new  doctrine.^    Baudelocque  long  ago  asserted  that  impure  air  is 

]  See,  among  a  number  of  other  instances,  Guy's  Evidence  before  the  Health  of  Towns  Com- 
mission, vol.  i.  p.  89,  et  seq.;  and  S.  Smith,  ibid.  p.  37,  et  seq. 

3       ^^'^■''on's  observations  on  Prisoners,  already  cited,  page  115. 
The  following  statistics  (Ransom,  Sanitary  Record,  vol.  vi.)  are  instructive  :— Death-rate 
trom  diseases  of  the  respiratory  organs  for  all  England,  3-54  (1865-76) ;  for  Salford,  5-12  ;  for 
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the  great  cause  of  scrofula  (phthisis),  and  that  hereditary  predisposition 
syphihs,  iincleanness,  want  of  clothing,  Lad  food,  cold  and  humid  air,  are  hy 
themselves  non-effective.  Carmichael,  in  his  work  on  scrofula  (1810),  gives 
some  most  striking  instances,  where  impure  air,  had  diet,  and  deficient  exer- 
cise concurred  together  to  produce  a  most  formidable  mortality  from  phthisis. 
In  one  instance,  in  the  Dubhn  House  of  Industry,  where  scrofula  was 
formerly  so  common  as  to  be  thought  contagious,  there  were  in  one  ward  60 
feet  long  and  18  feet  broad  (height  not  given),  38  beds,  each  containing  four 
children  ;  the  atmosphere  was  so  bad  that  in  the  morning  the  aii-  of  the  ward 
was  unendurable.  In  some  of  the  schools  examined  by  Carmichael,  the  diet 
was  excellent,  and  the  only  causes  for  the  excessive  phthisis  were  the  foul  air 
and  the  want  of  exercise.  This  was  the  case  also  in  the  house  and  school 
examined  by  Neil  Arnott  in  1832.  Lepelletieri  also  records  some  good 
evidence.  Professor  AHson,  of  Edinburgh,  and  Sir  James  Clark,  in  his 
invaluable  work,  lay  great  stress  on  it.  is^eil  Arnott,  Toynbee,  Guy,  and 
others,  brought  forward  some  striking  examples  before  the  Health  of  Towns 
Commission.2  Dr.  Henry  MacCormac  has  insisted  with  great  cogency  on 
this  mode  of  origin  of  phthisis;  and  Dr.  Greenhow^  also  enumerates  this 
cause  as  occupying  a  prominent  place. 

In  prisons,  the  great  mortality  which  formerly  occurred  from  phthisis,  as 
for  example  at  Millbank  (Baly),  seemed  to  be  owing  to  bad  air,  conjoined 
with  inferior  diet  and  moral  depression. 

Two  Austrian  prisons,  in  which  the  diet  and  mode  of  life  were,  it  is 
believed,  essentially  the  same,  offer  the  following  contrast : — 

In  the  prison  of  Leopoldstadt,  at  Vienna,  which  was  very  badly  ventilated, 
there  died  in  the  years  1834-1847,  378  prisoners  out  of  4280,  or  86  per  1000, 
and  of  these  no  less  than  220,  or  51-4  per  1000,  died  from  phthisis;  there 
were  no  less  than  42  cases  of  acute  miliary  tu.berculosis. 

In  the  well-ventilated  House  of  Correction  in  the  same  city,  there  were  in 
five  years  (1850-1854)  3037  prisoners,  of  whom  43  died,  or  14  per  1000^  and 
of  these  24,  or  7  "9  per  1000,  died  of  phthisis.  The  comparative  length  of 
sentences  is  not  given,  but  no  correction  on  this  ground,  if  needed,  could 
account  for  this  discrepancy.  The  great  prevalence  of  phthisis  in  some  of  the 
Indian  jails  appears  to  have  been  owing  to  the  same  cause,  combined  with 
insufficient  diet. 

The  now  weli-known  fact  of  the  great  prevalence  of  phthisis  in  most  of  the 
European  armies  (French,  Prussian,  Russian,  Belgian,  and  Enghsh)  can  scarcely 
be  accounted  for  in  any  other  way  than  by  supposing  the  vitiated  atmosphere 
of  the  barrack-room  to  have  been  chiefly  in  fault.  This  is  the  conclusion 
to  which  the  Sanitary  Commissioners  for  the  army  came  in  their  celebrated 
report.  And  if  we  must  also  attribute  some  influence  to  the  pressure  of 
ill-made  accoutrements,  and  to  the  great  prevalence  of  syphilis,  still  it  can 
hardly  be  doubted  that  the  chief  cause  of  phthisis  among  soldiers  has  to  be 
sought  somewhere  else,  when  we  see  that,  with  very  different  duties,  a  variable 
amount  of  syphilis,  and  altered  diet,  a  great  amount  of  phthisis,  has  prevailed 
in  the  most  varied  stations  of  the  army,  and  in  the  most  beautiful  climates  ; 
in  Gibraltar,  Malta,  Ionia,  Jamaica,  Trinidad,  Bermuda,  &c.  (see  history  of 


registration  district  of  Manchester,  6-10  ;  for  township  of  Manchester  m  1874,  7-7  ;  for  West- 
moreland (one  of  the  healthiest  counties),  2-27  ;  for  North  Wales,  2-51.  For  diagrams  showing 
the  effects  of  aggregation  of  population  on  the  ratio  of  respiratory  diseases,  see  my  Lectures 
on  State  Medicine,  table  v.  p.  48.— [F.  de  C] 

1  Traite  Complet  cle  la  Maladie  Scrophuleuse. 

2  First  Report,  1844,  vol.  i.  pp.  52,  60,  69,  79,  &c. 
»  Report  on  the  Health  of  the  People  of  England. 
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these  stations),  in  all  whicli  plac<3s  the  only  common  condition  was  the  vitiated 
atmosphere  which  our  barrack  system  everywhere  produced.  And  as  if  to 
clench  the  argument,  there  has  been  of  late  years  a  most  decided  decline  m 
phthisical  cases  in  these  stations,  while  the  only  circumstance  which  has 
notably  changed  in  the  time  has  been  the  condition  of  the  air.  bo  also  the 
extraordinary  amount  of  consumption  which  has  prevailed  among  the.  men  ot 
the  Royal  and  Merchant  Navies,  and  which,  in  some  men-ol-war,  has  amounted 
to  a  veritable  epidemic,  is  in  all  probability  attributable  to  the  faulty  ventila- 

*^°The  deaths  from  phthisis  in  the  Eoyal  Navy  averaged  (3  years)  2.-6  per 
.1000  of  strength,  and  the  invaliding  3-9  per  1000.  The  amount  of  consump- 
tion and  of  all  lung  diseases  was  remarkably  different  in  the  different  ships. 
These  inferences  received  the  strongest  corroboration  from  the  outbreaJs: 
of  a  lung  disease  leading  to  the  destruction  of  lung  tissue  in  several  of  the 
ships  on  the  Mediteranean  station  in  1860.  Dr.  Bryson  traced  this  clearly  to 
contamination  of  the  air,  and  noticed  that  in  several  cases  the  disease  appeared 
to  be  propagated  from  person  to  person.  ^  It  may  be  inferred  that  pus  cells 
were  largely  thrown  off  during  coughing,  and,  floating  through  the  air,  were 
received  into  the  lungs  of  other  persons. 

'  The  production  of  phthisis  in  animals  confirms  this  view.  The  case  of  the 
monkeys  in  the  zoological  gardens,  narrated  by  Dr.  Arnott,  is  a  striking 
instance.  Cows  in  close  stables  frequently  die  from  phthisis,  or  at  any  rate 
from  a  destructive  lung  disease  (not  apparently  pleuro-pneumonia) ;  while 
horses,  who  in  the  worst  stables  have  more  free  air,  and  get  a  greater  amount 
of  exercise,  are  Httle  subject  to  phthisis.  But  not  only  phthisis  may  reason- 
,ably  be  considered  to  have  one  of  its  modes  of  origin  in  the  breathing  an 
atmosphere  contaminated  by  respiration,  but  other  lung  diseases,  bronchitis 
and  pneumonia,  appear  also  to  be  more  common  in  such  circumstances.  Both 
among  seamen  and  civilians  working  in  confined  close  rooms,  who  are  other- 
wise so  differently  circumstanced,  we  find  an  excess  of  the  acute  lung  affec- 
tions. The  only  circumstance  which  is  common  to  the  two  classes  is  the 
impure  atmosphere.  (Compare  especially  Gavin  Milroy  and  Greenhow.) 
'•The  favourite  behef  that  these  diseases  are  caused  by  transitions  of  temperature 
,and  exposure  to  weather,  has  been  carried  too  far. 

In  the  South  Afghanistan  field  force  the  artillery  wintered  at  Kandahar 
(1880-81)  intents,  and  remained  free  from  pneumonia,  whilst  the  disease  was 
prevalent  among  the  infantry  who  were  overcrowded  in  barracks.  The  63rd, 
which  was  more  crowded  than  the  other  corps,  suffered  most,  having  30  cases 
in  hospital  at  one  time  ;  one  company,  however,  quartered  in  large  airy  rooms 
near  the  residence  of  the  General  commanding,  had  no  case.  On  the  25th 
of  March  a  part  of  the  regiment  was  turned  out  into  tents  and  the  remainder 
were  distributed  in  barracks,  so  that  each  man  had  a  minimum  of  600  cubic 
feet  of  space  ;  from  that  time  no  more  pneumonia  occurred.^ 

In  addition  to  a  general  impaired  state  of  health,  arising,  probably,  from 
faulty  aeration  of  the  blood,  and  to  phthisis  and  other  lung  affections,  which 
may  reasonably  be  believed  to  have  their  origin  in  the  constant  breathing  of 
air  vitiated  by  the  organic  vapours  and  particles  arising  from  the  person,  it 
has  long  been  considered,  and  apparently  quite  correctly,  that  such  an  atmo- 
sphere causes  a  more  rapid  spread  of  several  specific  diseases,  especially  typhus 
exantheraaticus,  plague,  smallpox,  scarlet  fever,  and  measles.    This  may  arise 

1  Slatistical  Reports  on  the  Health  of  the  Navy,  and  especially  Gavin  Milrov's  pamphlet  on 
i\i&Healthof  the  B.oyal  Navy,  im'2.,^\).  iia.n^5>i,  ^  ^ 

2  Trans,  of  the  Epidem.  Soc,  vol.  ii.  p.  142. 
»  lieport  by  Dept.  Surg. -General  Simpson. 
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in  several  ways ;  the  specific  poison  may  simply  accumulate  in  the  air  so 
imperfectly  changed,  or  it  may  grow  in  it  (for  though  there  may  he  an 
analogical  argument  against  such  a  process,  it  has  never  heen  disproved,  and 
IS  evidently  not  impossible) ;  or  the  vitiated  atmosphere  may  simply  render 
the  body  less  resisting  or  more  predisposed. 

(h)  Air  rendered  Impure  hy  Exhalations  from  the  &*cA;.— The  air  of  a  sick 
ward,  containing  as  it  does  an  immense  quantity  of  organic  matter,  is  well 
known  to  be  most  injurious.  The  severity  of  many  diseases  is  increased,  and 
convalescence  is  greatly  prolonged.  This  appears  to  hold  true  of  all  diseases, 
but  especially  of  the  febrile.  At  a  certain  point  of  impurity,  erysipelas  and 
hospital  gangrene  appear.  The  occurrence  of  either  disease  is,  in  fact,  a  con- 
demnation of  the  sanitary  condition  of  the  ward.  It  has  been  asserted  that 
hospital  gangrene  is  a  precursor  of  exanthematic  typhus,^  but  probably  the 
introduction  at  a  particular  time  of  the  specific  poison  of  typhus  was  a  mere 
coincidence.  But,  doubtless,  the  same  foul  state  of  the  air  which  aids  the 
spread  of  the  one  disease  would  aid  also  that  of  the  other. 

When  hospital  gangrene  has  appeared,  it  is  sometimes  extremely  difficult 
to  get  rid  of  it.  Hammond  ^  states  that  in  a  ward  of  the  ISew  York  City 
Hospital,  where  hospital  gangrene  had  appeared,  removal  of  the  furniture  and 
patients  did  not  prevent  fresh  patients  being  attacked.  Closing  the  ward  for 
some  time  and  white  washing  had  no  effect.  The  plastering  was  then 
removed,  and  fresh  plaster  applied,  but  still  cases  recurred.  At  last  the  entire 
walls  were  taken  down  and  rebuilt,  and  then  no  more  cases  occurred. 

Tt  is  now  well  known  that  by  the  freest  ventilation,  i.e.,  by  treating  men  in 
tents  or  in  the  open  air,  hospital  gangrene  can  be  entirely  avoided. ^  The 
occurrence  of  hospital  gangrene  in  a  tent  is  a  matter  of  the  rarest  occurrence. 

(c)  Air  rendered  Impure  hy  Comhudion. — Of  the  products  of  combus- 
tion which  pass  into  the  general  atmosphere,  the  carbon  dioxide  and 
monoxide  are  so  largely  and  speedily  diluted  that  it  is  not  likely  they 
can  have  any  influence  on  health.  The  particles  of  carbon  and  tarry  matter, 
and  the  sulphur  dioxide,  must  be  the  active  agents  if  any  injury  results.  It 
has  been  supposed  that  the  molecular  carbon  and  sulphur  dioxide,  instead  of 
being  injurious,  may  even  be  useful  as  disinfectants,  and  we  might  a  priori 
conclude  that  to  a  certain  extent  they  must  so  act ;  but  certainly  there  is  no 
evidence  that  the  smoky  air  of  our  cities,  or  of  our  colliery  districts,  is  freer 
from  the  poisons  of  the  chief  specific  diseases  than  the  air  of  other  places. 
It  has  been  supposed,  indeed,  that  the  air  of  large  cities  is  particularly 
antagonistic  to  malaria,  and  it  is  true  that  they  have  less  diphtheria,  in  this 
country,  than  the  rural  districts,  but  there  are  probably  other  causes  acting 
in  those  cases.  The  solid  particles  of  carbon,  and  the  sulphur  dioxide,  may, 
on  the  other  hand,  have  injurious  effects.  It  is  not  right  to  ignore  the 
mechanical  effect  of  the  fine  powder  of  coal  so  constantly  drawn  into  the 
lungs,  and  even  the  possibility  of  irritation  of  the  lungs  from  sulphur  dioxide. 
Certain  it  is,  that  persons  with  bronchitis  and  emphysema  often  feel  at  once 
the  entrance  into  the  London  atmosphere ;  and  individual  experience  will 
probably  lead  to  the  opinion  that  such  an  atmosphere  has  some  effect  in 
originating  attacks  of  bronchitis,  and  in  delaying  recovery.  But  statistical 
evidence  of  the  effect  of  smoky  town  atmospheres  in  producing  lung  affections 
on  a  large  scale  cannot  be  given,  so  many  are  the  other  conditions  which  com- 

1  See  Guillemin,  Recueil  de  Memoires  de  Med.  Ch.  and  Pliarm.  Militaires,  No.  159,  1874. 

2  On  Hygiene,  p.  172.  ^       .    .    ■.    c  j  7 

3  See  Chapter  on  Hospitals,  and  Professor  Jungken's  Address  on  Pyemia,  mthe  Sj/dmham 
Society  Year-Book  for  1862,  p.  213  ;  and  Report  on  Hygiene,  by  Dr.  Parkes  m  the  Army 
Medical  Report  for  1862  (vol.  iv.) 
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plicate  the  problem.  There  is,  however,  no  doubt  of  the  evil  effect  of  the 
London  atmosphere  during  dense  fogs ;  witness  the  effect  upon  the  animals  at 
the  cattle  show  at  Islington  in  December  1873,  and  the  increased  mortality 
from  lung  diseases  during  foggy  weather. 

The  effect  of  breathing  the  products  of  combustion,  of  gas  especially,  is 
more  easily  determined.  In  proportion  to  the  amount  of  contamination  of 
the  air,  many  persons  at  once  suffer  from  headache,  heaviness,  and  oppres- 
sion. 

Bronchitic  affections  are  frequently  produced,  which  are  often  attributed  to 
the  change  from  the  hot  room  to  the  cold  air,  but  are  really  probably  owing 
to  the  influence  of  the  impure  air  of  the  room  on  the  lungs. 

The  effects  of  constantly  inhaling  the  products  of  gas  combustion  may  be 
seen  in  the  case  of  workmen  whose  shops  are  dark,  and  who  are  compelled  to 
burn  gas  during  a  large  part  of  the  day ;  the  paUor,  or  even  anaemia  and 
general  want  ot  tone  which  such  men  show,  is  owing  to  the  constant  inhala- 
tion of  an  atmosphere  so  impure. 

(d)  Air  rendered  Impure  by  the  Gas  and  Effluvia  from  Servers  and 
Souse  Drains. — Cases  of  asphyxia  from  hydrogen  sulphide,  ammonium 
sulphide,  carbon  dioxide,  and  nitrogen  (or  possibly  rapid  poisoning  from 
organic  vapours),  occasionally  occur  both  in  sewers  and  from  the  opening  of 
old  cesspools.  In  a  case  at  Clapham,  the  clearing  out  of  a  privy  produced  in 
twenty-three  children  violent  vomiting  and  purging,  headache,  and  great 
prostration,  and  convulsive  twitchings  of  the  muscles.  Two  died  in  twenty- 
four  hours.  1 

T'hese  are  instances  of  mephitic  poisoning  in  an  intense  degree  ;  but  when 
men  have  breathed  the  air  of  a  newly  opened  drain  in  much  smaller  amounts, 
marked  effects  are  sometimes  produced;  languor  and  loss  of  appetite  are 
followed  by  vomiting,  diarrhoea,  colic,  and  prostration.  The  effluvia  which 
have  produced  these  symptoms  are  usually  those  arising  from  a  drain  which 
has  been  blocked  for  some  time.  When  the  air  of  sewers  penetrates  into 
houses,  and  especially  into  the  bed-rooms,  it  certainly  causes  a  greatly 
impaired  state  of  health,  especially  in  children.  They  lose  appetite,  become 
pale  and  languid,  and  suffer  from  diarrhoea ;  older  persons  suffer  from 
headaches,  malaise,  and  fevcrishness ;  there  is  often  some  degree  of  anaemia, 
and  it  is  clear  that  the  process  of  aeration  of  the  blood  is  not  perfectly  carried 


on.2 


In  some  cases  decided  febrile  attacks  lasting  three  or  four  days,  and  attended 
with  great  headache  and  anorexia,  have  been  knowm  Houses  into  which  there 
has  been  a  continued  escape  of  sewer  air  have  been  so  notoriously  unhealthy 
that  no  persons  would  live  in  them,  and  this  has  not  been  only  from  the 
prevalence  of  fever,  but  from  other  diseases.  Brigade-Surgeon  Marston, 
in  his  excellent  paper  on  the  Fever  of  Malta,^  tells  us  that  when  typhoid  fever 
broke  out  at  the  Fort  of  Lascaris,  from  the  opening  of  a  drain,  other  affections 
were  simultaneously  developed,  viz.,  *'  diarrhoea,  dysentery,  slight  pyrexial 
disorders,  and  diseases  of  the  primary  assimilative  organs."  A  close  examina- 
tion and  analysis  of  the  affections  produced  by  the  inhalation  of  sewer  air, 
would  probably  much  enlarge  this  list ;  and  the  class  of  affections  resulting 
from  this  cause,  to  which  it  may  be  difficult  to  assign  a  nosological  name,  will 
be  found  to  be  essentially  connected  with  derangement  of  the  dio-estive 
rather  than  with  the  pulmonary  system. 

1  Health  of  Towns  Report,  vol.  i.  p.  139. 
Aldis^^vol'^ ^'^'^^  Report.    See  especially  the  evidence  of  Rigby,  vol.  i.  p.  151,  and  of 
3  Army  Med.  Report  for  im,  p.  486. 
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Br.  PTerbert  Barker  ^  has  attempted  to  submit  this  question  to  experiment 
by  conducting  the  air  of  a  cesspool  into  a  box  wliere  animals  were  confined. 
The  analysis  of  the  air  showed  the  presence  of  COg,  hydrogen  sulphide,  and 
ammonium  sulphide.  The  reaction  of  the  gas  was  usually  neutral,  sometimes 
alkaline.  The  gas  was  sometimes  offensive,  so  that  organic  vapours  were 
probably  present ;  but  no  analysis  appears  to  have  been  made  on  this  point. 
Three  dogs  and  a  mouse  were  experimented  on  ;  the  latter  was  let  down  over 
the  cesspool,  and  died  on  the  fifth  day.  The  three  dogs  were  confined  in  the 
box  j  they  all  suffered  from  vomiting,  purging,  and  a  febrile  condition,  which. 
Dr.  Barker  says,  "  resembled  the  milder  forms  of  continued  fever  common  to 
the  dirty  and  ill-ventilated  homes  of  the  lower  classes  of  the  community." 
But  the  effects  required  some  time,  and  much  gas  for  their  production.  Dr. 
Barker  attributes  the  results,  not  to  the  organic  matter,  but  to  the  mixture 
of  the  three  gases,  and  specially  to  the  latter  two. 

The  effect  on  the  men  who  work  in  sewers  which  are  not  blocked,  or 
temporarily  impure  from  exceptional  disengagement  of  hydrogen  sulphide 
from  any  cause,^  has  been  subject  to  much  debate.  The  air  in  many  sewers 
in  London  is  not  very  impure ;  the  analyses  of  Letheby  and  Miller  have 
shown  that  generally  the  amount  of  COg  is  very  little  in  excess  of  that  in  the 
external  air,  and  that  there  is  hardly  a  trace  of  hydrogen  sulphide  or  of  foetid 
organic  effluvia.  The  air  in  the  house  drains  is  often,  in  fact,  more  impure 
than  that  of  the  main  sewers.  This  is  the  case  also  in  other  places,  and  is  to 
be  accounted  for  by  the  numerous  openings  in  the  sewers,  from  the  porosity 
of  the  walls,  from  the  continual  ventilation  produced  by  the  air  being  drawn 
into  houses,  and  from  the  amount  of  water  in  the  sewers  being  often  so  great, 
and  its  flow  so  rapid,  as  to  materially  lessen  the  chances  of  generation  ot  gas. 
The  evidence  is^  on  the  whole,  opposed  to  the  view  that  sewer-men  suff'er  in 
health  in  consequence  of  their  occupation.  Thackrah  states^  that  sewer-raen 
are  not  subject  to  any  disease  (apart  from  asphyxia),  and  are  not  short-lived. 
He  cites  no  evidence.  Parent-Duchatelet  *  came,  on  the  whole,  to  the  same 
conclusion  as  regards  the  sewer-men  of  Paris  in  1836.  He  says  that  there 
are  some  men  so  affected  by  the  air  of  sewers  that  they  can  never  work  in 
them  ;  but  those  who  can  remain  suffer  only  from  a  little  ophthalmia, 
lumbago,  and  perhaps  sciatica.  They  consider  otherwise  their  occupation  not 
only  innocent,  but  as  favourable  to  health.  The  only  fact  adverse  to  this 
seemed  to  be  that  the  air  of  the  sewer  greatly  aggravated  venereal  disease, 
and  those  who  persisted  in  working  with  disease  on  them  inevitably  perished. 
The  working  in  deep,  old  sewage  matter  produced  an  eruption  on  the  parts 
bathed  by  the  mud,  which  resembled  itch  sometimes,  or  was  phlyctenoid  in 
character. 

,  A  more  recent  inquiry  conducted  into  the  health  of  the  sewer-men  in  London 
did  not  detect  any  excess  of  disease  among  them,*  and  in  Liverpool  also 
the  sewer-men  are  said  to  have  good  health.    The  workmen  employed  at  the 


■  ^  Malaria  and  Miasmata,  1S63,     17Q,  et  seq.  .      ^,  , 

2  Fatal  cases  have  occurred  both  in  London  and  Liverpool  sewers  from  the  rapid  evolution 
of  SH„  either  from  gas  liquid,  or,  in  Liverpool,  from  the  action  of  acids  passing  into  the 
sewers,  and  meeting  with  sulphide  of  calcium  in  the  refuse  derived  from  alkali  manufactories. 

3  The  Effects  of  Arts,  Trades,  arid  Professions  on  JJeaUh,  l8'32,  y.  im. 

4  Hygiine  PiMiqv^,  vol.  i.  p.  247  (1836).  The  conclusions  oi  Parent-Duchatelet  are  not 
entirely  justified  by  his  evidence.  The  number  of  men  he  examined  was  smal ,  and  many  oi 
them  had  been  employed  for  a  short  time  only  in  the  sewers  ;  it  also  appeared  that  a  consider- 
able number  .had  actually  suflered  from  bilious  and  cerebral  aflections.  (See  the  former 
editions  of  this  work.)  ,  .,  ,o^n,         .  •  4.„j 

5  In  reference, to  this  point,  however,  a  writer  in  the  Lancet  (April  18/2)  very  ju.stly  pointed 
out  that  the  statistics  are  very  imperfect,  in  taking  no  notice  of  men  who  have  been  discharged 
or  who  have  died. 
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various  sewa^re  outfalls,  who,  though  not  in  the  sewers,  breathe  the  effluvia 
arisin.-  from  the  settling  tanks,  do  not  find  it  an  unhealthy  occupation 

It  does  not  appear,  therefore,  that  at  present  the  workmen  connected  with 
fairly  ventilated  sewers  show  any  excess  of  disease ;  at  the  same  time,  it  must 
be  allowed  that  the  inquiry  has  not  been  very  rigorously  prosecuted,  and  that 
the  lenoth  of  time  the  men  work  in  sewers,  their  average  yearly  mortality 
discharge  from  sickness,  loss  of  time  from  sickness,  and  the  effect  produced 
on  their  expectation  of  life,  have  not  been  perfectly  determined. 

The  air  of  sowers  passing  into  houses  aggravates  most  decidedly  the  severity 
of  all  the  exanthemata— erysipelas,  hospital  gangrene,  and  puerperal  fever 
(Rigby);  and  it  has  probably  an  injurious  effect  on  all  diseases.  That 
pneumonia  may  be  produced  is  shown  by  the  case  of  the  East  Sheen 

School.  1-^1 

Two  special  diseases  have  been  supposed  to  arise  from  the  air  ot  sewers  ana 
fsecal  emanations,  viz.,  diarrhoea  and  typhoid  (enteric)  fever. 
"  With  regard  to  the  production  of  diarrhoea  from  faecal  emanations,  it  would 
seem  that  the  autumnal  diarrhoea  of  this  country  is  intimately  connected  with 
temperature,!  and  usually  commences  when  the  thermometer  is  persistently 
above  60°,  and  when  there  is,  at  the  time,  a  scarcity  of  rainfall.  It  is_  worst 
in  the  badly-sewered  districts,  and  is  least  in  well-drained  districts,  and  in  wet 
years.  It  has  been  checked  in  London  by  a  heavy  fall  of  rain.  All  those 
points  seem  to  connect  it  with  f secal  emanations  reaching  a  certain  rapidity  of 
evolution  in^  consequence  of  high  temperature,  deficient  rain,  and  perhaps 
relative  dryness  of  the  atmosphere.  At  the  same  time,  there  is  a  connection 
between  this  disease  and  impure  water.  It  may  own  a  double  origin,  and  in 
a  dry  season  both  cases  may  be  in  operation. 

That  enteric  fever  may  arise  from  the  effluvia  from  sewers  is  a  doctrine  very 
generally  admitted  in  this  country,  and  is  supported  by  strong  evidence. 
There  are  several  cases  on  record  in  which  this  fever  has  constantly  prevailed 
in  houses  exposed  to  sewage  emanations,  either  from  bad  sewers  or  from  want 
of  them,  and  in  which  proper  sewerage  has  completely  removed  the  -fever. ^ 
Many  of  these  cases  occurred  before  the  water-carriage  of  typhoid  was  recog- 
nised, but  yet  the  connection  between  the  sewage  emanation  and  the  fever 
seems  undoubted. 

This  evidence  is  supported  by  cases  in  which  the  opening  of  a  drain  has 
given  rise  to  decided  typhoid  fever,^  as  well  as  to  a  very  fatal  disease  (pro- 
bably severe  typhoid),  in  which  coma  is  a  marked  symptom.  So  also  in  some 
instances  (Windsor  and  Worthing),*  the  spread  of  enteric  fever  has  evidently 
been  owing  to  the  conveyance  of  effluvia  into  houses  by  the  agency  of 
unventilated  sewers.  In  a  case,  from  private  information,  an  outbreak  of 
enteric  fever  in  a  training-school  was  localised  in  certain  parts  of  the  school 
(whereas  the  drinking  water  was  common  to  all),  and  was  traced  to  imperfec- 
tion of  traps  in  those  parts  .of  the  house  which  were  affected.  In  this  case 
the  drains  led  down  to  a  large  tank  at  some  distance,  and  at  a  much  lower 

^  Ransome  and  Vernon,  Influence  of  Atmosph.  Changes  on  Dis.,  p.  3. 

2  In  Health  of  Towns  Reports  and  Evidence,  Mr.  Simon's  Reports,  Dr.  Letbeby's  Reports, 
Dr.  Acland's  Reports  on  Fevers  in  Agricultural  Districts,  and  the  Reports  of  the  Medical 
Officer  to  the  Privy  Council,  will  be  found  abundant  evidence  in  support  of  this  assertion. 
Many  provincial  towns  in  England  could  give  similar  evidence,  as  Norwich.  (See  Dr. 
Richardson's  Report,  Medical  Times  and  (Jazette,  Jan.  1862).  The  case  of  Calstock  in 
Di^vonshire,  may  be  also  noted.  It  used  to  be  always  liable  to  outbreak  of  typhoid  fever  but 
after  the  drainage  of  the  place  the  fever  disappeared.  (Bristowe,  in  Trans.  of.Epid.  Soc'  vol. 
i.  p.  396.)  Miirchison  not  only  adopted  this  view,  but  even  proposed  to  give  the  term  "  pytho- 
geiiic^ fever  "  to  typhoid. 

3  For  references  to  illustrative  cases,  see  5th  edition  of  this  work,  p .  1 28  note. 
*  AHnth  Report  of  Medical  Officer  to  Privy  Council,  p.  44.  ■  '  ■ 
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level,  and  the  smell  of  the  effluvia  was  so  slight  that  at  first  it  was  not 
believed  that  the  drains  could  be  out  of  order.  A  very  good  case  is  given 
by  Surgeon  Page,i  late  6th  Dragoons,  in  his  description  of  an  outbreak  of 
typhoid  fever  at  Newbridge,  following  discontinuance  of  the  use  (on  account 
of  repairs)  of  a  ventilating  shaft  for  the  sewers.  Sewer-gas  got  into 
the  barracks,  and  several  cases  (some  fatal)  of  typhoid  fever  occurred.  Other 
possible  causes  were  carefully  inquired  into  and  eliminated. ^  These  two 
classes  of  fact  seem  decidedly  to  show  a  causal  connection  between  the  effluvia 
from  sewers  and  excreta  and  enteric  fever,  and  they  are  supported  by  the 
statistical  evidence  which  proves  that  the  prevalence  of  typhoid  fever  stands 
in  a  close  relation  to  the  imperfection  with  which  sewage  matters  are  removed. 
The  army  statistics  give  excellent  instances  of  this,  and  the  evidence  produced 
by  Dr.  Buchanan  of  the  prevalence  of  typhoid  fever  before  and  after 
sewerage  of  a  town  is  to  the  same  effect.^ 

The  persistent  existence  of  enteric  fever  at  Eastney  barracks,  Portsmouth, 
appears  to  have  been  traceable  to  sewer  air  driven  back  into  the  quarters  by 
the  tide,  there  being  no  traps  or  ventilating  openings.  Since  October  1878, 
when  the  drains  were  put  in  better  order,  and  better  flushed  and  ventilated, 
there  has  been  no  fever.* 

German  writers  have  lately  commented  much  upon  the  view  that  there 
is  a  connection  between  sewer  air  and  enteric  fever,  and  reference  may 
be  specially  made  to  the  papers  of  Soyka,  Eenk,  A.  de  Eozsahegyi  and 
Lissauer.^  Their  contention  is  that  enteric  fever  is  not  due  to  the  influence 
of  sewer  air,  because  it  is  rare  that  such  air  gets  into  houses,  and^xperiments 
are  cited  to  prove  this.  It  is,  however,  admitted  and  demonstrated  by  Soyka 
in  the  tables  which  he  gives,  that  a  similar  improvement  in  the  health  of 
towns  has  followed  the  introduction  of  proper  drainage  in  the  cities  of 
Germany  as  has  been  observed  in  this  country.  This  is  attributed  to  the 
cleansing  of  the  soil  and  the  atmosphere  by  the  removal  of  the  sewage  matter, 
although  they  still  insist  upon  the  essentially  local  or  topical  character  of  the 
disease.  Yon  Nageli^  positively  denies  the  possibility  of  specific  disease 
being  conveyed  through  emanations  from  drains  or  cesspools. 

Although  it  seems  difficult  not  to  admit  that  the  effluvia  from  the  sewers 
will  produce  typhoid,  there  are  yet  some  remarkable  facts  which  can  be  cited 
on  the  other  side. 

It  has  been  denied  by  Parent-Duchatelet  and  by  Guy  ^  that  typhoid  fever 
is  more  common  among  sewer-men  than  others,  and  later  inquiries  among  the 
sewer-men  of  London  seem  to  bear  out  the  assertion.  But,  as  already  stated, 
the  air  of  London  sewers  is  really  tolerably  pure;  and  some  of  the  men  may 
be  protected  by  previous  attacks,  for  typhoid  fever  is  a  most  common  disease 
among  the  poorer  children  in  London.    Murchison  ^  and  Peacock  have  also 


1  Armv  Med.  Report,  vol.  xv.  p.  301.  ^    .    .  i.  j  i.   c.  tvt„;^^ 

2  An  outbreak  at  Kinsale,  apparently  due  to  sewer  effluvia,  is  nairated  by  Surgeon-Ma  or 
Wallace,  Army  Med.  Reports,  vol.  xvii.  p.  55.    The  inquiry  seems  to  have  been  very  carefully 

"^t^inth  Report  of  Medical  Officer  to  the  Privy  Council,  p.  44   In  twenty-one  English  towns 
the  average  reduction  of  typhoid  mortality  after  sewerage  was  45-4  per  cent.    In  many  of  the 
towns  an  Improved  water  supply  was  introduced  at  the  same  time,  but  the  P""fi^^t^°^^ 
air  by  sewerage  and  cleanliness  has.  it  is  believed  by  Buchanan,    been  most  umforraly  foUowed 
by  a  fall  in  the  prevalence  of  typhoid." 
*  See  "Keport  on  Hygiene,"yl.i/./>.  Reports,  vol.  xx.  p.  lii- 

5  Deutsche  Vierteljahrschrift fur  Offentliche  Oesundheitspjlege,  ibbl. 

6  Die  Niederen  Pilze,  1877,  p.  215,  et  seq. 

7  Journal  of  the  Statistical  Society,  1848. 

8  On  Fevers,  p.  453. 
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stated,  on  the  other  side,  that  enteric  fever  is  not  uncommon  among  sewer- 
men.    This  argument,  therefore,  is  not  of  great  weight. 

The  evidence  is  very  strong  that  the  men  employed  at  the  sewage  tanks  and 
on  the  sewage  farms,  and  their  famiHes,  do  not  show  an  unusual  amount  of 
typhoid;  nor  do  the  persons  living  in  adjacent  houses.  Now,  if  sewage 
emanations  can  cause  typhoid  fever,  it  might  be  expected  that  we  should  by 
this  time  have  had  plenty  of  evidence  of  this  special  effect.  Again,  in  our 
rural  villages,  and  in  many  farm  houses,  the  excreta  of  men  and  animals  liter- 
ally cover  the  ground,  and  it  might  have  been  anticipated  that  enteric  fever 
would  never  be  absent.  If  this  is  the  case  in  this  country,  it  is  still  more  so 
in  China,  where  the  excreta  are  so  carefully  stored  and  applied  to  land.  In 
a  report  made  by  various  medical  officers,  the  writers  state  that,  in  Chinese 
villages  surrounded  with  excreta,  where  the  contamination  of  the  air  by 
fascal  emanations  is  very  great,  there  is  no  typhoid  fever.  And  as  typhoid 
is  well  known  in  other  parts  of  China,  the  absence  is  not  owing  to  any 
peculiarity  of  climate  preventing  the  appearance  of  the  fever. ^ 

We  have,  then,  counterfacts  which  must  be  allowed  to  be  of  considerable 
weight.  Any  explanation,  to  be  satisfactory,  must  not  ignore  one  set  of  facts, 
but  must  impartially  include  both. 

The  possibility  that  the  adult  persons  submitted  to  sewage  emanations  may 
have  had  typhoid  fever  in  early  life,  and  are  therefore  insusceptible,  may  ex- 
plain some  cases  of  escape,  even  when  faecal  emanations  are  constantly  breathed. 
But  it  would  be  impossible  to  extend  this  argument  to  the  cases  of  immunity 
in  children,  unless  we  suppose  that  typhoid  fever  in  children  is  constantly  over- 
looked, and  is  as  common  as  measles,  which  seems  unlikely. 

It  has  been  supposed  that  there  is  an  essential  difference  when  animal  and 
vegetable  substances  are  decomposing  in  covered  places  and  in  the  open  air.^ 
It  is  evident  that  the  physical  conditions  will  be  widely  different  in  the  two 
cases.  In  underground  channels  there  is  greater  mean  temperature,  more 
moisture,  and  a  more  stagnant  atmosphere.  In  the  open  air,  while  there  may 
be  heat  from  the  sun's  rays,  this  may  restrain  putrefaction ;  while  the  coldness 
of  the  nights  and  the  much  greater  movement  and  dryness  of  the  air,  may 
hinder  the  formation  or  lessen  the  chance  of  reception  of  any  fever-causing 
substance  developed  during  the  putrefaction.  At  first  sight,  there  appears  to 
be  much  in  favour  of  this  view,  audit  would  explain  the  greater  chance  there 
appears  to  be  of  effluvia  coming  from  sewers  causing  typhoid  fever  than  when 
the  effluvia  came  from  excreta  in  the  open  air.  But  it  does  not  meet  two  un- 
doubted facts,  viz.,  that  there  are  cases  in  which  scM'er  air  is  breathed  without 
causing  typhoid,  and  the  occasional  severe  outbreaks  of  typhoid  in  villages 
without  sewers,  and  where  there  is  no  putrefaction  under  cover. 

That  the  importation  of  typhoid  fever  into  places  previously  free  for  years 
is  followed  by  outbreak  3  is  quite  certain.  In  many  of  these  cases,  as  in  the 
excellent  instance  at  Steyning,  recorded  by  Whitley,*  all  the  conditions  of 
accumulated  sewage,  &c.,  which  are  supposed  to  produce  typhoid  fever,  were 
present  for  years,  and  yet  no  fever  resulted.  Then  a  patient  came  from  a 
distance  with  typhoid  fever,  and  the  disease  spread  through  the  village,  either 


0/ cIScfTuly-Sept^Svf '^^^"^  ^"""^  Manson,  for  Shanghai  and  Amoy,  in  the  Customs  Gazette 
2  This  is  the  view  taken  in  the  Second  Report  of  the  State  Board  of  Health  of  IfassarhvtPff': 

From  an  inquiry  in  most  of  the  large  cities  of  that  state,  the  conclusion  is  drawn  that  it  £ 
3 '"'^l        of  animal  and  vegetable  substances,  under  cover,  which  gives  typhoid 

tions  shice.'^'  recorded  sixty  years  ago  by  Bretonneau  have  been  confirmed  by  many  obsorva-, 
*  From  the  Report  of  the  Medical  Officer  to  the  Privy  Council,  p.  43. 
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through  the  modium  of  the  water  (as  is  perhaps  most  common),  or  through 
the  air.  These  instances  are  so  numerous  that  the  entrance  of  a  fresh  agynt 
must  be  admitted,  and  if  so,  the  series  of  events  becomes  quite  intelligible. 

The  doctrine  that  a  specific  cause  is  necessary  for  the  production  of  typhoid 
fever ;  that  this  cause  is  present  in  the  intestinal  discharges,  and  that  sewers 
and  fajcal  effluvia,  and  fcecal  impregnation  of  water,  are  thereby  the  channels 
by  which  this  specific  cause  reaches  the  body  of  a  susceptible  person  (i.e.,  of 
a  person  who  has  not  previously  had  the  disease),  will  be  found  to  explain 
almost  all  the  events  which  have  been  recorded  in  connection  with  the  origin 
of  typhoid  fever. 

There  are,  however,  still  some  difficulties.  There  are  instances  in  which 
typhoid  fever  arises  from  sewer  air  without  any  possibility  of  tracing  the 
entrance  of  a  person  with  the  disease.^  Sometimes,  as  in  the  case  of 
an  isolated  house  in  the  country,  it  seems  most  difficult  to  believe  that  any 
such  entrance  could  have  taken  place.  It  must,  however,  be  remembered 
that  the  carriage  of  the  "  contagion  "  takes  place  in  so  many  ways,  that  it 
is  impossible  always  to  trace  it.  In  the  case  of  typhoid  fever,  the  stools  are 
not  only  infectious  during  the  height  of  the  disease,  but  probably  during  the 
early  period  of  recovery  ;  and  the  disease  itself  is  also  often  so  slight  that 
persons  move  about,  and  believe  they  have  only  an  attack  of  diarrhoea. 
Again,  the  frequent  journeying  from  place  to  place  exposes  all  persons  to  a 
greater  chance  of  inhaling  the  typhoid  efiluvia,  and  the  real  source  of  the 
disease  may  be  far  removed  from  the  place  which  is  actually  suspected. 

There  are,  again,  cases  in  which  typhoid  fever  occurs  in  persons  who  have 
not  been  exposed  apparently  to  sewer  air,  or  faecal  emanations,  or  to  the  charge 
of  any  typhoid  contagion.  Dr.  Gordon  Hardie  has  recorded  two  cases  of  this 
kind  of  soldiers  attacked  during  imprisonment.  Such  cases  can  only  be  ex- 
plained either  by  supposing  an  incubative  period  of  extraordinary  length,  or 
an  origin  apart  altogether  either  from  faecal  emanations  or  a  prior  case  of 
the  disease. 

Admitting,  however,  that  there  are  still  difficulties  to  be  explamed 
by  future  observation,  it  seems  clear  that  the  theory  of  a  specific  cause  repro- 
ducing itself  in  the  intestines  and  contained  in  the  discharges,  and  naturally 
therefore,  connected  more  or  less  closely  with  excreta  and  sewers,  and  some- 
times with  drinking-water,  is  that  which  best  meets  the  facts  which  have  been 
most  faithfully  reported  in  outbreaks  of  typhoid  fever.  The  evidence  of  the 
carriage  of  a  cause  of  this  kind  in  water  strongly  supports  this  view. 

(e)  Emanations  from  Fcpxal  Matter  thrown  on  the  Grou7id.—0\vmg,  doubt- 
less to  the  rapid  movement  of  the  air,  there  is  no  doubt  that  the  excreta  of 
men  and  animals  thrown  on  the  ground  and  exposed  to  the  open  air  are  less 
hurtful  than  sewer  air,  and  probably  in  proportion  to  the  dilution. 

When  there  are  accumulations  in  close  courts,  small  back-yards,  &c.,  the 
same  effects  are  produced  as  by  sewer  air,  and  many  instances  are  recorded  m 
the  Health  of  Toivns  Report  When  fa3cal  matters  are  used  for  manure, 
and  are  therefore  speedily  mixed  with  earth,  they  seldom  produce  bad  effects. 
Owing,  doubtless,  to  the  great  deodorising  and  absorbing  powers  of  earth, 
effluvia  soon  cease  to  be  given  off.  An  instance  is,  however,  on  record  in 
which  two  cases  of  typhoid  were  supposed  to  arise  from  the  manurmg  of  an 
adjacent  field.  Dr.  Clouston  has  also  shown  by  evidence,  which  seems  very 
strong,  that  dysentery  was  produced  in  an  asylum  by  the  exhalations  from 
sewage,  which  was  spread  over  the  ground  (a  stiff  brick  clay  subsoil)  about 


1  Ranke  admits  the  possibility  of  spontaneous  origin  of  tjThoid,  but  thinks  it  spreads  more 
frequently  through  air  than  any  other  way. 
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300  yards  from  the  asylum.  The  case  seems  a  very  couvincing  one,  as  the 
possibility  of  the  action  of  other  causes  (impure  water,  bad  food,  &c.)  was 
excluded.  This  is  a  point  on  which  more  evidence' is  desirable.  It  is  stated 
in  some  works  that  disease  is  frequently  produced  by  the  manuring  of  the 
ground,  but  there  seems  to  be  no  satisfactory  evidence  of  this.  On  the 
other  hand,  Dr.  A.  Carpenter  shows,  from  the  history  of  Beddington  sewage 
farm,  that  no  harm  to  the  neighbourhood  has  accrued  from  the  irrigation  with 
the  Croydon  sewage  during  twenty  years. ^  It  has  been  said  that  if  the 
sewage  matter  can  be  applied  while  perfectly  fresh  to  the  ground,  no  harm 
results  ;  but  if  decomposition  has  fully  set  in,  it  is  not  so  completely 
deodorised  by  the  ground.^  In  China,  where. fsecal  matter  is  so  constantly 
applied  in  agriculture,  the  air  is  often  filled  with  very  pungent  effluvia,  yet 
no  bad  effect  is  produced.^ 

(/)  Emanation  from  Streams  polluted  hy  Foical  Matter.— The  evidence 
on  "this  point  is  contradictory.  Parent- Duchatelet,  in  1822,*  investigated  the 
effect  produced  on  the  health  of  the  inhabitants  of  the  Faubourg  St.  Marceau, 
in  Paris,  by  the  almost  insupportable  effluvia  arising  from  the  Eiviere  de 
Bievre,  which  received  a  large  portion  of  the  sewage  of  the  quarter. 
He  asserts  that  the  health  was  not  at  all  damaged,  though  he  admits  that 
there  is  truth  in  the  old  tradition  at  the  Hotel  Dieu,  that  the  cases  from  St. 
Marceau  were  more  severe  than  from  any  other  place. 

Dr.  M'William  found  that  the  emanations  from  the  Thames  in  .1859-60 
had  no  deleterious  effect  on  the  health  of  the  Custom-House  men  employed 
on  the  river.    The  amount  of  diarrhoea  was  even  below  the  average. 

Mr.  Rawlinson  states'  that  a  careful  house-to-house  visitation  had  been 
made  in  some  of  the  worst  districts  of  Lancashire  (in  Manchester,  on  the  banks 
of  the  Medlock,  for  instance)  without  finding  any  great  excess  of  disease. 

On  the  other  hand,  in  the  reports  of  Sir  H.  De  la  Beche  and  Dr.  Lyon 
Playfair,^  is  some  strong  evidence  that  the  general  health  of  the  people 
suffered  from  the  emanations  of  the  putrid  streams  of  the  Frome,  and  the 
tributaries  of  the  Irk  and  Medlock ;  that  they  were  pale,  in  many  cases 
dyspeptic ;  that  fevers  (typhoid)  prevailed  on  the  banks  is  asserted  by  some 
observers,  but  rather  doubted  by  others  ;  but  none  seem  to  have  any  doubt 
that  the  fevers,  when  they  occurred,  were  much  worse.  Cholera  in  Manchester 
.was  severe  along  the  banks  of  some  of  these  streams,  but  that  might  have  been 
from  the  water  being  drunk.  In  1858  also,  Dr.  Ord^  observed  that  a  large 
number  of  the  men  employed  on  the  Thames  were  affected  by  the  effluvia  ; 
the  symptoms  being  languor  and  depression,  followed  by  nausea  and  headache, 
aching  of  the  eyeballs,  and  redness  and  swelling  of  the  throat.  Diarrhcea  was 
rare.  In  1859  these  symptoms  were  not  observed,  though  the  state  of  the 
river  was  worse.    Were  they  then  really  caused  by  the  effluvia  in  1858? 

It  is  very  likely  that  the  discrepancy  of  evidence  may  arise  from  the 
amount  of  water  which  dilutes  the  fsecal  matter  being  much  greater  in  some 
cases  than  others.  In  the  case  of  the  Thames,  the  dilution  was  after  all  very 
great,  and  this  was  the  case,  in  part  at  any  rate,  in  the  Bievre,  as  the  stream 
was  in  some  places  6  and  7  feet  deep.  The  evaporation  from  such  a  body  of 
water,  however  offensive  it  may  be,  must  be  a  very  different  thing  from  the 
effluvia  coming  off  from  the  masses  of  organic  matter  laid  bare  by  the  almost 

1  The  Utilisation  of  Town  Sewage  by  Surface  Irrigation,  by  A.  Carpenter  M  D  Trans 
Internat.  Medical  Congress,  London,  LS81,  vol.  iv.  2  See  chapter  on  SewIge 

1870  ">t-ifI^!'T''''  °",«7n  ^^l"^"'  ^""^       half-year  ending  September 

i»/0,   tkina  Customs  Gazette  for  1870  ;  Shanghai,  1871.  Hvaihie  Puh/m,jp\^ 

»  lieport  of  Committee  an  Sewage,  1864,  p.  174,  Question  3997.        ^       ^ubl.que,  p.98. 


Second  Report  of  the  Health  of  Towns  Commission,  pp.  261  and  347 
■I runs.  Social  Science  Association,  1859, -p.  571 
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complete  drying  up  of  streams  into  which  quantities  of  faecal  matter  are  dig- 
charged.  When  sewage  matter  is  poured  into  the  sea,  and  washed  back  by  the 
tide,  it  becomes  a  source  of  danger. 

{9)  Efftid  of  Manure  Manufactories. — The  manure  manufactories  at  present 
existing  in  this  country  do  not  appear  to  produce  any  bad  effects.  They 
are  generally  at  some  little  distance  from  towns,  and  the  effluvia  are  soon 
dihited.  The  Secretary  of  the  Hyde  Manure  Company  stated  that  while  the 
works  were  in  operation  no  bad  effects  were  observed.  But  if  situated  in 
towns  they  are  nuisances,  and  maybe  hurtful.  In  1847  evidence  was  given 
to  show  that  a  manure  manufactory  situated  in  Spitalfields^  and  about 
100  feet  from  the  workhouse,  caused  bad  diarrhoea  whenever  the  wind  blew 
in  that  direction,  and  12  cases  of  "spontaneous  gangrene"  (!)  which  had 
appeared  among  children  were  attributed  to  it.  The  cases  of  disease  in  the 
workhouse  infirmary  also  acquired^  it  was  said,  a  malignant  and  intractable 
character.^  In  France  the  workmen  engaged  in  the  making  of  "  poudrette" 
do  not  in  any  way  suffer,  except  from  slight  ophthalmia.^  Parent-Duchatelet^ 
(on  very  slight  evidence  indeed)  thought  the  emanations  were  even  bene- 
ficial in  some  diseases,  and  Tardieu  seems  inclined  to  support  this  opinion. 
When  the  poudrette  is  decomposing,  and  large  quantities  are  brought  into 
small  spaces,  as  on  board  ship,  serious  consequences  may  certainly  result. 
Parent-Duchatelet  records  two  cases  of  outbreaks  on  board  ships  carrying 
poudrette  which  fermented  on  the  voyage ;  one  vessel,  the  "  Arthur," 
lost  half  her  crew  (number  not  known),  and  the  rest  were  in  a  state  of 
deplorable  health;  the  men  who  unloaded  the  cargo  were  also  affected. 
The  symptoms  are  not  recorded ;  but,  in  a  smaller  vessel,  where  all  on  board 
(5)  were  similarly  affected,  the  disease  put  on  the  appearance  of  "  an  adynamic 
fever."  There  was  intense  pain  of  the  head  and  of  all  the  limbs,  vomiting, 
great  prostration,  and  in  two  cases  severe  diarrhoea.  These  symptoms  are 
very  similar  to  those  already  mentioned  as  produced  in  the  children  at 
Clapham  by  the  opening  of  a  privy.  In  bone  manure  factories  it  has  been 
shown  that  arsenic  is  given  off  in  the  fumes  in  considerable  quantity,  arising 
from  the  use  of  impure  sulphuric  acid.* 

{h)  The  Air  of  Graveyards. — There  is  some  evidence  that  the  disturbance 
of  even  ancient  places  of  sepulture  may  give  rise  to  disease.  Vicq  d'Azyr 
refers  to  an  epidemic  in  Auvergne  caused  by  the  opening  of  an  old  cemetery  ; 
tha  removal  of  the  old  burial-place  of  a  convent  in  Paris  produced  illness  in 
the  inhabitants  of  the  adjoining  houses.^  In  India,  the  cantonment  at 
Sukkur  was  placed  on  an  ancient  Mussulman  burial-ground,  and  the  station 
was  most  unhealthy, *5  especially  from  fevers. 

The  effect  of  effluvia  from  comparatively  recent  putrefying  human  bodies 
has  been  observed  by  many  writers.  Eammazzini  ^  states  that  sextons  enter- 
ing places  where  there  are  putrefying  corpses  are  subject  to  malignant  fevers, 
asphyxia  and  suffocating  catarrhs;  Pourcroy  remarks  that  there  are  a 
thousand  instances  of  the  pernicious  effects  of  cadaveric  exhalations  ;  and 
Tardieu  ^  has  collected  a  very  considerable  number  of  cases,  not  only  of 

1  vV/ecZicaZ  6rfize«e,  December  1847.  t..  ,  t,d    -     +  •        ak-^  T„^ri,-o„ 

2  Parent-Duchatelet ;  Patissier.    See  also  Tarmeu  Dic^.  d  Hygiene  t.  iv  p.  453.  Tarclieu 
in  1862  writes-"  We  do  not  hesitate  to  affirm  that  the  exhalations  from  these  manufact6nes 
TvoMcs)  Txercise  no  injurious  action  either  on  man  or  vegetation."    But  it  must  be  remem- 
bered that  these  places  are  excellently  conducted;  ventilation  is  good,  and  the  faecal  matter 
is  soon  subjected  to  processes  which  prevent  its  decomposition. 

*  ol%ifpiSZe\f\fsmtm  the  Vapours  of  Bone  Manure  by  James  Adams  M.D.,  1876, 

6  Tardieu,  Diet,  d" Hygiene,  1.  p.  51/. 
6  Borm&-a  Gh&vQTs,  European  Soldiers  in  l7idia,\^A()^.  mo  ^/ „.« 

Maladies  des  Artimnsfp.  71.  «  ^^ct.  d'Hygiine,  1862,  1. 111.  p.  463  et  seq. 
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asphyxia,  but  of  several  febrile  affections  produced  by  exhumations  and  dis- 
turbance'of  bodies.  Mr.  Ghadwick,i  and  the  General  Board  of  Health,^ 
also  summed  up  evidence,  which  showed  that  in  churchyards  thickly  crowded 
with  dead,  vapours  were  given  off  which,  if  not  productive  of  any  specific 
disease,  yet  increased  the  amount  both  of  sickness  and  mortality.  In  some  in- 
stances, this  might  have  been  from  contamination  of  the  drinking  water  ;  but 
in  other  cases,  as  in  the  houses  bordering  the  old  city  graveyards,  where  the 
water  was  supplied  by  public  companies,  the  air  also  must  have  been  in  fault. 
In  the  houses  which  closely  bordered  the  old  city  yards,  which  were  crowded 
with  bodies,  cholera  was  very  fatal  in  1849,^  and,  according  to  some 
practitioners,  no  cases  recovered.  All  other  diseases  in  these  localities  were 
said  to  have  assumed  a  very  violent  and  unfavourable  type.  Hirt  says, 
on  the  other  hand,  that  when  grave-diggers  are  protected  from  the  acute  effects 
of  carbon  dioxide,  their  calling  is  not  unhealthy;  their  death  rate  he  gives  at  17 
per  1000,  and  their  mean  duration  of  life  at  58-60  years.  This,  however,  is  in 
Germany,  where,  as  he  admits,  there  is  less  crowding  of  graveyards  than  in 
England  or  France.  Nageli,  arguing  probably  from  similar  data,  thinks  that 
graveyards  may  exist  in  the  midst  of  towns  without  danger  to  health,  provided 
precautions  be  taken  with  reference  to  the  drainage  and  ventilation  of  the  soil. 

(i)  EffljiLvia  from  Decomposing  Animals. — On  this  point  there  is  some  dis- 
crepancy of  evidence. 

In  1810,  Deyeux,  Parmentier,  and  Pariset  gave  evidence  to  show  that 
the  workmen  in  knackeries  are  in  no  way  injured.  Parent-Duchatelet,  from 
his  examination  of  the  health  of  the  men  employed  at  the  knackery  and 
slaughter-house  at  Montfaucon,  came  also  to  the  conclusion  that  their  health 
was  not  affected.  It  should  be  mentioned  that  this  knackery  is  remarkably 
well  placed  for  ventilation,  and  is  excellently  conducted  ;  putrid  remains,  in  the 
proper  sense  of  the  word,  do  not  now  exist  in  any  knackery  in  or  near  Paris  ; 
the  workmen  are  well  paid  and  well  fed,  and  are  therefore  prepared  to  bear 
the  effect  of  any  injurious  effluvia.  It  has  been  stated,  however,  that  in  the 
Hotel  Dieu,  the  patients  used  to  suffer  when  the  wind,  loaded  with  effluvia, 
blew  from  Montfaucon  (Henry  Bennet).  Tardieu,  from  a  late  re-examination 
of  the  question,  confirms  Parent's  conclusions,*  except  as  regards  glanders 
and  mahgnant  pustule,  touching  which  Parent-Duchatelet's  evidence  was  as 
usual  negative,  Tardieu,^  however,  states  that  many  examples  occur  in  the 
French  knackeries  of  the  transmission  of  these  diseases,  though  glanders  and 
farcy  are  less  frequently  caught  in  knackeries  than  in  stables.  JSFo  analysis 
has  yet  been  made  of  the  air  of  knackeries. 

Parent-Duchatelet 6  is  also  often  quoted,  as  having  proved  that  the  exposure 
of  the  remains  of  4000  horses,  kiUed  in  the  battle  of  Paris  in  1814,  produced 
no  bad  effects.  These  horses  were  kiUed  on  the  30th  March,  and  were  burnt 
on  the  10th  and  12th  of  April.  They  gave  out  "  une  odeur  infecte,"  which 
produced  no  bad  results  on  those  who  collected  the  bodies.  Parent-Duchatelet 
inquired  particularly  whether  typhus  was  produced  by  effluvium,  and  proved 
that  it  was  not ;  a  conclusion  conformable  to  our  present  doctrine.  He  did 
not,  however,  do  more  than  examine  the  registers  of  deaths  of  the  three 
years  before,  during,  and  after  the  battle,  and  found  no  evidence  for  increased 
mortality.  The  utmost  this  observation  shows  is,  that  no  typhus  was  pro- 
duced; and  that  the  amount  of  decomposition,  caused  by  eleven  days  of  hot 
weather,  did  not  affect  those  concerned  in  collecting  and  burnincr  the  bodi 


lies. 


3  ^^PT^.,?!^  Interments  in  Toions.  2  Report  on  Extramural  Sepulture  1850 

land^  l";S.r  cIS'ls'o  ""T"'      E-tramr.;il  Inter.unt,  p.  12.  kther- 
^P-  cit.,  t.  IV.  p.  468.  6  met.  d'lhjgiSne't.  i.  p.  47. 
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On  the  other  hand,  the  experience  of  many  campaigns,  where  soldiers  have 
been  exposed  to  the  products  of  an  advanced  putrefaction  of  horses,  shows 
that  there  is  a  decided  influence  on  health.  Pringle  especially  noticed  this ; 
and  in  many  subsequent  campaigns  this  condition  has  been  one  of  the  causes 
of  insalubrity.  Diarrhoea  and  dysentery  are  the  principal  diseases  ;  but  all 
affections  are  increased  in  severity.  At  the  siege  of  Sebastopol,  where,  in 
the  French  camp,  a  great  number  of  bodies  of  horses  lay  putrefying  on  the 
ground,  KeynaP  describes  the  effect  as  disastrous,  and  even  conjectures  that  the 
spread  of  typhus  was  connected  with  this  condition,  though  this  is  unlikely. 

(^')  Air  of  Brickfields  and  Cement  Works. — The  peculiar  smell  of  brick- 
fields cannot  be  owing  to  carbon  dioxide  or  monoxide,  or  to  hydrogen  sul- 
phide or  sulphur  dioxide  (the  gases  evolved  from  the  kilns) ;  but  its  exact 
cause  is  not  known.  The  air,  at  its  exit  from  the  chimney  of  furnaces  and 
kilns,  is  rapidly  fatal;  but  so  rapid  is  its  ascension,  dilution,  and  diffusion,  that 
at  a  little  distance  it  is  respirable.  In  almost  all  the  actions  against  the 
owners  of  brickfields  nothing  more  than  a  nuisance  has  been  established,  and 
this  not  in  the  legal  sense.  The  smoke  and  gases  from  cement  works,  how- 
ever, destroy  neighbouring  vegetation,  the  smell  can  be  perceived  for  several 
hundred  yards.  2  In  the  north  of  France  it  is  ordered  that  no  kilns  shaR  be 
within  50  metres  (5  i|  yards)  of  a  public  road ;  and  the  kilns  are  lighted 
only  at  night. 

(l)  Air  of  Talloiv-makers,  Bonehurners,  ^c— In  many  trades  of  this  kind 
large  quantities  of  very  disagreeable  animal  vapours  are  produced,  which 
spread  for  a  long  distance,  and  are  most  disagreeable.  Although  a  nuisance, 
it  is  difficult  to  bring  forward  positive  evidence  of  insalubrity.  But  the 
odour  is  so  bad  that  in  France  rules  are  in  force  to  oblige  the  vapours  to  be 
condensed  or  consumed,^  and  if  in  the  process  any  water  is  contaminated 
with  fatty  acids,  it  is  neutralised  with  lime.  M.  Foucon  has  figured  an 
apparatus  which  completely  burns  the  animal  vapours.* 

(m)  Air  of  Marshes.— It  seems  scarcely  necessary  to  allude  to  this  point, 
except  to  notice  that  in  addition  to  paroxysmal  fevers,  it  has  been  supposed 
that  serous  diarrhoea  (a  sort  of  dysenteria  incruenta)  and  true  bloody  dysentery, 
are  produced  by  malaria.  Also  that  there  is  perhaps  some  connection  witii 
malaria  and  liver  abscess  (1).  The  breathing  of  marsh  air  also  may  produce 
an  imperfect  condition  of  nutrition,  in  which  enlarged  spleen  plays  a  pro- 
minent part,  and  the  mean  duration  of  life  is  shortened.  1  f 

(n)  Unknown  Conditions  of  the  ^^mosp/iere.— Occasionally,  outbreaks  ot 
disease  occur  from  impurities  of  the  atmosphere,  the  nature  of  which  is  not 
known,  though  the  causes  giving  rise  to  them  may  be  obvious.  Dv.  Majer 
records  a  case  of  a  school  at  Ulm,  of  sixty  or  seventy  boys,  where  the  greater 
number  were  suddenly  affected,  on  a  warm  day  m  May,  with  similar  symp- 
W-giddiness,  headache,  nausea,  shivering,  trembling  of  the  limbs,  some- 
times fainting.  The  attack  occurred  again  the  next  day,  and  a  common  cause 
wS  certaTn  The  room  was  enclosed  by  walls,  in  a  narrow  space,  where  the 
Tow  had  lain  all  the  winter;  the  wall  was  covered  with  fungous  vegeta- 

on  and  with  salts  from  the  mortar.    From  the  sudden  entrance  of  ™ 
weXr,  fermentation  had  set  in,  and  a  strong  marshy  smell  -a.  produced^ 
the  substances  of  whatever  kind  ^^'^^^^^ 
narrow,  ill-ventilated  space.    Eemoval  to  a  healthier  locality  at  once  cured  the 

disease. 


1  Tardieu,  Did.  d'lIygQne,  t.  ii.  p.  221.  .. 

.  At  Southampton  the  smell  is. perceptible  at  Vl^Seim'  X^^^  Sanitat.  Pol,  Heft  ii. 
3  Vernois,  Hygiene  Indies.,  t.  u.  p.  60.         *  i-appeuiitjim 


CHAPTER  III. 


'  VENTILATION/ 

The  term  ventilation  is  not  always  used  in  the  same  sense.  By  some  it  is 
applied  to  the  dilution  and  removal  of  all  impurities  wMcli  can  collect  in 
the  air  of  inhabited  rooms.  The  most  common  causes  of  such  impurities  are 
the  respiration  and  cutaneous  transpiration  of  men,  the  products  of  combus- 
tion of  lights,  the  effluvia  of  simple  uncleanliness  of  rooms  or  persons;,  the 
products  of  the  soKd  or  fluid  excreta  retained  in  the  room,  or,  in  hospital, 
discharges  from  the  body  or  from  dressings.  In  addition  there  may  be  special 
conditions  which  allow  impure  air  to  flow  into  a  room,  as  from  the  basement 
of  a  house,  from  imperfectly  trapped  soil  and  waste  pipes,  or  from  other 

•  impurities  outside  a  house. 

It  will  be  desirable,  however,  to  restrict  the  term  ventilation  to  the  removal 
or  dilution,  by  a  supply  of  pure  air,  of  the  pulmonary  and  cutaneous  exhala- 

,  tions  of  men,  and  of  the  products  of  combustion  of  lights  in  ordinary  dwell- 
ings, to  which  must  be  added,  in  hospitals,  the  additional  effluvia  which 
proceed  from  the  persons  and  discharges  of  the  sick.  All  other  causes  of 
impurity  of  air  ought  to  be  excluded  by  cleanliness,,  proper  removal  of  solid 
and  fluid  excreta,  and  attention  to  the  conditions  surrounding,  dwellings. 

The  subject  of  ventilation  may  be  conveniently  considered  under  the  follow- 
ing heads : — 

1.  The  quantity  of  fresh  air  required  for  the  purposes  defined  above, 

2.  The  mode  in  which  this  quantity  may  be  supplied. 

3.  The  method  of  examining  whether  ventilation  is  sufficient  or  not ;  in 
other  words,  ascertaining  that  the  air  of  inhabited  rooms  is  pure  according 
to  a  certaia  standard.    This  will  form  the  subject  of  a  separate  chapter. 


SECTION  I. 


QUANTITY  OF  AIE  EEQUIEED. 

1.  Quantity  required  to  dilute  or  remove,  the  respiratory  impurities 

caused  by  healthy  persons. 

The  impurities  added  to  the  air  by  respiration  have  been  already  enume- 
rated. 

The  COg  which  a  human  being  adds  to  the  air  he  dwells  in,  is  not  in 
itself  an  important  impurity,  the  amount  being  too  small  to  exercise  much 
influence  on  health ;  but  it  is  practically  in  a  constant  ratio  with  the  more 
important  organic  matter  of  respiration  ; — and,  as  it  is  readily  determined 
with  sufficient  accuracy  for  practical  purposes,  it  is  taken  as  a  convenient 
index  to  the  amount  of  the  impurities.^ 


I  For  Army  Regulations  on  Ventilation,  see  Book  II.  Chap.  II. 
i.mpar!  fy^"^  earliest  observers  to  recognise  the  value  of  carbonic  acid  as  an  index  of  purity 
-  S  a842r'is  Ht'.f-K'  Blanc  whose  memoir,  lUckerches  sur  la  CompodtL  dTTMr 
llieamoniinf  •  by  General  Morm.    He  appears  to  have  had  clearer  notions  as  to 

1  lie  amount  of  air  necessary  than  most  of  his  contemporaries.  "otionb  as  to 


148 


VENTILATION. 


Pettenkofer,  whose  experiments  are  still  the  most  trustworthy,  ascertained 
that  a  man  of  twenty-eight  years  of  age,  weighing  132  tt)  avoir.,  evolved  per 
hour  at  night  during  repose  0-56  of  a  cubic  foot  of  COo,  and  0-78  in  the  day 
'-■pie,  using  very  moderate  exertion  :^ — during  hard  work  the  same  man 
|.  Yolved  1*52  per  hour.    These  amounts  give  the  following  : — 

In  repose,  ....    0-00424  cub.  ft.  of  COg  per  lb  of  body  weight. 
In  gentle  exertion,  .    0'00591  ,,  „  » 

In  hard  work,  .  .  0-01227 
These  figures  are  nearly  in  the  ratio  of  2,  3,  and  6,  and  this  may  serve  as 
a  guide  to  the  proportions  of  fresh  air  required.  If  now  we  take  the  average 
weight  of  adult  males  at  150  lb  to  160  Bi,  adult  females  at  100  tt)  to  120  ft, 
and  children  at  60  tt)  to  80  Bi,  we  should  have  the  following  amounts  of 
COg  evolved  per  hour  in  repose  : — 

Adult  males,         .       .    0-636  to  0-678  cubic  foot. 

„     females,      .       .    0-424  to  0-509 
Children,      .       .       .    0-254  to  0-339 
The  estimate  for  children  is  probably  too  little,  as  tissue  change  is  more 

active  in  their  case. 

For  a  mixed  community  a  general  average  of  0-6  of  a  cubic  foot  per  hour 
may  be  adopted;  but  for  adult  males,  such  as  soldiers,  it  is  advisable  to  adopt 

0*7  to  0-72.  .       ^         .         ^  ,  , 

Taking  the  CO^  as  the  measure  of  the  impurity  of  the  air  vitiated  by 
respiration  and  transpiration,  in  short  from  the  person  in  any  way,  we  have 
to  ask,  What  is  to  be  considered  the  standard  of  purity  of  air  m  dwelling- 
rooms We  cannot  demand  that  the  air  of  an  inhabited  room  shaU  be 
absolutely  as  pure  as  the  outside  air;  for  nothing  short  of  breathing  in  the 
open  air  can  ensure  perfect  purity  at  every  respiration.^  In  every  dweUmg- 
room  there  will  be  some  impurity  of  air. 

The  practical  limit  of  purity  wiU  depend  on  the  cost  which  men  are 
willincr  to  pay  for  it.  If  cost  is  disregarded,  an  immense  volume  of  air  can 
be  supplied  by  mechanical  contrivances,  but  there  are  comparatively  few  cases 

in  which  this  could  be  allowed.  ,    ^  .  ,  a  fi.of 

Without,  however,  attempting  too  much,  it  may  be  fairly  assumed  that  the 
quantity  of  air  supplied  to  every  inhabited  room  should  be  great  enough  to 
remove  all  sensible  impurity,  so  that  a  person  coming  directly  from  the  ex- 
emal  air  hould  perceive  no  trace  of  odour,  or  difference  between  the  room 
and  the  outside  air  in  point  of  freshness.  This  is  now  pretty  generaUy 
adLtted  as  he  most  convenient  practical  standard,  precautions  being  taken 
l"te  air  space  be  entered  directly  from  the  external  an-,  or  as  nearly  so  as 

nfaVrertyTr^V^^ 

obse^^at^n'fe  analyses),  that  the  sense  of  cai.Mly^^^^^^^^^ 

a  very  fair  idea  of       —  ^rwr/eSLin^d 

ments  the  amount  of  LO^  m  tlie  external  au  ^            Vnnwn  Dividing 

time,  so  that  the  respiratory  impurity  was  accurately  known.  Umamg 

the  observations  into  groups,  the  following  results  were  obtained  

respiration  being  placed  at  -6  cubic  teet  m  an  Jou  .  a  nian  pi.     ^.^  ^^^^^ 
of  air  must  receive  no  less  than  1,000.00U  cubic  teet  oi  u  Ventilation  and 

carbonic  acid  to  the  standard  (nearly  -0401  per  cent )  of  the  iresn  an  ^^^^^^^ 
Cubic  Space,"  by  Dr  de  Chaumont,  Assistant  Professor  oi  Jiygiene,  ^  j 
''f^^:S'l^^£^;^^onr  Proceedings  of  the  Royal  Society,  No.  168,  p.  187,  1875, 
and  No.  171, 1876. 


AMOUi^T  OF  AIR  NECESSAEY  FOR  VENTILATION". 
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1.  Fresh,  or  not 
differing  sen- 
sibly IVom  the 
outer  air. 

2.  Rather  close. 
Organic  matter 
becoming 
perceptible. 

3.  Close. 
Organic  matter 
disagreeable. 

4.  Very  close. 
Organic  matter  of- 
fensive and  oppres- 
sive ;  limit  of  dif- 
ferentiation by 
the  senses. 

Mean  CO2  per  1000  vols,  re- 
duced to  0°  Cent.  (  =  32°F.), 
due  to  respiratory  impurity, 

1  0-1943 

0-4132 

0-6708 

0-9054 

It  will  thus  be  seen  tliat  the  smell  of  organic  matter  is,  on  an  average,  per- 
ceptible to  the  sense  of  smell  when  the  coincident  CO2,  due  to  respiratory 
(or  personal)  impurity,  reaches  0-1943  per  1000  ;  and  that  when  it  exceeds 
0-9054,  smell  is  no  longer  able  to  detect  shades  of  difference.  We  may 
therefore  take  0-2  per  1000  in  round  numbers  as  the  maximum  amount  of 
respiratory  impurity  admissible  in  a  properly  ventilated  air  space. 

Adopting,  then,  this  standard  as  the  measure  of  the  permissible  maximum 
of  impurity,  the  next  point  is  the  quantity  of  pure  external  air  which  should 
pass  through  the  air  of  a  room,  vitiated  by  respiration,  per  head  per  hour,  in 
order  to  keep  the  COg  at  this  ratio,  assuming  a  general  average  of  0'6  of  a 
cubic  foot  per  head  per  hour  to  be  given  out  The  following  table  gives  the 
answer  to  this  question,  under  different  conditions  of  cubic  space : — 

Table  to  show  the  degree  of  Contamination  of  the  Air  {in  terms  of  CO^)  by  Respiration, 
and  the  amount  of  air  necessary  to  dilute  to  a  given  standard  of  -2  per  1000  volttmes  of 
air,  exclusive  of  the  amount  originally  present  in  the  air. 


Amoxmt  of  cubic  space 
(=breathing  space) 
for  one  man  in  cubic 
feet. 

Ratio  per  1000  ofCOg 
from  respiration  at 
the  end  of  one  hour,  if 
there  has  been  no  change 
of  air. 

Amount  of  air  necessary 
to  dilute  to  standard  of  "2 
during  the  first  hour. 

Amount  necessary  to 
dilute  to  the  given 
standard  every  hour 
after  the  first. 

100 

6-00 

2900 

3000 

i  200 

3-00 

2800 

3000 

300 

2-00 

2700 

3000 

400 

1-50 

2600 

3000 

500 

1-20 

2500 

3000 

600 

1-00 

2400 

3000 

700 

0-86 

2300 

3000 

800 

0-75 

2200  ■ 

3000 

900 

0-67 

2100 

•  3000 

1000 

.   0  60 

2000 

3000 

bat,  of  course,  there  would  be  actually  in  the  air  from  -3  to  -4  volumes  per 
1000  more  from  this  source.  Thus  (if  we  take  it  at  0*4),  in  the  room  of  100 
cubic  feet,  there  would  be  at  the  end  of  an  hour  (-04  +  -6)  -64  volumes,  or  6-4 
per  1000,  and  in  the  room  of  200  cubic  feet  there  would  be  -34  volumes  per 
cent.,  or  3*4  per  1000.    The  above  table  is  calculated  from  this  formula.  1 


where 


Pi 


Eespiratory  impurity  per  1000  volumes  existing  in  the  air  space 
c,  stated  in  terms  of  CO^. 
p  =  Admissible  limit  of  respiratory  impurity,  that  is,  0-2  per  1000 

volumes. 
c  =  Air  space,  in  cubic  feet. 
d  =  Amount  of  fresh  air  required,  in  cubic  feet. 

ISfiT^-^nl^nP'^"/^^  ^^li'yjn^ont's  papers  in  the  Lancet,  Sept.  1866,  and  Edh^hd  Journal  Mav 
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Thus  the  difference  between  the  actual  ratio  of  vitiation  and  the  admissible 
limit,  multiplied  by  the  capacity  of  the  air  space  and  divided  by  the  admissible 
limit,  gives  the  amount  of  fresh  air  required. 

1     _  9 

Example:  Let  Pi  =  l.  and  c  =  600:  then    '        =  4,  and  4  x  600  = 

*2 

2400  cubic  feet  of  air  required. 

This  formula  is,  however,  inconvenient  in  form,  and  gives  to  cubic  space  an 
apparent  importance  which,  as  we  shall  see  further  on,  it  does  not  possess. 
The  following  is  therefore  better,  as  it  is  of  general  application. 

^  =  d 
P 

where  e  =  the  amount  of  COg  exhaled  by  one  individual  in  an  hour,  p  = 
the  limit  of  admissible  impurity  (stated  per  cubic  foot),  and  d  =  the  required 
delivery  of  fresh  air  in  cubic  foot  per  hour.  If  p  be  expressed  per  1000 
volumeSj  then  d  must  be  taken  to  represent  the  number  of  thousartds  of 
cubic  feet  of  air.  If  now  we  take  e  at  the  general  average  of  0*6  of  a  cubic 
foot,  then  : 

0  '0  0*6 

,Q.QQ^j2  ~  3000    or  ^  =  3  =  number  of  thousands  of  cubic  feet  of  air  required. 

This  formula  may  also  be  used  conversely,  in  order  to  find  from  the  con- 
dition of  the  air  the  average  amount  of  fresh  air  which  has  been  hitherto 
supplied  and  utilised.  For  this  purpose  we  simply  substitute  for  p  (the 
admissible  limit)  p^,  the  observed  ratio.  Thus,  let  us  suppose  that  p^,  the 
observed  ratio  of  vitiation,  M'as  0'7  per  1000  vols.,  we  should  have : 
0  '6 

—  =  0'857  =  number  of  tltousands  of  cubic  feet, 

or  857  cubic  feet  of  air  per  head  per  hour  had  been  supplied  and  utilised 
during  ■^the  time  of  occupation. 

We  can  also  calculate  the  probable  condition  of  an  air  space  in  which  a 

e 

given  quantity  of  air  is  supplied  :  thus,  -y  =P\',  taking  the  amount  directed 

for  soldiers  in  barracks,  viz.,  1200  per  hour,  we  have  (assuming  that  e  repre- 
sents in  this  case  0'7) 

-^  =  0-000583  CO.  per  cubic  foot,  or  0-583  per  1000  vols. 
1200 

Where  the  quantity  e  is  less  than  the  above  amounts,  as  for  instance  in  the 
case  of  children,  we  should  have,  assuming  children  to  evolve  0*4  of  a  cubic 

foot,        04  ^  2  =  number  of  thousands  of  cubic  feet  of  air  required. 
0-2 

For  a  long  time  after  this  subject  first  attracted  attention  the  amount  of 
fresh  air  supposed  to  be  necessary  was  put  at  too  low  a  figure.  Even  the 
figures  of  General  Morin,^  which  were  a  great  advance  at  the  time,  are 
insufficient.  He  proposed  2118  cubic  feet  (60  cub.  metres)  for  barracks  at 
night,  and  Ranke  adopts  the  same  figures. 

Eoth  and  Lex  2  adopt  the  maximum  of  total  impurity  at  -6  per  1000, 
which  includes  0-4  of  initial  COg ;  and  as  they  estimate  the  expired  COg  as 
20  litres,3  or  '706  cubic  feet  (Eng.)  per  hour,  they  give  the  hourly  quantity 
of  air  as  100  cubic  metres,  or  3533  cubic  feet.  

1  Rapport  de  la  Commission  sur  le  Chauffage  et  la  Ventilation  des  Baiimens  du  Palais  dc 
Justice,  Paris,  1860  :  also  Manuel  Pratique  du  Chauffage  et  dela  Ventilation,  18/4.  _ 

Op  cit.  p.  221  3  This  amount  is  also  adopted  by  General  Monu. 
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It  is  highly  desirable  that  some  general  agreement  should  be  come  to  as  to 
the  amount  of  air  necessary,  even  if  it  be  admitted  that  the  desired  amount 
cannot  always  be  obtained.  If  we  adopt  the  following  amounts  of  CO^  as 
being  evolved  during  repose,  we  shall  not  be  far  from  the  probable  truth. 

Adult  males  (say  160  lb  weight),  .  .    07  of  a  cubic  foot. 

„  females  (  „  120  Bb     „    ),  .  .0-6 

Children      (  ,,     80  R     „    )  .  .  04 

Average  of  a  mixed  community,   .  .  0*6 

Under  those  conditions  the  amount  of  fresh  air  to  be  supplied  in  health 
during  repose  ought  to  be — 

For  adult  males,      ...  3500  cubic  feet  per  head  per  hour. 

„    „   females,      .    .    .  3000  „  „  ,, 

„    children,  .    .    .  2000  „  „ 

„  a  mixed  community,     .  3000  „  „  ,, 

The  amount  for  adult  males  as  above  given  is  just  100  cubic  metres,  or  if 
we  take  it  at  3600  cubic  feet,  it  is  just  one  cubic  foot  per  second.  These 
numbers  are  easy  to  remember. 

When  we  have  to  deal  with  places,  the  inmates  of  which  are  actively 
employed,  such  as  workshops  and  the  like,  the  amount  of  air  supplied  must 
be  proportionately  increased.  We  have  seen  that  in  light  work  the  CO.^ 
evolved  per  hour  is  nearly  0-006  of  a  cubic  foot  per  K)  of  body  weight,  and 
in  hard  work  at  least  double  that  amount, — so  that  for  a  man  of  160  S)  weight 
we  should  have — 

In  hght  work,  .    .    .  0-95  of  a  cubic  feet  of  CO^  evolved  per  hour. 
In  hard  work,  .    .    .  1'96  „  „" 

This  would  argue  a  delivery  of  fresh  air  as  follows  : — 

In  light  work,    .       .       .    4750  cubic  feet. 
In  hard  work,    .       .       .9800  „ 

It  was  stated  long  ago,  from  extensive  observations,  that  in  mines,  if  it 
was  wished  to  keep  up  the  greatest  energies  of  the  men,  no  less  than  100 
cubic  feet  per  man  per  minute  ( =  6000  per  hour)  must  be  given ;  if  the 
quantity  were  reduced  to  one-third,  or  one-half,  there  was  a  serious  dimi- 
nution in  the  amount  of  work  done  by  the  men.  This  amount  included,  of 
course,  all  the  air  wanted  in  the  mine  for  horses,  lights,  &c.i 

The  amount  for  animals  is  an  important  question  which  has  been  little 
studied.    Marcker  2  gives  the  following  from  experiments :  

For  large  cattle  (viz.,  oxen,  &c.)  30  to  40  cubic  metres  per  hour  for  every 
1000  fi)  weight,  or  1  to  1^  cubic  foot  for  every  S)  weight. 

Tor  small  cattle  (viz.,  sheep,  &c.)  40  to  50  cubic  metres  per  hour  for  every 
1000  S)  weight,  or  1^  to  If  cubic  foot  for  every  S)  weight ;  the  higher 
quantity  being  given  on  account  of  the  more  rapid  tissue  change  in'^the 
smaller  animals.  These  quantities  seem  absurdly  small,  and  the  chief  reason 
lor  so  limiting  them  seems  to  have  been  the  fear  of  lowering  the  temperature 
too  far.  This  is  an  erroneous  view:  animals  properly  fed  will  thrive  better  in 
a  well-ventilated  place  at  a  low  temperature  than  in  a  warmer  place  ill-venti- 
lated. There  seems  no  reason  why  the  same  rule  should  not  apply  to  animals 
as  to  man,  m  which  case  something  like  20  to  25  cubic  feet  per  hour  per  lb 
ot  body  weight  ought  to  be  supplied.    A  horse  or  a  cow  ought  therefore  tn 

^rJctioT  ^''T  ^"'^^  ''''  short: it\ugrt  to'be 

practically  m  the  open  air.  o  ul. 


Proceedings  of  the  Civil  Engineers,  vol.  xii.  jjp.  298  and  308.  2  Qp.  cit. 
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2.  On  the  Quantity  of  Air  required  for  Ughts,  if  the  Air  in  to  he  kept 

pure  hy  Dilution. 

Air  must  Le  also  supplied  for  lights  if  the  products  of  combustion  are 
allowed  to  pass  into  the  room.  Wolpert  has  calculated  that,  for  every  cubic 
foot  of  gas,  1800  cubic  feet  of  air  must  be  introduced  to  dilute  properly  the 
products  of  combustion ;  and  this  is  not  too  much  if  we  remember  that  a 
cubic  foot  of  good  coal  gas  produces  about  2  cubic  feet  of  carbon  dioxide,  and 
that  sulphur  dioxide  and  other  substances  may  be  also  formed.  A  common 
small  gas  burner  will  burn  nearly  3  feet  per  hour,  and  will  consume  10  or  pro- 
bably 12  cubic  feet  in  an  evening  (4  hours),  and  therefore  from  18,000  to 
21,600  cubic  feet  of  air  must  be  introduced  for  this  pui'pose  alone  in  the  4 
hours,  unless  the  products  of  combustion  are  removed  by  a  special  channel.^ 
The  power  of  illumination  being  equal,  gas  does  not  produce  more  COg  than 
candles  (Odling),  but  usually  so  much  more  gas  is  burnt  that  the  air  is 
much  more  deteriorated  ;  there  is  also  greater  heat  and  more  watery  vapour. 
The  products  should  never  be  allowed  to  escape  into  the  air  of  the  room. 
Weaver  has  shown  how  important  a.  source  of  impurity  this  is  ;  and  the  bad 
effects  of  breathing  the  products  of  gas  combustion  are  well  known. 

One  S)  of  oil  demands,  for  complete  combustion,  138  cubic  feet  of  air ;  and 
to  keep  the  air  perfectly  pure,  nearly  as  much  air  must  be  introduced  for  1  1) 
of  oil  as  for  10  feet  of  gas.  In  mines,  60  cubic  feet  per  hour  are  allowed 
for  each  light ;  the  lights  generally  are  dim,  and  the  amount  of  combustion 
is  slight ;  but  this  seems  an  extremely  small  amount. 

If  gas  is  not  burnt  in  a  room,  or  in  a  very  small  amount,  or  if  only 
candles  or  oil  lamps  are  used,  it  is  seldom  necessary  to  take  them  into  account 
in  estimating  the  amount  of  air. 

3.  On  the  Quantity  required  for  the  Respiration  and  Dilution  of  the 

Emanations  of  Sick  Men. 

In  making  differential  experiments  among  the  healthy  and  the  sick,  it  has 
been  found^  that  among  the  former  the  smell  of  organic  matter  was  still 
imperceptible  when  the  air  contained  0*208  per  1000  of  respiratory  impurity 
as  CO2 ;  but  in  hospitals  containing  ordinary  cases  it  was  quite  distinct 
when  the  COg  reached  0'166.  Prom  this  we  may  conclude  that  the  minimum 
amount  of  fresh  air  for  hospitals  ought  to  exceed  that  required  in  health  by 
at  least  one-fourth.  If  3000  cubic  foot  per  hour  be  admitted  as  a  general 
average  in  health,  we  may  demand  in  round  numbers  4000  in  sickness  \  and 
if  we  have  to  deal  with  adult  males  only,  such  as  soldiers,  4500  per  head 
per  hour.  When  we  have  to  deal  with  serious  cases,  a  still  greater  amount 
must  be  given,  reaching  5000,  6000,  or  even  more  if  possible, — in  fact,  the 
supply  should  be  unlimited.  These  views  are  in  accordance  with  the  results 
of  experimental  inquiry  (Grassi  in  Paris ;  Sankey  in  London  ;  Sutherland). 

In  some  diseases,  so  much  organic  substance  is  thrown  off,  that  scarcely 
any  ventilation  is  sufficient  to  remove  the  odom-.  In  some  of  the  London 
hospitals  Dr.  de  Chaumont  found  that  there  was  still  a  close  smeU  when  5000 
cubic  feet  and  even  more  were  supplied,  but  the  distribution  was  not 
perfect.  Even  when  3600  feet  were  supplied  and  utilised  (as  .calculated 
from  the  CO^)  the  ward  was  not  free  from  smell.  The  best  surgeons  now 
consider  an  almost  complete  exposure  of  pyaemia  patients  to  the  open  air  the 
best  treatment ;  and  it  is  well  known  that  in  typhus  fever  and  (to  a  less 

1  See  an  elaborate  table  by  M.  Layet,  Revue  d'HygUne,  vol.  ii.  pp.  1096-7. 

2  "The  Tlieory  of  Ventilation,"  by  Dr.  F.  de  Chaumont,  Proc.  Roy.  iioc,  loc.  cit. 
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extent)  in  typlioid,  and  also  in  smallpox  and  plague,  tliis  complete  exposure 
of  patients  to  air  is  the  first  important  mode  of  treatment,  before  even  diet 
and  medicines.  Even  temperature  must  be  sacrificed  to  a  considerable  extent, 
in  order  to  obtain  fresh  air,  if  a  choice  requires  to  be  made  between  the  two. 

Humidity. — The  condition  of  the  air  as  regards  humidity  is  a  matter  of 
some  impoi'tance.  but  has  not  hitherto  been  much  considered.  In  Dr.  de 
Chaumout's  experiments  the  mean  humidity,  in  rooms  having  less  than  0'2 
per  1000  of  respiratory  impurity  (reckoned  as  COg),  was  73  per  cent.,  at  a 
temperature  of  63°  Fahr.  This  might  betaken,  provisionally,  as  a  standard,^ 
at  least  for  climates  like  our  own.  In  drier  climates,  however,  as  in  America, 
such  a  condition  would  not  be  attainable  in  many  cases,  when  the  external 
air  has  a  mean  humidity  of  40  or  even  30  per  cent.  In  Germany  50  per 
cent,  is  looked  upon  as  an  average  humidity,  whilst  in  England  this  would 
indicate  an  exceptionally  dry  atmosphere. 


SECTION  n. 

THE  MODE  IN  WHICH  THE  NECESSARY  QUANTITY  OF  FRESH 

AIR  CAN  BE  SUPPLIED. 

This  is  an  engineering  problem,  and  there  can  be  no  doubt  that  in  time  to 
come  it  will  be  as  carefully  considered  by  engineers  as  the  supply  of  water,  or 
the  removal  of  the  solid  and  fluid  excreta.  Ventilation  is,  in  fact,  the 
problem  of  the  removal  of  the  gasiform  excreta  of  the  lungs  and  skin. 

Sub  Section  I. — Preliminary  Considerations. 

^  1.  CuUc  Space.'^ — A  certain  amount  of  fresh  air  has  to  pass  through  a  given 
air  space  in  a  fixed  time  in  order  to  maintain  a  certain  degree  of  purity ;  the 
amount  has  been  fixed  at  3000  cubic  feet  for  each  healthy  person  in  an  hour; 
before  considering  the  appliances  for  moving  this  air,  we  must  consider 
what  should  be  the  minimum  size  of  the  air  space  through  which  the  fresh 
air  has  to  pass. 

This  will  entirely  depend  on  the  rate  at  which  air  can  be  taken  through  the 
space  without  the  movement  being  perceptible  or  injurious.  The  size  of  the 
space  is  of  consequence,  chiefly,  in  so  far  as  it  afi'ects  this  condition.  The 
larger  the  air  space  the  less  is  the  necessity  for  the  frequent  renewal  of  air, 


^i,,-!  .T,^^       ^^L^f  regards  humidity,  information  may  sometimes  be  obtained 

which  nught  take  the  place  of  the  CO2  determination,  in  the  absence  of  means  for  carryin<^  out 
the  latter.  For  mstance  at  St.  Mary's  Hospital,  the  air  of  the  wards  was  found  to  have  78  per 
cent,  of  humidity,  or  5-8  per  cubic  foot ;  to  reduce  it  to  73  per  cent,  or  5-5  grains  per  cubic 
foot,  while  the  external  air  contained  5-2,  we  should  have  or  we  should  re- 

quire to  add  to  the  existing  delivery  of  air,  at  least  as  much  more  per  hour  as  would  equal  the 

wis  2n8n''f ^Ffw-'.'^«  '  *  t  '^'''f  ""^'"^''1  ^""^  22^^  ^^^'^  The  actual  supply 

w^  ^080  total  4336  per  head,  or  about  the  quantity  demanded  for  proper  hospital  ventilation 
m  the  metropohtan  lodging-houses,  30  superficial  and  240  cubic  feet  are  allowed  ■  in  thp 
section-houses  of  the  metropolitan  police  50  superficial  and  450  cubic  feet  are  given    T  p 
cubTo  Wt  n°,T  cubic  feet  for  every  healthy  person  in  dormitories,  and  from  850 

^pr«nn  T  n  "P^^^rds,  accordmg  to  circumstances,  as  far  as  1200  cubic  feet  for  every  sick 
^ZT^r.        ''^^If '  ?  of  300  cubic  feet  is  required  in  the  registered  lodginSises 

-<From  an  excellent  pamphlet,  entitled  Essentials  of  a  Healthy  Dwellmq,  p  1 3  f  In  th; 
Prussian  amy  the  allowance  is  495  cubic  feet  (Prussian  measurement,  which  is  itearlv  .nl.p 
as  English),  the  superficial  space  being  42-45  square  feet;  in  the  old  SoVii-ii/nv-^ 
cubic  space  was  700  to  800  cubic  feet  (Prussian).'  The  London  School  BoS  h.  vP  1  ^ 
general  schoolroom,  10  square  feet  per  scholar,  and  in  graded  schools  Q  .nnl^  ^  'I 
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and  the  less  the  chances  of  draught.  Thus  a  space  of  100  cubic  feet  raust  have 
Its  air  changed  tlnrty  times  in  an  hour,  if  3000  cubic  feet  of  air  are  to  be 
given  while  a  space  of  1000  cubic  feet  need  only  have  it  changed  three  times 
m  an  hour  for  an  equal  ventilation. 

When  the  most  perfect  mechanical  means  are  employed,  the  air  of  even 
a  small  air  space  can  be  changed  sufficiently  often  without  draught.  Thus,  in 
^j^^jj^ofer's  experimental  room  at  Munich,  the  air  space  is  424  cubic  feet, 
and  2640  cubic  feet  can  be  drawn  through  by  a  steam  engine  in  an  hour 
without  perceptible  movement;  in  other  words,  the  change  is  six  times  per 
hour  nearly.  With  the  best  mechanical  contrivances,  and  with  disregard  of 
cost,  we  are  therefore  certain  that  a  cubic  space  of  600  feet  would 
be  sufficient,  and  there  is  every  probability  that  engineers  could  ventilate  even 
a  smaller  space  without  perceptible  movement. 

But  if  the  mechanical  contrivances  are  of  an  inferior  kind,  and  particularly 
if  natural  ventilation  is  used,  the  difficulties  of  ventilating  a  small  space  are 
considerable,  and  are  caused  not  so  much  by  the  rate  of  movement  of  the 
greater  part  of  the  air  in  the  room,  as  by  the  rate  at  the  openings  where  the 
fresh  air  comes  in  very  quickly,  and  causes  currents  in  the  room.  Suppose, 
for  example,  a  space  of  500  cubic  feet  with  a  man  in  it,  who  has  to  be  supphed 
with  3000  cubic  feet  in  an  hour  ;  if  the  inlet  opening  be  12  square  inches, 
the  rate  of  movement  through  it  would  be  10  feet  per  second,  or  nearly  7 
miles  per  hour ;  if  24  square  inches,  it  would  be  5  feet,  or  about  3-4  miles  per 
hour.  In  either  case,  in  such  a  small  room,  the  air  could  not  be  properly 
distributed  before  reaching  the  person,  and  a  draught  would  be  felt.  If 
instead  of  500  cubic  feet  1000  be  given,  the  problem  is  easier,  for  the  small 
current  of  fresh  air  mixing  with  the  larger  volume  of  air  in  the  room  is  more 
easily  broken  up,  and  the  man  being  further  from  the  opening,  the  movement 
is  less  felt.  The  question,  in  fact,  turns  in  great  measure  on  the  power  of 
introducing  the  air  without  draught. 

If  the  renewal  of  air  is  carried  on  by  what  is  termed  natural  ventilation, 
under  the  ordinary  conditions  of  this  climate,  a  change  at  the  rate  of  six  times 
per  hour,  as  in  Pettenkofer's  room,  could  not  be  attempted.  Even  five  times 
per  hour  would  be  too  much;  for,  in  barracks  with  600  cubic  feet  per  head,  the 
rooms  are  cold  and  draughty,  when  anything  approaching  to  3000  cubic  feet 
per  head  per  hour  are  passing  through ;  that  is  a  change  of  five  times  per  horn- 
for  each  600  cubic  feet  of  air  space.  A  change  equal  to  three  times  per  hour 
is  generally  all  that  can  be  borne  under  the  conditions  of  warming  in  this 
country,  or  that  is  practically  attainable,  and  if  this  be  correct,  from  1000  to 
1200  cubic  feet  should  be  the  minimum  allowance  of  the  initial  air  space. 

"With  good  warming  and  an  equable  movement,  which,  however,  is  not 
always  easy  to  get,  there  might  be  larger  inlets  and  therefore  more  easy  dis- 
tribution and  a  smaller  air  space  fco  begin  with.  If  the  inlets  are  48  square 
inches,  the  rate  through  them  to  supply  a  space  of  500  cubic  feet  with  3000 
cubic  feet  per  hour  would  be  only  2|  feet  per  second  ;  and  if,  as  should  be 
the  case  in  artificial  ventilation,  the  inlet  is  72  or  80  square  inches  in  size,  the 
rate  would  only  be  a  little  over  1|  foot  per  second,  which  would  be  impercep- 
tible even  at  the  orifice.  But  there  is  an  argument  against  a  small  cubic  space, 
even  with  good  mechanical  ventilation,  viz.,  that  if  anything  arrests  the 
mechanism  for  a  time,  the  ratio  of  impurity  from  respiration  increases  much 
faster  in  a  small  than  in  a  large  space.^ 

1  Experimental  data  on  many  of  these  points  are  still  wanting.  In  prisons,  with  cells  for 
separate  confinement  and  artificial  ventilation,  the  amount  of  space  is  seldom  under  750  to  800 
cubic  feet,  and  practically  this  is  found  to  be  too  small. 

In  Pentonville  Prison,  on  Jebb's  system,  the  air  was  hardly  ever  changed  three  times  in  the 
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The  warmth  of  the  moving  air  influences  the  sensation  of  the  persons 
exposed  to  it.  At  a  temperature  of  55°  or  60°,  a  rate  of  1^  foot  per  second 
( =  1  mile  per  hour  nearly)  is  not  perceived  ;  a  rate  of  2  to  2|-  per  second 
(1'4  and  1'7  miles  per  hour)  is  imperceptible  to  some  persons  j  3  feet  per 
second  (2  miles  per  hour  nearly)  is  perceptible  to  most ;  a  rate  of  3  J  feet  is 
perceived  by  all  persons  ;  any  greater  speed  than  this  will  give  the  sensation 
of  draught,  especially  if  the  entering  air  be  of  a  different  temperature,  or  moist. 
If  the  air  be  about  70°  Fahr.,  a  rather  greater  velocity  is  not  perceived,  while 
if  it  be  still  higher  (80°  to  90°  Fahr.),  the  movement  becomes  again  more  per- 
ceptible, and  this  is  also  the  case  if  the  temperature  be  below  40°  Fahr,  If 
the  air  could  be  warmed  to  a  certain  point  in  a  cold  climate,  or  if  the  climate 
be  warm,  there  may  be  a  much  more  rapid  current,  and  consequently  a 
smaller  cubic  space  might  be  given.  The  subject  of  ventilation  is  in  cold 
climates  connected  inseparably  with  that  of  warming,  for  it  is  impossible  to 
have  efficient  ventilation  in  cold  weather  without  warming  the  air. 

The  amount  of  cubic  space  thus  assigned  for  healthy  persons  is  far  more 
tban  most  people  are  able  to  have ;  in  the  crowded  rooms  of  the  artizan  class, 
the  average  entire  space  would  probably  be  more  often  200  or  250  cubic  feet 
per  head  than  1000.  The  expense  of  the  larger  rooms  would,  it  may  be  feared, 
be  fatal  to  the  chance  of  such  an  ideal  standard  being  generally  carried  out ; 
but,  after  all,  the  question  is,  not  what  is  likely  to  be  done,  but  what  ought 
to  be  done  ;  and  it  is  an  encouraging  fact  that  in  most  things  in  this  world,  | 
when  a  right  course  is  recognised,  it  is  somehow  or  other  eventually  carried  I 
out. 

So,  in  the  case  of  soldiers,  the  amount  of  authorised  regulation  space 
(600  cubic  feet),  is  below  the  standard  now  given,  but  still  the  space  is  as 
much  as  can  be  demanded  at  present,  as  it  has  been  found  very  difficult, 
without  incurring  greater  expense  than  the  country  would  bear,  to  give  every 
man  even  the  600  cubic  feet. 

For  sick  persons  the  cubic  space  should  be  more  than  for  healthy  persons. 
We  are  to  remember  that  there  are  other  impurities  besides  those  arising  from 
respiration  and  transpiration,  and  that  immediate  dilution  and  as  speedy 
removal  as  can  be  managed  are  essential. 

Very  much  the  same  considerations  apply  to  sick  as  to  healthy  men,  except 
that  the  allowance  of  air  in  all  cases  of  acute  diseases  must  be  greater ;  and, 
therefore,  especially  if  natural  ventilation  be  employed,  the  cubic  space  has  to 
be  enlarged  also,  to  insure  good  distribution  without  draught,  for  surface 
chilling  must  be  carefully  avoided. 

Admitting  that,  in  hospitals,  a  minimum  of  4000  cubic  feet  of  fresh  air 
per  patient  per  hour  should  be  supplied,  if  the  change  of  air  is  to  be 
three  times  per  hour,  as  the  best  available  rate  of  movement,  the  cubic  space 
must  be  about  1300  cubic  feet.  A  consideration  of  another  kind  may  aid  in 
determmmg  the  question  as  regards  sick  men.  In  hospitals  a  certain  amount 
of  floor  space  is  indispensably  necessary ;  first,  for  the  lateral  separation  of 
patients;  secondly,  for  convenience  of  attendance.    For  the  first  object  the 


hour  dming  my  expenments,  although  the  cells  are  nearly  800  cubic  feet  in  capacity  The 
mean  supply  of  a.r  per  hour  was  about  1056  cubic  feet.    In  Gosport  military  prison  also  on 
Jebb  s  pnnciple  (but  not  perfectly  carried  out),  the  mean  supply  was  about  800  cubi^feet  b^^ 
he  cells  are  on  y  about  600  in  capacity.    In  Aldershot  military  prison  (not  oHebSs  VrinciSe^ 
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oZlv  ^  ^-^^^ter;  and  in  respect  of  the  second,  Dr.  Acland  has 

tieaiiy  snown  that  the  mimmum  floor  space  for  convenient  nursing  should 

1    qS''^";  ^""f  P'^'  ^  ^^^^  «f  12  feet  in  height  this  v^ould  give 

only  b64  cubic  feet,  which  is  much  too  small. 

Considering,  however,  the  immense  benefit  to  patients  of  pure  air,  and  the 
practical  experience  of  hospital  physicians,  it  is  very  desirable  not  to  fix  the 
noor  and  cubic  space  of  hospital  wards  at  the  minimum  of  what  may  suffice, 
ine  desire  of  most  hospital  physicians  and  surgeons  is  to  obtain  for  theh 
patients,  if  they  can,  a  floor  space  of  100  to  120  square  feet,  and  a  cubic  space 
oi  1500  to  2000  cubic  feet,  and  in  this  they  are  right. 

_  It  must  be  distinctly  understood  that  a  minimum  of  floor  space  must  he 
■  insisted  upon  in  all  cases,  not  less  than  ^\  of  the  cubic  space.2 

A  notion  prevails  among  many  people,  that  cubic  space  may  take  the  place 
oi  change  of  air,— so  that  if  a  larger  cubic  space  be  given,  a  certain  amount 
oi  change  of  air  may  be  dispensed  with,  or  less  fresh  air  be  required.  This 
is  quite  erroneous :  even  the  largest  space  can  only  provide  sufficient  air  for  a 
limited  time,  after  which  the  same  amount  of  fresh  air  must  be  suppHed 
hourly,  whether  the  space  be  large  or  small.  This  is  shown  by  the  table  on 
page  149,  and  may  also  be  mathematically  demonstrated  by  the  formula 
given  below.3  Even  in  a  space  of  10,000  cubic  feet  per  head  the  hmit  of 
admissible  impurity  would  be  reached  in  a  little  over  3  hours,  after  which 
the  same  hourly  supply  of  3000  feet  would  be  as  necessary  as  in  a  space  of 
100  cubic  feet.4  *^  ^ 


Cubic  Space  reqmred  for  Animals. 

The  amount  of  space  for  animals  has  not  been  very  carefully  examined. 
If  we  followed  the  ride  for  men  and  gave  one-third  of  the  quantity  of  an* 
supplied  per  hour,  this  would  give  for  horses  and  cattle  from  3000  to  7000 
cubic  feet.  This,  however,  is  probably  not  necessary,  because  change  of  air 
can  be  carried  on  more  freely  than  in  human  habitations,  and  animals  cannot 
close  ventilators  as  men  will  often  do.  A  floor  space  oi  100  to  120  square 
feet  would  probably  be  sufficient,  giving  a  si>ace  of  1200  to  1800  cubic  feet, 
according  to  the  height  of  the  building.  If  this  could  be  secured  there  is 
every  probability  that  the  results  would  be  excellent  We  might  put  the 
estimate  roughly  at  2  cubic  feet  of  space  for  every  S)  avds.  the  animal  weighs, 
— the  floor  space  being  not  less  than  -^^  of  the  cubic  capacity. 

At  present,  the  Army  Eegulations  allow,  in  new  stables,  each  horse  1605 
cubic  feet,  and  100  square  feet  of  floor  space  ;^  and  the  means  of  ventila- 


1  See  Report  of  the  Committee  appointed  to  inquire  into  the  cubic  space  of  Metropolitan 
Workhouses,  1867,  p.  12. 

2  On  this  subject  see  furthei;  in  chapter  on  Habitations. 

P\=-        ~  ^    "  /  }  where  pi=ratio  of  respiratory  impurity  at  the  time  (h),  (e)  the  amount 

of  impurity  involved  during  (h),  (d)  the  supply  of  fresh  air,  (e)  the  exponential  function,  viz., 

2 718,  and  (c)  the  capacity  of  the  air  space.  Soon  after  the  first  hour  the  co-efficient  e~T  prac- 
tically vanishes,  and  with  it  vanishes  also  the  small  influence  the  cubic  space  exercises. 

*  For  further  remarks  on  this  jDoint,  see  my  Lectures  on  Slate  Medicine  ;  also  "  Hygiene  "  in 
Sanitary  Record,  1874-5.  In  a  pamphlet  by  General  Morin,  Note  surl'espace  cubiqiie,  <Dc.,a 
table  is  given  that  might  be  misleading,  Avithout  explanation.  It  really  shows  the  amount  of 
air  necessary  to  dilute  a  certain  amount  of  impurity  evolved  in  a  certain  cubic  space,  and  is 
similar  to  the  table  given  on  page  149  of  this  work.  For  continuous  ventilation  the  necessary 
supply  in  any  ordinary  space  of  the  first  hour,  is  a  constant  quantity.  This  can  be  shown  by 
asymptote  lines  also.  See  paper  by  C.  Herscher,  "Soci6te  de  Medecine  Pubiique,"  in  Revue 
d'Hygiene,  vol.  iii.  p.  207.— (F.  de  C.) 

Report  of  the  Barrack  and  Hospital  Imijrovement  Commission  on  the  Ventilation  of 
Cavalry  Stables,  1866,  p.  10. 
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tion,  as  will  be  presently  noticed,  are  ample,  ^    In  the  Army  Horse  Infir- 
maries, the  superficial  area  is  to  be  137  square  feet,  and  the  cubic  space  1900 
(   feet  per  horse. 

I  In  the  stables  of  cattle  there  is  often  excessive  over-crowding,  and  it  is 
well  known  that  there  is  a  vast  amount  of  disease  among  them,  which,  how- 
ever, is  seldom  allowed  to  go  far,  as  they  are  sent  to  the  butcher.  Dr.  Ballard, 
who  paid  great  attention  to  the  cattle  plague  in  Islington,  recommended  that 
at  least  1000  cubic  feet  should  be  allowed  per  animal. 

2.  Source  of  the  Air  supplied. — In  order  that  the  object  of  the  ventilation 
shall  not  be  defeated,  it  is  necessary  that  the  air  entering  a  room  shall  be 
pure.  The  air  must  be  the  pure  external  air,  and  not  be  derived  from  places 
where  it  has  stagnated  and  taken  up  impurities ;  if  it  is  drawn  along  passages 
or  tubes,  and  through  louvres  or  basements,  these  should  be  capable  of 
inspection  and  cleansing.  All  air-shafts  should,  if  possible,  be  short  and 
easily  cleaned.  This  is  an  important  rule,  and  should  lead  to  the  rejec- 
tion of  all  plans  in  which  the  air-shafts  are  long  and  inaccessible.  Several 
instances  have  occurred  of  air  being  distributed  by  costly  appliances,  but 
drawn  from  an  impure  source,  or  allowed  to  be  contaminated  on  its 
passage.  Instead  of  perforated  bricks,  there  should  be  sliding  panels,  or 
hinged  flaps,  so  that  the  tube  may  be  easily  reached.  In  towns  it  may  be 
necessary  to  filter  the  air,  which  is  often  loaded  with  the  products  of 
combustion  and  other  impurities. 

3.  Warming  or  Cooling  of  the  Air. — The  air  may  require  to  be  warmed  to 
60°  or  65°  Fahr.,  or  cooled  according  to  the  season  or  locality.  The 
warming  in  cold  and  temperate  climates  is  a  matter  of  necessity,  as,  if  dis- 
comfort is  caused  by  cold  draughts,  ventilation  openings  are  certain  to  be 
closed. 

4.  Distribution.— Th.Q  distribution  in  the  rooms  should  be  perfect,  that  is, 
there  should  be  uniform  diffusion  of  the  fresh  air  through  the  rooms.  The 
best  way  of  ascertaining  this  is  to  compare  the  amount  of  air  utilised,  as 
calculated  from  the  observed  COg,  with  the  actual  movement  of  air,  as 
measured  with  the  air-meter.  If  the  distribution  is  good,  the  two  quantities 
ought  not  to  differ  materially.  Much  difficulty  is  found  in  properly  managing 
uniform  diffusion,  and  it  requires  careful  arrangement  of  the  various  open- 
ings. The  distributing  plans  should,  if  possible,  prevent  the  chance  of 
breathed  air  being  rebreathed,  especially  in  hospitals.  As  the  ascent  of  re- 
spired air  is  rapid,  on  account  not  only  of  its  temperature,  but  from  the  force 
with  which  it  is  propelled  upwards,  the  point  of  discharge  for  patients  in  bed 
should  be  above. 

By  some  it  has  been  argued  that  it  is  better  that  the  foul  air  should  pass 
ott  below  the  level  of  the  person,  so  that  the  products  of  respiration  may  be 
j .'immediately  drawn  down  below  the  mouth,  and  be  replaced  by  descending 
pure  air.  But  the  resistance  to  be  overcome  in  drawing  down  the  hot  air 
ot  respiration  is  so  great  that  there  is  a  considerable  waste  of  power,  and  the 
obstacle  to  the  discharge  is  sometimes  sufficient,  if  the  extracting  force  be  at 
all  lessened,  to  reverse  the  movement,  and  the  fresh  air  forces  its  way  in 
through  the  pipes  intended  for  discharge.  This  plan,  in  fact,  must  be 
considered  a  mistake.  The  true  principle  is  that  stated  long  ago  by  D'Arcet 
J-n  the  case  of  vapours  or  gases  the  proper  place  of  discharge  is  above  •  but 
^eavy  powders,  arising  in  certain  arts  ov  trades,  and  which  from  their  wei^^ht 
lapidly  fall,  are  best  drawn  out  from  below. 


1  See  Book  11. 
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Sub-Section  II.— Means  by  which  Air  is  set  in  Motion. 

These  are  :—lsf,  the  forces  continually  acting  in  nature,  which  produce 
what  has  been  termed  natural  ventilation.  2d,  The  forces  set  in  action  hv 
man,  which  produce  the  so-called  artificial  ventilation. 

The  division  is  convenient,  but  not  strictly  logical,  as  the  forces  which  act 
m  natural  do  so  also  in  artificial  ventilation  to  a  certain  extent. 

Natdral  Ventilation — General  Statements. 

Three  forces  act  in  natural  ventilation,  viz.,  diffusion,  winds,  and  the 
dilierence  in  weight  of  masses  of  air  of  unequal  temperature. 

1.  DIFFUSION. 

As  every  gas  diffuses  at  a  certain  rate,  viz.,  inversely  as  the  square 
root  of  its  density,  there  is  a  constant  escape  of  any  foreign  gas  into 
the  atmosphere  at  large.  From  every  room  that  is  not  air-tight  Pettenkofer 
and  Eoscoe  have  shown  that  diffusion  occurs  through  brick  and  stone,  and 
Pettenkofer  believes  that  one  of  the  evils  of  a  newly  built  and  damp  house  is 
that  diffusion  cannot  occur  through  its  walls.  But  the  ordinary  plastered  and 
papered  walls  reduce  diffusion  to  a  most  insignificant  amount.  Through 
chinks  and  openings  produced  by  imperfect  carpentry  the  air  diffuses  fast, 
and  Eoscoe  found  that  when  he  evolved  carbonic  acid  in  a  room  the  amount 
had  decreased  one-half  from  that  cause  in  90  minutes. 

The  amount  of  purification  produced  by  diffusion  under  ordinary  circum- 
stances is  shown  by  observation  to  be  insufficient ;  and,  in  addition,  organic 
substances,  which  are  not  gaseous,  but  molecular,  are  not  affected  by  it.  As 
a  general  ventilating  power,  it  is  therefore  inadequate. 


2.   THE  ACTION  OF  THE  WINDS. 

The  wind  acts  as  a  powerful  ventilating  agent,  and  in  various  ways.  If  it 
can  pass  freely  through  a  room,  with  open  doors  and  windows,  the  effect  it 
produces  is  immense.  Por  example,  air  moving  only  at  the  rate  of  2  miles 
an  hour  (which  is  almost  imperceptible),  and  allowed  to  pass  freely  through 
a  space  20  feet  wide,  wiU  change  the  air  of  the  space  528  times  in  one  hour. 
No  such  powerful  action  as  this  can  be  obtained  in  any  other  way. 

The  wind  will  pass  through  walls  of  wood  (single-cased),  and  even  of  porous 
bricks  or  stone ;  and  perhaps  this  will  account  for  the  fact  that  such  houses, 
though  cold,  are  healthy  habitations.  By  covering  a  brick  with  wax,  or 
inclosing  a  portion  of  a  brick  wall  in  an  air-tight  box,  Pettenkofer  has  shown 
that  the  force  of  the  breath  will  drive  air  through  the  brick  and  will  blow 
out  a  candle  on  the  other  side  if  the  current  of  air  be  collected  in  a  small 
channel.  The  force  required  to  drive  the  air  through  is,  however,  really  con- 
siderable, as  the  air  in  the  brick  must  be  brought  into  a  state  of  tension. 

Marcker^  has  given  the  following  as  the  amount  of  air  passing  in  one  hour 
through  a  square  metre  of  wall  space,  when  the  difference  of  temperature  is 
1°  C. : — Sandstone,  1*69;  limestone,  2'32;  brick,  2"83;  tufaceous  limestone, 
3*64;  and  loamy  brick,  5'12  cubic  metres  of  air.  The  little  porosity  of  sand- 
stone depends  on  the  amount  of  moisture  it  holds.  The  moisture,  in  fact, 
greatly  influences  the  transit.  Plaster,  however,  appears  to  arrest  wind,  if  it 
be  true,  as  stated,  that  in  the  interior  of  some  thick  Avails,  after  many  years, 


1  Untersuch.  uber  nat.  ct  kunstUche  Ventilation.    Gdttingen,  1871. 
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lime  has  been  found  still  caustic ;  and  Marcker  also  notices  the  obstructive 
effects  of  mortar. 

There  are  two  objections  to  winds  as  ventilating  agents  by  perflation. 

(1)  The  air  may  be  stagnant.  In  this  country,  and,  indeed,  in  most  countries, 
even  comparative  quiescence  of  the  air  for  more  than  a  few  hours  is  scarcely 
known.  Air  is  called  still "  when  it  is  really  moving  1  or  1 1  mile  an  hour. 
The  average  annual  movement  of  the  air  in  this  country  is  from  6  to  12  miles 
per  hour ;  but  it  varies,  of  course,  greatly  from  day  to  day,  and  in  different 
places.  The  mean  movement  at  i^etley  (average  of  13  years)  is  about  10-^ 
miles  per  hour ;  at  Aldershot  it  is  1 2|  miles  per  hour  (mean  of  5  years). 

(2)  A  much  more  serious  evil  is  the  uncertainty  of  the  movement,  and  the 
difficulty  of  regulation.  When  the  velocity  reaches  5  or  6  feet  per  second, 
unless  the  air  be  warm,  no  one  will  bear  it.  The  wind  is  therefore  excluded, 
or,  if  allowed  to  enter  directly  through  small  openings,  is  badly  distributed. 
Passing  in  with  a  great  velocity,  it  forces  its  way  like  a  foreign  body  through 
the  air  in  the  room,  causing  draughts,  and  escaping,  it  may  be,  by  some 
opening  without  proper  mixing.  A  current  entering  in  this  way  may  be 
measured  for  many  feet. 

But  the  wind  acts  in  another  way.  A  moving  body  of  air  sets  in  motion 
aU  air  in  its  vicinity.  It  drives  air  before  it,  and,  at  the  same  time,  causes 
,a  partial  vacuum  on  either  side  of  its  own  path,  towards  which  all  the  air  in 
the  vicinity  flows  at  angles  more  or  less  approaching  right  angles.  In  this 
way  a  small  current  moving  at  a  high  velocity  will  set  in  motion  a  large 
body  of  air. 

^  The  wind,  therefore,  blowing  over  the  tops  of  chimneys,  causes  a  current  at 
right  angles  to  itself  up  the  chimney,  and  the  unequal  draught  in  furnaces  is 
I  owing,  in  part,  to  the  variation  in  the  velocity  of  the  wind.  Advantage, 
therefore,  can  be  taken  of  this  aspirating  power  of  the  wind,  to  cause  a  move- 
ment of  air  up  a  tube.  The  wind,  however,  may  impede  ventilation  by 
obstructing  the  exit  of  air  from  any  particular  opening,  or  by  blowing  down 
a  chimney  or  tube.  This  is,  in  fact,  one  reason  of  the  failure  of  so  many 
systems  of  ventilation ;  they  may  work  well  in  a  still  atmosphere,  but  the 
immense  resistance  of  the  wind  has  not  been  taken  into  account.  At  3  miles 
an  hour,  the  pressure  of  the  wind  is  |  of  an  ounce  on  each  square  foot ;  it  is 
1  ounce  at  3|  miles ;  2  ounces  at  5  miles ;  4  ounces  at  7  miles  ;  at  10 
miles;  and  lib  at  14  miles.  At  Netley  the  average  pressure  is  a  little  over 
I  5)  per  square  foot. 

In  some  systems  of  ventilation  the  perflating  power  of  the  wind  has  been 
used  as  the  chief  motive  agent.  In  Egypt  the  wind  is  allowed  to  blow  in  at 
the  top  of  the  house  through  large  funnels.  This  plan  has  been  in  use  from 
bime  immemorial.  This  was  the  case  in  Mr.  Sylvester's  plan,  which  was  used 
at  Derby  and  Leicester  fifty  or  sixty  years  ago.  A  large  cowl,  turning  towards 
Dfie  wind,  was  placed  in  a  convenient  spot  near  the  building  to  be  ventilated 
—a  little  above  the  ground  if  in  the  country,  or  at  some  height  if  in  a  town. 
Ihewmd  blowing  down  the  cowl,  passed  through  an  under-ground  channel  to 
the  basement  of  the  house,  and  entered  a  chamber  in  which  was  a  so-called 
Jockle-stove  or  calorifere  of  metal  plates  or  water  or  steam  pipes,  by  which 
the  air  was  warmed.  It  then  ascended  through  tubes  into  the  rooms  above 
md  passed  out  by  a  tube  or  tubes  in  the  roof,  which  were  covered  bv  cowls 
turning  from  the  wind.  So  that  the  aspiratory  power  of  the  air  was  also 
^seci.  ihis  plan  is  extremely  economical,  but  the  movement  of  the  air  is 
onequal  and  it  is  difficult  to  regulate  it.    It  has  been  proposed  to  place  a  fan 

SenUcann'i  '  "^7'       t     P-'^''?^'  Pl^^  then  becomes 

Identical  in  principle,  and  almost  in  detail,  with  the  method  of  Van  Hecke 


160 


VENTILATION. 


Mr.  Ritcliie  i  lias  employed  a  similar  plan  in  the  ventilation  of  a  dwelling. 
House,  ihe  air  is  warmed  in  winter  to  about  70°  Fahr.:  every  room  has  a 
longitudinal  opening  over  each  door,  concealed  by  the  architrave,  and  regulated 
by  valves,  and  through  this  the  warm  air  from  the  staircase  enters  the  rooms 
anl  then  passes  up  the  chimney,  and  up  outlet  air-flues  placed  in  the  walls' 
commencing  at  the  coiling,  and  ending  at  the  wall-heads  under  the  roof.  ' 

Dr.  Arnott  ventilated  the  Field  Lane  Ragged  School  on  this  principle  with 
excellent  effect.  In  that  case,  as  in  all  others,  the  movement  was  also  in 
part  earned  on  by  the  third  cause  of  motion  in  air,  viz.,  the  effect  of  unequal 
density  of  masses  of  air. 

In  the  ventilation  of  ships,  the  wind  is  constantly  used ;  and 
by  wind-sails  and  tubes  with  cowls  turning  towards  the  wind, 
air  is  driven  between  the  decks  and  into  the  hold. 

In  using  the  wind  in  this  way,  the  difficulty  is  to  distribute 
the  air  so  that  it  shall  not  cause  draughts.  This  is  best  done 
by  bending  the  tubes  at  right  angles  two  or  three  times,  so  as 
to  lessen^  the  velocity,  by  enlarging  the  channel  towards  the 
opening  in  the  interior  of  the  vessel,  and  by  placing  valves 
to  partially  close  the  tubes,  if  necessary,  and  by  screens  of 
wire  gauze.  2 

In  all  cases  in  which  the  air  of  a  room,  as  in  a  basement  story, 
or  in  the  hold  of  a  ship,  perhaps,  is  likely  to  be  colder  than  the 
external  air,  and  when  artificial  means  of  ventilation  cannot  be 
employed,  the  wind  should  be  taken  advantage  of  as  motive 
agent. 

The  aspiratory  power  of  the  wind  can  be  secured  by  covering 
air-shafts  with  cowls  such  as  that  shown  in  fig.  12,  which  aid  up  currents 
and  prevent  down  draughts. 


Fig.  12. 

Diagram  of 
Fixed  Upcast 
Cowl. 


3..  MOVEMENTS  PRODUCED  BY  UNEQUAL  WEIGHTS  OF  AIR. 

The  wind  itself  is  caused  by  tliis  power ;  but  it  is  necessary,  in  discussing 
ventilation,  to  look  upon  this  as  if  it  were  an  independent  force.  If  the  air 
in  a  room  be  heated  by  fire,  or  the  presence  of  men  or  animals,  or  be  made 
moister,  it  endeavours  to  expand ;  and  if  there  be  any  means  for  it  to  escape, 
a  portion  of  it  will  do  so,  and  that  which  remains  will  be  lighter  than  an 
equal  bulk  of  the  colder  air  outside.  The  outer  air  will  then  rush  into  the 
room  by  every  orifice,  until  the  equality  of  weight  outside  and  inside  is  re- 
established. But  as  the  fresh  air  which  comes  in  is  in  its  turn  heated,  the 
movement  is  kept  up  in  a  constant  stream,  cold  air  entering  by  one  set  of 
orifices,  and  hot  air  escaping  by  another. 

We  have  now  to  inquire  how  the  rate  of  this  constant  stream  of  air  may  be 
calculated. 3     The  mode  most  generally  used  is  based  on  two  well-known 


1  Treatise  on  Ventilation,  by  EolDert  Ritchie,  C.E.,  1862,  p.  89. 

2  As  the  use  of  perforated  zinc  plates  and  of  wire-gauze  is  very  common  in  ventilation,  it  is 
necessary  to  bear  in  mind  that  these  screens  very  soon  get  clogged  witli  dirt.  In  all  cases  they 
should  be  so  arranged  as  to  be  easily  inspected  and  cleaned  ;  and  it  should  be  a  matter  of  routine 
duty  to  see  that  they  are  constantly  kept  clean.  It  should  also  be  understood  that  the  delay 
by  friction  through  the  fine  wire-gauze  is  exceedingly  great. 

3  Many  of  these  points  are  given  in  Hood's  Treatise  on  Warming  and  Ventilation,  and  in 
W o\-pevt  (Principien  der  Veyit.  und  Luft/ieizung),  and  are  also  discussed  in  Peclet  (Traite  de 
la  Chaleur,  3d  edit.),  and  by  General  Morin  {Etudes  sur  la  Ventilation,  Paris,  1863,  t.  ii.), 
to  which  reference  is  made  for  those  who  wish  to  enter  into  the  mathematical  part  of  the 
inquiry. 


1  fil 

THE  RULE  OF  MONTGOLFIER. 


:_..t,  that  the  velocity  in  feet  p.  s.on^^^ 
um-ly)  8  times  tlie  square  root  of  the  ^^^-^^^*l^\°''f^artition  witli  a  velocity 
X  secoud,  that  fluids  pass  ^^-^ttaTnT^f  a  l  n  AC^^  a  height  equal  to 
,.,u;i  to  that  which  a  body  would  attain     tai^J"|      ^       partition.^  The 
I  'diffevence  in  depth  of  the  ^^^^  ^  ^^^^^^^^^^^^^^^^^  weight  of  a  column 

pressure  of  air  upon  auy  surface  "^Y.^JXt  P^^^^^^'  °^ 

air  of  uniform  density  of  a  ^erta m  h  ght     ihus       p  ^^^^^  .^^^^  ^^.^ 

sphere  at  the  surface  of  the  ^j^J^h  is  nea^^y  15  »  ^^^^         i^  . 
would  he  the  weight  of  a  column  of  ^''f  Jl^^^^^^        that  which  a  heavy 
therefore,  rushes  into  a  vacuum  with  Yolodty  eqiW  ^^^^^  . 

body  wodd  acquire  in  falling  from  .a  J^eight  o  5  ^il^^'  ^^^^  chamber  in 
second.    But  if,  instead  of  rushing  ^^^^^'Z:^^^^^^^  that  due  to  a 

which  the  air  has  less  pressure  than  outside,  it.  veiocity 
hdght  which  represents  the  difference      P^^^  ^ 
ordiaary  cases  this  difference  ot  pressure  be  obta^^^^^^^ 

feet,  and  the  difference  of  temperature^  15^degrees,  we 
have  the  height  to  produce  velocity  of  inflowing  current  =  0-61  of 

1    -J.      Q   /."«T    «v -781  -6-248     This,  however,  is  the 

?ht^tsr:^i:rinirifi^crf^aJ^^^^^^ 

multiplied  by  the  area  of  the  opening,  in  feet,  or  decimals  of  a  foot  the 
lount  of  afr  is  expressed  in  cubic  feet  per  second,  and  multiplying  by  60 

will  give  the  amount  per  minute.  ,  .  ,  ^,  .  ■  ,  .-^  ^„  ^^^ip  for 
A  table  is  given  at  page  182,  in  which  this  calculation  has  been  made  tor 
all  probable  tLperature? and  heights;  but  it  must  be  remembered  that  the 
movement  is  greatly  influenced  by  the  wind.  fpi-nnera- 
This  cause  of  movement  is,  of  course,  constantly  acting  when  the  ter^era 
ture  of  the  air  changes.  It  will  alone  suffice  to  ventilate  all  rooms  m 
!^ch\h?air"[s  hotter  than  the  external  air,  but  will  "--^^^^^^^^^ 
the  air  to  be  changed  is  equal  in  temperature  to,  or  colder  than,  the  external 

As  its  action  is  equable,  imperceptible,  and  continuous  it  is  the  most  useful 
agency  in  natural  ventilation  in  cold  climates,  in  inhabited  and  warm  rooms 
and  in  all  habitations  arrangements  should  be  made  to  allow  it  to  act.  As 
the  action  increases  with  the  difference  of  temperature  it  is  most  powerful  m 
winter,  when  rooms  are  artificially  warmed,  and  is  least  so  or  is  quite  arrested 
in  summer,  or  in  hot  climates,  when  the  internal  and  external  temperatures 


are  identical. 


1  This  is  frequently  called  the  rule  of  Montgolfier.  The  formtila  is  V  2  fir  H  ;  heing 
the  acceleration  of  velocity  in  each  second  of  time,  viz.,  32-18  feet,  and  H  the  height  ot  the 

^^2^It  will  be  found  always  easier  to  take  the  area  in  decimals  of  a  foot  instead  of  inches  ;  hut 
if  it  be  taken  in  inches,  multiply  the  linear  discharge  by  the  number  of  square  mches,  and 
divide  by  144. 
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4.  LOSSES  PRODUCED  BY  FRICTION  FROM  VARIOUS  CAUSES. 

anfit  7atf-^^"  question  has  hardly  received  the  attention  it  deserves 
^s:^orS^t:]^^2X-^  disappointment.    The  ch.f 

dirLtv'fthfwh''  '^^^•{^-Here  with  equal  sectional  areas  the  loss  is 

tZtof  40  Wt  1  ^    '  '"i?"?^  ^'"^^  "  '^'-'^^  °f  30  feet  as  a  standard,  a 

shaft  of  40  feet  long  would  have  an  increased  friction  of  one-third. 

diamefr'Tl^fcfT''^;"^"''^-^^^''  ^"^tion  is  inversely  as  the 

fnVHn.     J        11  ^^«P^«tively  1  and  2  feet  in  diameter,  the 

frict  on  at  the  smaller  opening  wdl  be  twice  that  of  the  larger.  In  this  wav 
dividing  up  an  opening  into  a  number  of  smaller  openings"  the  ac^gre^^ate  of 
which  is  equa  to  the  original  opening,  produces  aloss^by  friction  In  the 

openings  of  i  of  a  square  foot  loses  in  the  ratio  of  1  :  ^,  being  respectively 
he  diameters  of  the  openings.    When  the  shapes  of  the  openings  are  not 
similar  the  ratio  may  be  stated  as  that  of  the  square  roots  of  the  area!' 
Thus  1  square  foot  divided  into  nine  openings,  each  equal  to  i  of  a  square 
foot,  will  lose  in  the  ratio  of  1  :  |,  the  square  roots  of  the  respective  arels.' 

6  Shape  of  Opemng.~A  circular  opening  may  be  taken  as  the  standard, 
that  being  the  figure  which  includes  the  greatest  area  within  the  smallest 
periphery.  The  loss  sustained  from  any  other  shape  being  used  wdl  be 
proportionate  to  its  difference  from  a  circle  enclosing  a  simQar  area.  Thus 
?v  openings,  each  of  1  square  foot  area,  the  one  being  a  circle 
and  the  o  her  a  square  the  length  of  periphery  of  the  latter  will  be  4  square 
feet,  of  the  former  31;  therefore  the  velocity  of  the  current  thi-ough  the 
square  opening  will  be  J  or  |-  of  that  through  the  circular  opening.  2 

4.  Angles  iu  the  Tube  or  Shaft~Thia  is  a  most  serious  cause  of  loss. 
Ihe  exact  formula  has  not  been  distinctly  determined,  but  it  may  be 
accepted,  as  in  accordance  with  experiment,  that  every  right  angle  diminishes 
the  current  by  one  half,  so  that  two  right  angles  in  a  tube  would  reduce  it 
to  p  and  so  on.-^  Yet  it  is  no  uncommon  thing  to  find  tubes  and  shafts  bent 
recklessly  at  numerous  angles  to  fit  a  cornice  or  architrave,  to  save  expense 
and  appearance. 

5.  The  presence  of  dust,  soot,  or  dirt  of  any  kind  seriously  interferes  with 
the  current,  but  this  may  of  course  be  obviated  with  a  moderate  amount  of 
care  and  attention. 

It  is  obvious  that  attention  to  the  above  points  is  necessary  to  obtain 
success  m  any  scheme  of  ventilation.  To  take  an  example  ;  let  us  suppose 
a  straight  shaft  30  feet  long,  sectional  area  circular,  of  1  square  foot,— the 
current  through  this  giving  a  sufficient  amount  of  air  for  the  purpose 
required.  Let  it  be  necessary  to  produce  a  similar  amount  of  ventilation  in 
another  place,  but  to  use  smaller  shafts,  square  in  seetion,  area  of  each  of  a 
square  foot, — each  shaft  being  40  feet  long,  and  having  one  right  angle  in  its 
course;  what  would  be  the  relative  amounts  of  air  available,  othei-  things 
being  equal  ?   Taking  the  circular  shaft,  we  have  length  of  shaft  30,  length  of 

1  See  General  Morin's  Observations.  ' 
-.  ol^^J  ^  friction  clue  to  form  of  sectional  area,  see  "  Hygiene,"  in  Sanitary  Record, 

1875,  by  Dr.  F.  de  Chaumont. 

3  The  formula  expresses  the  condition  aj^proximately  between  0°  and  90° ;  but 

1+COS0. 

 2  general  application,  including  any  angle  between  0°  and  180°.    In  either 

case  90°  shows  a  loss  of  one-half. 
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,  ool    £  •  ^;^r.     Tn  fhp  four  smaller  shafts  we  have  length 
_,eriphery3i,toWpi-  "-,  muUiplied  by  4  -  8,  total  48:  the 

shafts  or  the  size  of  each  of  them  openings  of  shafts, 

It  is  advisable  generaUy  to  ^^^^^^^^^^^f^^^^^^^  tends  to  be  contracted 

especially  if  they  are  of  small            ^^^^^^^^^  the  same  thing 

^:'^'^rrts^t^  ^  angles  as  much  as 

Je:ir::^lX,  for  not  omyls  t^-e  less  loss  by  ^^^^^^^^^ 
but  there  is  less  chance  of  lodgment  of  dust,  &c.,  and  they  can  be  more 
easily  and  thoroughly  cleaned. 

5.  PRACTICAL  APPLICATION  OF  THE  GENERAL  STATEMENTS  OF  NATURAL 

VENTILATION.  2 

1  No  particular  arrangements  are  necessary  to  allow  diffusion  to  act,  except 
that  there  shall  be  communication  between  two  atmospheres^ 

2.  To  obtain  the  perflation  of  the  wmd,  windows  should  be  Pl^f^^' /^^^ 
cases  where  it  can  be  managed,  at  opposite  sides  of  a  ^.7^' Jj^^^  J^^^^^^ 
should  open  at  the  top,  and  in  case  the  wmd  has  a  high  velocity,  means 
should  be  taken  to  distribute  it.  This  can  be  done  by  sloping  the  window 
inwards  when  it  opens,  or  a  board  may  be  placed  obliquely  vipwaids  rom  the 
top  sash  of  the  window,  when  it  opens  m  the  usual  way ;  then  the  air  striK- 
incr  against  the  board  is  thrown  up  towards  the  ceiling.  Or  wire-gauze  may 
cover  the  space  left  when  the  window  is  open.  The  velocity  of  the  wmd  is 
checked  by  the  gauze,  and  the  current  is  minutely  divided.  Ihe  gauze, 
however,  must  be  kept  clean. 

Various  plans  have  been  proposed  by  different  persons.  The  panes  ot  glass 
may  be  made  double,  spaces  being  left  at  the  bottom  of  the  outside  pane  and 
at  the  top  of  the  inner  one,  so  that  the  wind  is  obliged  to  pass  up  between  the 
two  panes  before  it  enters  the  room.  Or,  the  lower  sash  being  raised,  and  a 
piece  of  wood  placed  below  it,  the  air  is  allowed  to  pass  through  the  space 
left  between  the  upper  and  lower  sashes  (Hinckes  Bird.)  Or,  glass  louvres, 
which  can  be  more  or  less  closed,  are  placed  in  one  of  the  panes  ot  the 
window  ;  or  a  number  of  holes  are  obliquely  bored  through  the  panes, 
through  which  the  air  may  pass  up  towards  the  ceiling  before  it  intermixes 
with  the  air  of  the  room.  In  Lockhead's  ventilator  there  is  a  frame  over 
the  glass  louvre,  with  a  regulator  in  the  centre.  In  Cooper's  ventilator  a 
movable  plate  of  glass  can  be  brought  by  a  movable  handle  over  the  opening. 

Stallard  has  proposed  to  ventilate  workshops  and  factories  by  having  a 
double  ceiUng ;  the  lower  ceiling  is  to  be  made  of  zinc  or  oiled  paper,  per- 
forated with  very  numerous  small  holes  ;  and  the  space  between  the  two 
ceilings  is  to  be 'freely  open  to  the  air  on  all  sides;  thus  there  would  be 
almost  open-air  breathing,  as  the  communication  with  the  external  air  would 
be  constant  and  at  all  parts  of  the  room. 

1  On  this  question  see  Wolperfc,  Theorie  u.  Praxis  der  Ventilation  u.  Heizung  (1879), 
p.  210  8e<7. 

2  A  very  good  account  of  the  various  plans  in  natural  ventilation  will  Toe  found  m  Mr. 
Edward's  work,  On  the  Vmtilatinn  of  Dwdling-Houses,  1868,  in  which  figures  of  the  plans  are 
given;  see  also  Eassie,  "  Dictionary  of  Sanitary  Appliances,"  Sanitary  Record,  1880-82. 
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Besides  windows,  special  openings  may  be  provided  for  the  wind  to 
dT Arnott°  ^^'^  ^'^'^"^  "'^'^'"^^  referred  to  of  Mr.  Sylvester  and 

In  all  warm  climates,  where  no  chill  can  be  produced  by  wind,  it  is  a  good 
plan  to  make  the  walls  entirely  pervious.  Nothing  can  be  better  than  the 
ventilation  of  the  bamboo  matted  houses  in  Burmah.  The  wind  blows 
through  them,  but  it  is  so  broken  up  into  currents  that  it  is  not  in  the  least 
unpleasant.  Even  in  colder  parts  of  India,  the  upper  parts  of  the  wall? 
might  be  made  thus  pervious,  provision  being  made  to  cover  them  if 
necessary,  in  the  cold  season.  ' 

Cowls  have  been  a  good  deal  recommended  as  aids  to  ventilation,  but  th^ 
labours  of  the  Committee  of  the  Sanitary  Institute  of  Great  Britain, 
.though  not  yet  completed,  have  shown  that  the  majority  of  them  have  no 
superiority  over  the  open  tube.    The  only  form  which  seemed 


XTx  ^^^^^J  good  was  the  common  lobster-hacked  cowl.  For  general  use, 
however,  this  would  require  to  revolve,  and  this  is  objectionable^ 
J  as  all  revolving  arrangements  are  liable  to  get  out  of  order.  A . 
fixed  cowl,  consisting  merely  of  a  cone  as  a  cap  and  a  similar 
flange  round  the  rim  of  the  pipe,  ensures  a  fairly  constant  up 
draught  (fig,  12).  A  reversed  arrangement  (fig.  13)  ensures  a, 
constant  down  draught. 

Another  plan  for  utilising  the  action  of  the  wind  is  by  the  use 
of  "  Ellison's  conical  bricks,"  which  are  pierced  with  conical  holes, , 
about  of  an  inch  diameter  externally  and  li  in.  internally, 
depth  41  in.  The  wind  blowing  on  them  is  so  distributed  as  to 
Fig.  13.  he  imperceptible  as  a  draught  in  the  room. 
Diagram  of  a  3.  The  movement  produced  by  the  difference  of  weight  of  m\- 
fast  tube?"  equally  heated  bodies  of  air  will,  of  course,  go  on  through  open . 
pitmS'  clows  and  doors  and  through  all  the  contrivances  just  mentioned, 
and  inverted  But  as  in  cold  climates  windows  and  doors  must  sometimes  be  shut, . 
conical  cap.  ^^^^  q£  -^^^^  should  be  without  additional  openings, 
which  may  permit  this  movement  from  unequal  temperature  to  go  on.  The 
great  difficulty  here  is  to  exclude  the  action  of  the  wind :  and,  in  fact,  it  is 
impossible  to  do  so  ;  but,  as  far  as  possible,  the  openings  should  be  jjrotected 
from  the  perflating  influence  of  the  wind,  so  that  only  its  aspirating  force 
should  be  acting.  They  should  be  capable  of  being  lessened  in  size,  when 
the  difference  of  the  external  and  internal  temperatures  is  great.  As  long 
as  there  are  openings,  movement  will  go  on ;  and  it  does  not  really  matter, 
as  long  as  there  is  proper  distribution,  where  the  air  comes  in  or  goes  out, 
or  whether  its  direction  is  constant.  In  fact,  it  scarcely  ever  is  constant,  so 
liable  is  the  direction  to  be  altered  by  winds,  by  the  action  of  the  sun  heat- 
ing one  side  of  a  room,  by  the  unequal  distribution  of  heat  in  the  room,  &c. 
Still  it  seems  desirable,  as  far  as  it  can  be  done,  to  make  such  arrangements 
as  shall  give  the  movement  of  air  a  certain  direction ;  and  therefore,  in  most 
systems,  some  of  the  openings  are  intended  for  the  admission  of  fresh  air, 
and  are  called  inlet,  entrance,  or  adduction  openings ;  others  are  intended 
for  the  discharge  of  impure  air — and  are  termed  outlet,  exit,  or  abduction 
openings. 

Toted  size  of  all  the  special  openings,  whether  intended  for  Inlets  or  Outlets. — 
As  the  movement  of  air  increases  with  temj)eratiire,  the  size  of  the  apertures 
can  only  be  fixed  for  a  certain  given  temperature ;  and  as  the  efllux  of  hot 
air  increases  with  the  height  of  the  column  (supposing  the  temperature  is 
equal  throughout),  a  different  size  has  also  to  be  fixed  for  different  heights. 

This  causes  a  difficulty  in  fixing  the  proper  size  for  ventilating  openings 


it 
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„  the  case  of  natural  ™n«'»«-;-/i\\rs™^^^^^^^ 
theoretical  ^ST^TeZueZ'  S  182:  which  calculated 

f  ^■^rorfeltUureS  ef tS^^^^^^^^^^  "f^  ^  T  f' 

STarharge.  stated  hy  the  table  (— 

3000  cuhic  feet  per  hour  are  wanted  for  one  person  the  orifice  of  1  square 
or  U4  square  inches,  is  too  large,  and  must  be  lessened  m  the  propor- 
tion of  3000  to  19,320  5^5^  =  22  square  inches  (round  numbers), 

ie  reduced  to  22  square  inches.    There  must  be  a  correspondmg  space  for 
entry,  making  the  total  ventilating  opening  44  square  inches. 

To  take  another  example;  let  us  say  the  heated  column 
difference  of  temperature  10°  F.,  and  the  required  supply  for       P/^^^  ^000 
cubic  feet.    The  table  gives  the  linear  rate  as  197  eet  per  minute  or  1 1^820 
per  hour;  an  orifice  of  144  square  inches  ^J^'^^q  ^ 

orifice  of  24  square  inches  would  give  2000  ;  (-jyyglo"  ^  '^J  '  "^^^ 
if  in  the  above  conditions  3000  cubic  feet  hourly  supply  were  wanted,  the 
opening  must  be  36  square  inches.  These  examples  show  how  impossible 
it  is  to  fix  any  size  which  shall  meet  aU  conditions,  even  if  the  influence  of 
wind  could  be  completely  excluded,  which  is  impossible.  The  only  way  is 
to  adopt  a  size  which  will  meet  most  cases,  and  supply  means  of  altering  tne 
size  according  to  circumstances.  In  this  country,  a  size  of  24  square  inches 
per  head  for  inlet,  and  the  same  for  outlet,  seems  calculated  to  meet  common 
conditions;  but  arrangements  should  be  made  for  enabling  this  to  be  lessened 
or  closed  in  very  cold  weather,  or  if  the  influence  of  strong  winds  is  too 
much  felt.i  Moreover,  the  size  must  be  in  part  dependent  on  the  size  of  the 
room,  because  in  a  small  room  with  many  people  it  is  impossible  to  have  the 
size  so  gTOat  as  it  would  be  if  each  person's  area  of  ventilation  opening  were 
48  square  inches,  unless  some  portion  of  the  air  were  warmed. 

1  The  following  formula  proposed  by  Dr.  de  Chaumont  can  be  used  instead  of  the  table  at 
page  182.  It  is  based  on  Montgolfier's  formula,  with  the  discharge  calculated  for  the  Hour 
and  for  square  inches,  instead  of  for  the  minute  and  the  linear  discharge,  as  in  the  table. 

Let  h  be  the  height  of  the  heated  column  of  air ;  t  its  temperature  ;  i'  the  temperature  ot 
the  external  air ;  -002  the  ratio  of  expansion  of  air  for  each  degi-ee  of  Fahr.  ;  100  a  constant 
and /  the  coefficient  of  friction.   Let  D  be  the  delivery  required  per  liour,  and  $  the  total  iniet 
and  outlet  area  in  square  inches.    Then  to  find  <^ ; 

 D  

100  /  {\/h(t-t')x-(m) 

Example  :  Suppose,  as  in  the  text,  that  the  heated  column  be  20  feet,  its  mean  temperature 
65°,  and  that  of  the  outer  air  45°,  and  the  required  delivery  be  3000  cubic  feet  per  hour  ;  let/ 
also  equal  |  or  "75. 

  3000  ^^4.4 

100  X  -75  (\/20(65°  -  45°)  x  -002) 

square  inches  for  inlet  or  outlet,  or  22-2  for  inlet  alone. 

A  converse  formula  by  Dr.  de  Chaumont  may  be  also  usel'ul.   If  the  area  of  the  inlet  opening 
C*')  is  known,  to  find  the  delivery  per  hour  under  conditions  h,  t,  and  i'. 

200  /  Wh(t-t')x  •002)^' = D. 

The  constant  200  is  obtained  by  multiplying  3600  (seconds  per  hour)  by  twice  the  square  root 
of  16-09  (=8  nearly),  and  dividing  by  144  square  inches.  By  halving  this  constant  we  get  the 
number  for  both  iillet  and  outlet  together. 
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Rdative  size  of  the  Inlets  and  Outlets.— It  is  commonly  stated  that,  asi  the 
heated  air  expands,  the  outlets  should  be  larger  than  the  inlets,  and  the  great 
disproportions  of  5  to  4  and  10  to  9  have  been  given.  As,  however,  tlie 
average  difference  of  temperature  is  only  about  10'  to  15°  Fahr.  in  this 
country,  the  disproportion  is  much  too  great,  as  a  cubic  foot  of  air  only 
expands  to  1-020361  cubic  feet  with  an  increase  of  10°.  Even  if  the 
dilierence  is  30"  Fahr.,  a  cubic  foot  of  air  only  becomes  1-061  cubic  feet, 
which  is  equal  to  an  increase  of  about  -^^th.  The  difference  is  so  slight  that 
it  may  be  neglected,  and  the  inlets  and  outlets  can  be  made  of  the  same 
size. 

It  is  desirable  to  make  each  individual  inlet  opening  not  larger  than  48  to 
60  square  inches  in  area,  or  enough  for  two  or  three  persons ;  and  to  make 
the  outlet  not  more  than  1  square  foot,  or  enough  for  six  persons.  Dis- 
tribution is  more  certain  with  these  small  openings. 

Position  and  Description  of  the  Inlet  and  Oidlet  Tidies. — 1.  Inlets. — The 
air  must  be  taken  from  a  pure  source,  and  there  must  be  no  chance  of  any 
effluvia  passing  in.  As  a  rule,  the  inlet  tubes  should  be  short,  and  so  made 
as  to  be  easily  cleaned,  otherwise  dirt  lodges,  and  the  air  becomes  impure. 
Inlets  should  not  be  large  and  single,  but  rather  numerous  and  small  (from  48 
to  60  inches  superficial),  so  that  the  air  may  be  properly  distributed.  They 
should  be  conical  or  trumpet-shaped  where  they  enter  the  room,  as  the  enter- 
ing air,  after  perhaps  a  slight  contraction,  spreads  out  fan-like,  and  a  slight 
back  current  from  the  room  down  the  sides  of  the  funnel  facilitates  the  mix- 
ing of  the  entering  air  with  that  of  the  room.  To  lessen  the  risk  of  imme- 
diate down-draught  they  should  turn  upwards,  if  they  are  placed  above  the 
heads  of  the  persons.  Externally  the  inlets  should  be  partly  protected  from 
the  wind  ;  otherwise  the  wind  blows  through  them  too  rapidly,  and,  if  the 
current  be  strong,  draughts  are  felt ;  an  overhanging  shelf  or  hood  outside 
will  answer  pretty  well.  Valves  must  be  provided  to  partially  close  the 
openings  if  the  wind  blows  in  too  strongly,  or  if  the  change  of  air  is  too 
rapid  in  cold  weather.  If  covered  with  wire-gauze,  it  must  be  frequently 
cleaned. 

Sometimes  an  inlet  tube  must  be  carried  some  distance  to  an  inner  room, 
or  to  the  opposite  side  of  a  large  room  which  is  unprovided  with  cross-ventila- 
tion. In  this  case  the  heat  of  the  room  so  warms  the  tube  that  the  wind 
may  be  permitted  to  blow  through  it. 

The  position  of  the  inlets  is  a  matter  of  some  difficulty.  If  there  are 
several,  they  should  be,  of  course,  equally  distributed  through  the  room,  so 
as  to  insure  proper  mixing  of  the  air.  They  should  not,  however,  be  placed 
too  near  an  outlet,  or  the  fresh  air  may  at  once  escape ;  theoretically,  their 
proper  place  of  entrance  is  at  the  bottom  of  the  room,  but  if  so,  the  air  must 
in  this  chmate  be  warmed  ;  no  person  can  bear  the  cold  air  flowing  to  and 
chilling  the  feet.    The  air  can  be  warmed  easily  in  various  ways,  viz.  : — 

{a)  The  air  may  pass  through  boxes  containing  coils  of  hot-water  pipes,  or 
(in  factories)  of  steam  pipes.  This  is  the  best  mode  of  warming.  The  coils 
may  be  close  to  the  outside  wall,  or  in  the  centre,  or  in  hospitals  in  boxes 
under  the  beds  communicating  with  the  exterior  air,  and  opening  into  the 
ward. 

{h)  The  air  may  pass  into  air-chambers  behind  or  round  grates  and  stoves, 
and  be  there  warmed,  as  in  the  present  barrack  and  hospital  grate,  contrived 
by  Captain  Galton  ;  or  as  in  the  Meissner  or  Bohm  stoves  of  Germany  or 
as  in  the  terra  cotta  stove,  in  the  Herbert  Hospital  at  Woolwich.  

1  The  Gernifins  apjiear  to  be  now  jiia.king  gi'eat  use  of  these  ventilating  stoves  in  hospitals, 
and  even  in  private  houses.    For  a  good  account,  see  Roth  and  Lex,  I.  c.  p.  248  et  scq. 
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(A  The  air  may  be  warned  in  a  tube  passing  throngU  a  stove,  as  in  George's 
caSigen,  or  by  L  method  of  Boni;^  -them^^^^^^^  ^^^^ 

If  ?he  air  cannot  be  warmed,  it  must  ^1,,  ^      ^nd  be 

,.oom;  it  must  be  let  in  aboTe  abou   9  or  1°  f  ^^^^  j^H  U  mix 

directed  towards  the  T/'"/' ^a^^^^^ 

^''^^XTSS'^:^^^  a  barrack-room.    The  otber 

sprTad  over  the  opening,  which  then  should  he  made  larger.    Ihis  covenng 

Jf"e  oSde  at  the  floor  level  and  then  up  a  vertiea  tube,  abont  4  fee 
i^lne^At  this  Kives  a  vertical  direction  to  the  current,  which  is  retained  tor 
SvSeitX  befere  it  begins  to  sp-^d  and  descend^  ^7*^1^  ime 
o  fnhP      of  course  much  affected  by  the  direction  of  the  wind,  ana  m  some 
irs^t'iriev:?sed  altogether.    The  rnethod  is  however  useM 
cases  particularly  for  introducing  air  into  places  which  could  only  be  reacnea 
vfth  dTfficX  by  other  means     It  has  been  tried  on  a  large  scale  at  St 
Ma^f  Ho sp  tal  Paddington,  with  fair  success.^    In  some  forms  (as  made  by 
S^nlTy^  Engineering  Company),  there  is  -  an.ngement^^^^^^^^^ 
air  and  arresting  impurities.    An  ingenious  contrivance  for  warming  the  air  for 
?he  upric^ht  tube  by  means  of  a  gas  jet  has  been  suggested  by  Mr.  Lawson  Tait , 
t  alSovides  an^outlet  for  foul  air.    A  modification  for  bedrooms  and  other 
rooms  m  private  houses  is  also  recommended  by  Mr.  Tobm,  viz    to  cut  out 
slTbetwfen  the  sashes  of  the  windows,  so  that  the  air  enters  vertically,  even 
wh  n  thi  window  is  shut.    This  is  similar  in  principle  to  other  modifications 
of  window  ventilation  already  referred  to  but  it  is  only  ^^^^f^^^ 
paratively  small  rooms,  and  is  quite  inapplicable  to  a  hospital  waid  or  the 

^'''2  Outlets.~The  place  for  the  outlets  is  a  most  important  consideration,  as 
it  will  determine  in  great  measure  the  position  of  the  inlets  If  there  are  no 
means  of  heating  the  air  passing  through  them,  they  should  be  at  the  to^  ot 
the  room  :  if  there  are  means  of  heating  them,  they  may  be  at  any  point 
If  not  artificially  warmed,  the  highest  outlet  tube  is  usually  the  point  ot 
greatest  discharge,  and  sometimes  the  only  one.  i    ,  +-u„ 

(a)  Outlet  Tithes  witlwut  Artificial  iJm^.-They  should  be  placed  at  the 
highest  point  of  the  room ;  should  be  inclosed  as  far  as  possible  withm  walls 
.0  as  to  prevent  the  air  being  cooled  ;  should  be  straight  and  with  perfectly 
smooth  internal  surfaces,  so  that  friction  may  be  reduced  to  a  minimum,  in 
shape  they  may  be  round  or  square,  and  they  may  be  covered  above  with 
some  apparatus  which  may  aid  the  aspirating  power  of  the  wind,  and  prevent 
the  passage  of  rain  into  the  shaft. 

The  causes  of  down-draught  and  down-gusts  in  outlet  tubes  are  these;  the 
wind  forces  down  the  air,  rain  gets  in,  and,  by  evaporation,  so  cools  the  air 
that  it  becomes  heavier  than  the  air  in  the  room  ;  or  the  air  becomes  too 
much  cooled  by  passage  through  an  exposed  tube,  so  that  it  cannot  overcome 
the  weight  of  the  superincumbent  atmosphere  ;  or  another  outlet  shaft,  with 
greater  discharge,  reverses  the  current. 

AiTangements  should  be  made  to  distribute  the  down-draught,  if  it  occurs  ; 


1  See  Dr.  de  Chaumont's  Report,  op.  cit. 


1G8 


VENTILATION 


wind  "ncquai;,  and  have  the  same  exposure  to  sun  and 

throw  any  down-draught  towards  the  walls 

(9?fif/efe  ?^;zY7i  Artificial  Warmth  THp  rUcr-Lorrr^  ^-f     n  ^  • 

morecerf-ain  ar^^l  Pnnofo^f    +-U  -^^e  discharge  of  outlets  is  much 

more  certain  and  constant  if  the  air  can  be  warmed.    The  chimnev  with  ot^pti 
fire  is  an  excellent  outlet-so  good  that  in  dwelling  h 0^  71  the  e^^^^^^ 
proper  inlets,  no  other  outlet  need  be  made,  except  ^^^^  gas  ti  nse  l 
When  rooms  are  large,  and  more  crowded,  other  outlets  are  nfcessary  the 
beat  of  he  fire  may  be  further  utilised  by  shafts  round  the  chi^  ^1 W 

Gas,  if  used  should  in  all  cases  be  made  to  warm  an  outlet  tube  both 
to  carry  olf  the  products  of  combustion,  and  to  utilise  its  heat  The 
best  arrangement  appears  to  be  to  place  over  the  gas-iet  a  pipe  to  carrv 
off  the  products  of  combustion,  and  to  case  the  pipe  itself  S  a  tube"^ 
the  opening  of  which  is  at  the  ceiling;  the  tube  carrying  off  the  is  pro' 
ducts  IS  hot  enotigh  to  cause  a  ver/ considerable  dLghrin  its^c  Jng 
and  thus  two  outlet  currents  are  in  action,  one  over  the  gas,  anrone 
/nslrbvtr'^T^T'  ^  -°^ifi-tion  of  the  la'mp'  proposed 

^;nt  ff  ^f^'  ^.""'T'''  "^'"^^  i«     ^se,  as  arranged  by  Mr. 

Eicketts.    A  good  form  is  also  made  by  Messrs.  Su^a  "  ^ 

vanLroT'  ""^^^"^  ^^^^         ^^^^  ^""^  ^'^^^^  "^^y 

There  wiU  seldom  be  any  difficulty  in  arranging  the  inlets  and  outlets,  and 
m  obtaining  a  satisfactory  result,  if  these  principles  are  borne  in  mind,  viz 
to  have  the  fresh  air  pure,  to  distribute  it  properly,  and  to  adopt  every  ilieans 
of  securing  the  outlets  from  cold  or  of  artificially  warming  them,  and  of  distri- 
butmg  the  air,  which,  m  spite  of  all  precautions,  wiU  occasionally  pass  down 

In  hot  climates,  when  outlet  shafts  are  run  up  above  the  general  level  of 
the  building,  it  would  be  of  advantage  to  make  them  of  brick  work  and  to 
colour  them  black,  so  that  they  may  absorb  and  retain  heat.  ' 

6.   PLANS  OF  TUBES  AND  SHAFTS  WHICH  HAVE  BEEN  PROPOSED. 

In  most  of  the  plans  which  have  been  proposed,  the  inventors  have  not 
distinctly  seen  that  the  influence  of  the  winds  and  of  the  movement  of  air 
produced  by  unequal  temperatures  must  be  carefully  distinguished,  and  as 
far  as  can  be  done,  provided  for.  '  ' 

1.  Openings  at  once  to  the  Outer  Air  for  Inlets,  the  Chimney  heing  relied  on 
for  the  Outlets  or  Special  Tubes  fixed  mz.— Perforated  or  air  bricks  are  let  into 
the  walls. ^  A  usual  size  is  9  x  3  inches,  and  the  united  area  of  all  the  several 
openings  m  one  brick  is  about  ll^  square  inches.  Another  common  size  is 
10  X  6  inches,  with  an  open  area  of  about  24  square  inches.  The  wind  blows 
freely  through  them,  and  draughts  are  produced. 
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Fig.  14. 


.  -1  -  ^  rr.  ;c  o  rrrpii  imiDrovement  on  this  :  the  air  passes 
^;:^:S.lt^o:^^  is  then  directed  upwards  hy  a 
valve  opening  which  can  be  closed,  if  necessary, 
by"  Enced  weight  (fig.  U).  The  s.ze  of  the 
internal  opening  is,  in  the  usual  sized  valve,  9 
inches  by  3,  and  the  area  is  27  inches.  These 
valves  Je  usually  placed  towards  the  upper  part 
of  the  room.  The  wind  blows  through  them,  and 
the  movement  is  therefore  variable,  ihey  are 
often  outlets  ;  it  will,  in  fact,  depend  upon  circum- 

citances  whether  they  are  inlets  or  outlets.     Very  ^„  fi,^ 

iXTaugU  is,  however,  caused  by  them,  unless  with  a  high  wmd  ;  on  the 
whole  thev  are  the  best  inlets  of  this  kind.  .     .  a   ^r,«  o-nri 

An  open  iron  frame  of  the  size  of  a  brick  covered  with  perforated  zinc,  and 
wifh  a  vTveto  close  it,  if  necessary,  is  a  still  simpler  plan  and  th^^^ 
well  distributed.    The  gauze  should  be  cleaned  frequently  f 
London  uses  a  round  plate  working  on  a  screw,  which  can  be  brought  nearer 
or TrtL  from  a  corresponding  opening  in  the  wall ;  the  air  entering  strikes 
on  the  plate,  and  then  spreads  circularly  over 
the  wall,  and  is  then  drawn  gently  into  the 
room.    Some  ingenious  forms  of  inlet  and  outlet 
have  also  been  introduced   by  Mr.  Eichard 
Weaver,  C.E.,  and  by  Messrs.  Ellison  of  Leeds. 

2.  Tubes  of  Different  Kinds.— A  single  tube 
has  been  sometimes  used  for  inlet  and  outlet,^  a 
double  current  being  established.  This  is, 
however,  a  rude  plan,  as  there  are  no  means  of 
distributing  the  air,  and  as  the  intermingling  of 
the  current  and  the  friction  of  the  meeting  air  is 
sometimes  so  great  as  to  impede,  or  even  for  a 
time  stop,  the  movement. ^  To  avoid  these 
inconveniences,  Watson  proposed  to  place  a 
partition  in  the  tube  (fig.  15),  and  Muir  sug- 
gested the  use  of  a  double  partition  running  ^  -j  j 
from  corner  to  corner,  so  as  to  make  four  tubes.  He  covered  his  divided 
tube  with  a  louvre  so  as  to  make  use  in  some  degree  of  the  aspiratory  power 
of  the  wind  on  one  side. 

In  these  tubes,  accidental  circumstances,  such  as  the  sun's  rays  on  one  side, 
the  wind,  the  fire  in  the  room,  &c.,  will  determine  which  is  outlet  and  which 
is  inlet.  They  are  so  far  better  than  the  single  tube,  that  the  partition 
divides  the  currents  and  prevents  friction,  but  there  is  the  same  irregular 
action  and  changing  of  currents  from  accidental  circumstances,  so  that  the 
direction  of  the  currents  and  their  rate  are  variable.  The  distribution  of  the 
entering  air  is  also  not  good. 

Much  better  than  these  plans  is  M'Kinnell's  circular  tube._  It  consists  of 
two  cylinders,  one  encircling  the  other,  the  area  of  the  inner  tube^  and 
encircling  ring  being  equal.^  The  inner  one  is  the  outlet  tube  ;  it  is  so 
because  the  casing  of  the  other  tube  maintains  the  temperature  of  the  air  in 

1  The  model  of  Watson's  ventilating  tube  is  well  adapted  for  showing  how  opposing  cnn-ents 
■  of  air  block  each  other.    Although  the  tube  is  of  good  size,  a  candle  placed  in  a  bell  glass,  into 
the  top  of  which  the  tube  is  fixed,  soon  goes  out ;  a  partition  being  then  inserted  into  the  tube, 
the  currents  are  at  once  divided — one  passes  up,  one  down,  the  sides  of  the  tube,  and  the  candle 
bums  again. 

•It  would  be  advisable  to  make  the  outer  ring  larger,  seeing  that  the  friction  to  be  over- 
come is  about  double  that  of  the  inner  tube. 


Fig.  15. 
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ixi^s.       and  17.)    Eotli  tul3es  can  be  closed  by  valves.    If  tliere  is  a  fire 


Fig.  17. 

in  tlie  room  both  tubes  may  become  inlets  ;  to  prevent  this  the  outlet  tube 
should  be  closed  ;  if  doors  and  windows  are  open,  both  tubes  become  outlets 

Ihe  movement  of  air  by  this  plan  is  imperceptible,  or  almost  so ;  it  is  an 
admirable  mode  for  square  or  round  rooms,  or  small  churches  :  for  verv  long 
rooms  it  is  less  adapted.  ^ 

The  tube  is  made  of  all  sizes,  from  6  inches  in  diameter,  which  is  adapted 
ior  a  sitting-room,  up  to  7  or  8  feet,  which  is  the  size  used  in  some  churches. 
The  two  tubes,  after  passing  out  of  the  room,  may  be -taken  in  different 
directions,  care  being  taken  that  the  inner  tube  is  always  the  lon<Test  and  if 
possible,  with  the  fewest  curves.  °    '  ' 

If  the  two  tubes  can  be  kept  together  for  some  distance,  an  advantarre 
would  perhaps  be  gained,  as  the  hot  air  would  transmit  a  portion  of  its  heat 
to  the  air  in  the  outer  tulDe,  which  would  enter  the  room  at  a  higher  tempera- 
ture than  would  otherwise  be  the  case ;  some  loss  of  movement  would  result 
but  this  would  be  triflinsf,  ' 

Dr.  Arnotl's  chimney  ventilator  is  a  valved  opening  at  the  top  of  the  room 
leading  at  once  into  the  chimney,  and,  like  l)r.  Chowne's  siphon,  has  the 
great  advantage  of  drawing  the  air  from  the  top  of  the  room  ;  it  has  been, 
and  is,  much  used,  but  has  the  inconvenience  of  occasionally  allowino-  the 
reflux  of  smoke. 

Mr.  Boyle  has  altered  this  chimney  ventilator  by  hanging  small  talc  plates 
at  a  certain  angle  ;  a  very  slight  pressure  closes  them  and  prevents  reflux. 

Of  these  various  plans,  M'Kinnell's  should  be  chosen,  if  the  air  must  be 
admitted  at  the  top  of  the  room  ;  and  they  are  well  adapted  for  guard-rooms, 
cells,  and  rooms  of  small  dimensions,  when  it  is  desired  to  have  the  ventilat- 
ing apparatus  out  of  reach.  Watson's  divided  tube  can  also  be  used,  but  is 
less  useful  than  the  others. 
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System  of  Ventilation  adopted  in  the  Army, 
a     ■  n     TliP  nffioial  plan  now  in  use  was  arranged  aLont  twenty- 
OnHorae  ^X;^^l^-^ZT,t.^<>^t  Commission;  it  is  applied  in  most 
two  years  ago  by  the  ?  j      ^^e,,    it  has  answered  extremely  well, 

n"Vde'si"d  that  it  should  be  carried  out  everywhere.    It  is 
and  It  IS  nj^^^^         rintiiral  ventilation,  and  consists  of— 

1  One  ^^'"^J^^^";         .^-Qj^  ij^^tlie  room  varies  ;  it  is  sometimes  at  the 
"  Ta^  ni^Bide  acc^^^^^^^^     circumstances.   This  shaft  is  carried  straight 
r  inside  L  rifand  about  4  to  6  feet  above  the  roof,  and  is  covered  with 
up  msile  tne  wai ,  ^^^^^  provided  with  a 

LpTor'par  y  cl"  ng  t  bdow.'  Its  sL  is  regulated  by  that  of  the  room  aiid 
bv  the  iniX  of  inmates,  but  it  is  not  made  larger  than  1  square  foot ;  f 
nfore  o  rt  is  required,  another  shaft  is  put  up.  The  relation  between  ts 
5ze  anTthat  of  the  room  varies  with  the  position  of  the  room.  In  a  three- 
storeyed  barrack  the  rule  is  as  follows  :— 

1  On  the  ground  floor,  1  square  inch  of  section  area  of  outlet  shaft  for 
■     every  60  cubic  feet  of  room  space,  or  for  each  man  10  square  inches 

of  area.  n  •    <•   .  r 

2  On  the  first  floor,  1  square  inch  for  every  55  cubic  feet  of  room  space, 

or  for  each  man  10-9  (say  11)  square  inches. 
3.  On  the  second  floor,  1  square  inch  for  every  50  cubic  feet  of  room  space, 

or- for  each  man  12  square  inches. 
In  a  one-storeyed  barrack  the  amount  should  be  the  same  as  the  second  floor, 
or  in  other  words,  12  men  would  have  a  shaft  of  1  square  foot.    In  addition, 
there  is  the  chimney,  which  gives  a  section  area  per  head  of  about  6  square 
inches.    The  total  outlet  area  per  man  is  therefore  16  to  18  inches,  according 

to  circumstances.  .    i  , 

2.  Inlets.— VaQ  amount  of  inlet  is  a  trifle  more  than  1  square  inch  to  every 

60  cubic  feet  of  room. 

Half  the  inlet  air  is  warmed  in  all  the  new  barracks  and  many  old  barracks 
by  being  taken  through  air-chambers  behind  the  fire  (Galton's  stove)  (area  of 
tube  =  6  square  inches  per  head),  and  the 
other  half  comes  direct  from  the  outer  air 
into  the  rooms  through  Sheringham  valves. 
Area  of  outer  opening  =  5  square  inches, 
making  altogether  11  square  inches  of  inlet 
opening  per  man. 

The  cold  air  inlets  (Sheringham  valves) 
are  placed  at  the  sides  near  the  ceiling,  about 
9  feet  from  the  floor,  and  are  not  opposite 
each  other.  Tig.  18  shows  a  usual  arrange- 
ment. The  outlet  space  is  thus  seen  to  be 
rather  larger  than  the  inlet,  but  as  the  doors 
and  windows  seldom  fit  close,  it  is  probable 
that  practically  this  is  of  little  conse- 
quence. 

The  movement  of  air  through  these  openings  is  tolerably  regular— as  regular 
as  it  ever  can  be  in  natural  ventilation.  The  discharge  of  air  through  the  chim- 
ney and  outlet  shaft  averages  about  1200  cubic  feet  per  head  per  hour,  with 
a  range  from  700  to  1500  or  1600,  according  to  the  amount  of  fire,  the 
warmth  of  the  room,  and  the  movement  of  the  external  air.    The  usual 
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oCd     So?  •     ■'';f^  i«  f-"^  3  to  5  feet  per 

rstini.  X-         7  ^^'l  '^"""^^-^  ""'"'^  counteract  each  other  a  littk 

le  ins  do  of  tC^"  r^'^^.™^'"'       ^^^^^  ^''^  ^^rickles  down 

mprov  d  f^'  i  The  ventilation  of  barracks  has  been  ^^  onderfu]ly 
improved  by  this  plan,  and  the  average  CO,  ranges  from  7  to  1  T)er  lODO 
volumes,  according  to  the  rapidity  of  niovem^t  of^he  air  ^ 

nearly  cCbfed.'^'*"'"'     ^'"'"''^^  ''^''^P^  dimensions  are 

i¥ec/^Verro«ea7^  Stations. —The  same  system  is  directed  to  be  carried  out 
o^ir;^^^^^^^^^^^  Malta  and  GibraL,  only  the  sizes  of  tLrinlSs  a"d 

T  r  ^'''P^''         ^«  1  in^l^  of  outlet  for  every  20 

?fremrvpfll'^''r-T'^?^  °  i  ^  ^'^^  '^'^     ^^^^^^d  to  be  taken 

to  remove  all  outside  obstacles  to  the  movement  of  the  wind 

he  used    T'r'''^  /^r^m.-The  same  system  in  principle  is  now  directed  to 


SECTION  III. 

AETIFICIAL  VENTILATION. 

Artificial  ventilation  is  accomplished  in  two  ways;  either  the  air  is  drawn 
out  of  a  buildmg  or  room  (the  method  by  extraction),  or  it  is  driven  in,  so  as 
to  force  out  the  air  already  in  the  room  (the  method  by  propulsion). 

Sub-Section  1. — Ventilation  by  Extraction. 

This  is  produced  by  the  application  of  heat,  so  as  to  cause  an  upward 
current,  or  by  the  steam  jet,  or  by  a  fan  or  screw,  which  draws  out  the  air. 

I.  Extraction  Inj  Heat.— The  common  chimney  is  a  well-known  example 
of  this.  There  is  a  constant  current  up  the  chimney,  when  the  fire  is  burn- 
ing, m  proportion  to  the  size  of  the  fire  and  of  the  chimney.  The  usual 
current  up  a  common  sitting-room  chimney,  with  a  fair  fire,  is,  as  measured 
by  an  anemometer,  from  3  to  6  feet  per  second.  A  very  large  fire  will  brinf 
it  up  to  8  or  9  feet.  The  movement  caused  by  a  kitchen  or  furnace  fire  is°, 
of  course,  greater  than  this.  If  the  area  of  the  section  where  the  anemometer 
is  placed  be  known,  the  discharge  can  be  stated  in  cubic  feet. 

AVhen  the  air  enters  equably,  and  is  well  distributed,  the  movement  of  air 
is  from  the  inlets  gently  towards  the  fireplace ;  there  is  also  said  to  be  a 
movement,  from  above  the  fireplace,  along  the  ceiling  and  down  the  walls, 
and  then  along  the  floor  to  the  chimney.  ^ 

In  the  wards  of  Fort  Pitt  the  current,  with  a  good  fire,  is  about  3|  to  4^ 
feet  per  second ;  and  as  the  section  area  of  the  throat  is  -5  square  foot,  the 
average  discharge  is  about  7200  cubic  feet  per  hour.  In  the  barracks  of 
Chatham,  Dr.  Fyffe  found  the  discharge  by  the  chimney  to  be  9080  cubic 
feet  per  hour  (average  of  six  observations).  In  the  barracks  at  Gravesend, 
Messrs.  Hewlett,  Stanley,  &  Eeid  found  the  discharge  to  be  6120  cubic 
feet  per  hour  (average  of  twenty  observations),  At  Chelsea  Is'ew  Barracks, 
Avith  a  fire  alight  but  low,  the  velocity  was  14-6  per  second,  or  21,038  cubic 
feet  per  hour;  and,  with  the  fire  out,  11-9  per  second,  or  17,088  i^er  hour.-' 
In  the  experiments  of  the  Barrack  Commissioners,^  the  chimney  discharge 

^  Reid  and  Stewart,  quoted  by  the  Barrack  Connriissiouera. 
^  Dr.  F.  de  C'liaiinioiit's  Reports,  Army  Med.  Ileports,  vol.  ix. 
3  Report,  1861,  p.  73. 
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1  *       f^qoo  to  16  000  cubic  feet  per  hour,  the  mean  of  twenty-five 
ranged  from  5300  ^  1  b,OUU  ci  p  ^.^^^^^^  ^  ^^^^  ^^^^^ 

experiments  being  990i  cu^^^^  eonckided  that,  with  an  ordinary 

generally  a  g;^^^.^  a  dTscLar^e  sufficient  for  four  or  five  persons.    If  then 
^rtSrX  oft^^^^^^^  habitually  live  in  the  room,  another  outlet 
must  be  provided  ^^^^  ligl^ted,  all 

''"red;KranntrLchlter3,  the  ouUete  ^st  be  moxe  or  less 


no 

closed 


If'the  room  be  without  openings,  so  that  no  air  can  reach  the  fire  ^ir  is 
drawn  down  the  chimney,  an'd  a  double  current  is  -tablis^^^^^^^^^  whi  h  t,e 
fire  is  fed.    The  down-current  coming  m  puffs  is  one  cau.e  ol  smoKy 
pbiranevs  and  may  be  at  once  cured  by  making  an  inlet.  -, 
The  Chimney  and  fire  is  a  type  of  a  number  of  other  similar  modes  of 

'-"^^Z^^es  is  carried  on  by  lighting  a  fire  at  the  bottom  of  a 
shaft  (the  upcast  or  return  shaft),  or  half  a  shaft  if  there  be  only  one  The 
air  is  drawn  down  the  other  or  downcast  or  intake  shaft  or  half  the  shaft 
and  is  then  made  to  traverse  the  galleries  of  the  miue  being  ^cted  this 
way  or  that  by  partitions.    Double  doors  are  used  so  that  there  is  no  back 
or  side  rush  of  the  ah.    The  current  passes  through  the  upcast-shaft  at  the 
rate  of  from  8  to  10  feet  per  second;  it  flows  through  the  Sf  f^^f, .^^^ 
the  rate  of  from  4  to  6  feet  per  second,  or  even  more,  and  from  1000  to  2000 
cubic  feet  per  head  per  hour  are  supplied  in  good  mines.    In  fire-damp  mines 
much  more  than  this  is  given,  even  as  much  as  6000  cubic  feet  per  man  per 
hour.2    If  the  quantity  of  air  be  reduced  too  low  there  is  a  serious  diminu- 
tion in  the  amount  of  work  performed  by  the  men.    A  horse  is  allowed  2466 
cubic  feet,  and  a  light  59  cubic  feet  per  hour.    All  these  quantities  are  too 
small.    It  may  easily  be  conceived  how  skilfully  the  air  must  be  directed, 
so  as  to  traverse  the  most  remote  workings  ■  in  some  mines  a  portion  of  air 
makes  a  circuit  of  from  30  to  40  miles  before  it  can  arrive  at  the  upcast-shatt. 
The  size  of  the  shafts  in  a  colliery  varies  from  8  to  11  or  12  feet  m  diameter ; 
the  sectional  area  of  a  shaft  of  the  former  size  would  be  50  square  feet 
A  current  of  8  feet  per  second  in  the  upcast-shaft  would  give  a  discharge  ot 
1,440,000  cubic  feet  per  hour,  which.would  give  720  men  2000  cubic  feet 

per  hour.  j       4.1     +  v 

The  sectional  area  and  height  of  the  extracting  shaft,  and  ot  the  tubes 
running  into  it,  have  been  fixed  by  Peclet ;  the  principle  is  to  give  to  the 
shaft  the  greatest  height  which  can  be  allowed,  and  the  largest  section  which 
can  be  given,^  without  permitting  the  temperature  of  the  contained  arr  to  fall 
so  low  as  to  be  unable  to  overcome  the  resistance  of  the  atmosphere  at  the 
top  of  the  shaft,  or  the  action  of  the  winds.* 

In  large  buildings  the  same  plan  is  often  used;  a  chimney  (cheminee 
d'appel  of  the  French)  is  heated  by  a  fire  at  the  bottom,  and  into  the  bottom 
of  this  shaft,  close  to  the  fire,  run  a  number  of  tubes  coming  from  the 

1  In  August  1869  I  found  at  Fort  Elson  the  velocity  to  be  on  one  occasion  7'5  per  second, 
and  at  Gosport  New  Barracks,  8-4.  The  velocity  generally  ranges  from  1^  feet  to  3  feet  per 
second,  although  it  is  often  more.— (F.  de  C.) 

2  Proceedings  of  Civil  Engineers,  vol.  xii.  p.  308. 

3  De  la  Chaleur,  3d  ed.  1861,  t.  iii.  p.  66  et  seq. 

4  The  amount  of  the  resistance  given  to  the  movement  of  air  through  the  tubes  leading  to 
the  shaft,  and  in  the  shaft  itself,  can  be  calculated  from  the  formula  given  by  Peclet  at  p.  47 
(t.  iii.),  but  which  it  is  unnecessary  to  introduce  liere. 
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ditterent  rooms.  Several  French  and  English  Hospitals,  and  many  other 
Ses'of'?:r^^'f -"^       ^'y-         ^^^^  ventil Jted  h 

Lf  dV.l  f  1  ««^^ld.f;^nge  the  entire  air  in  the  building  in  a  few  minutes. 

whinh  Z  ^      ^'"'^  P'"P°''^  ^°  have  a  central  chimney,  into 

vhich  the  chimneys  of  aU  the  fires  shall  open,  and  to  surround  this  with  air- 
shafts  connected  with  the  tops  of  the  rooms.    It  is  supposed  that  if  other 

iumiLrbtideT  '  ^  '^"^^'^  ^""^  '^^^'^ 

In  all  these  cases  it  requires  that  the  workmanship  shall  be  very  exact,  so 
that  air  shall  not  reach  the  extracting  shaft  except  through  the  tubes 

It  is  now  more  than  a  hundred  and  twenty  years  ago  since  Dr.  Mead  brought 
before  the  Ixoyal  Society  Mr.  Sutton's  plan  of  ventilating  ships  on  the  same 
principle.  Tubes  running  from  the  hold  and  various  cabins  joined  together 
into  one  or  two  large  tubes  which  opened  into  the  ashpit  beneath  the  cookin- 
fares  If  the  doors  of  the  ashpits  were  kept  closed,  the  fires  drew  the  air 
rapidly  from  all  parts  of  the  ship.  Unfortunately,  this  plan  never  came  into 
general  use.  The  same  plan  was  adopted  by  Dr.  Maplefcon  for  the  ventila- 
tion of  the  hospital  ships  employed  in  the  last  (1860)  China  War  The 
arrangement  requires  some  watching  to  prevent  careless  cooks  from  allowiru^ 
air  to  reach  the  fires  in  other  ways. 

On  the  same  principle  some  men-of-war  are  now  being  ventilated. i  The 
funnel  and  upper  part  of  the  boiler,  and,  as  far  as  possible,  all  the  steam 
apparatus,  are  inclosed  in  an  iron  casing,  so  that  a  space  is  left  of  some  3  or 
4  feet  between  the  casing  and  the  funnel.  When  the  fires  are  lighted,  there 
is  of  course  a  strong  current  up  this  space,  and  to  supply  this  the  air  is  drawn 
down  through  all  the  hatchways  towards  the  furnace  doors.  The  temperature 
of  the  stokehole  is  reduced  from  130°  or  140°  Fahr.,  to  60°  and  70°;  and 
the  draught  to  the  fires  is  so  much  more  perfect,  that  more  steam  is  obtained 
from  the  same  amount  of  fuel.  This  plan,  devised  by  Mr.  Baker,  has  been 
ingeniously  applied  by  Admiral  Fanshawe,  late  superintendent  at  Chatham 
dockyard,  to  the  ventilation  of  every  part  of  the  ship  where  there  are  no 
water-tight  compartments.  Edmonds'  plan  combines  with  this  the  ventila- 
tion not  only  of  the  hold,  but  of  the  timbers  of  the  ship. 

Sometimes,  instead  of  a  fire  at  the  bottom  of  the  chimney,  it  is  placed  at 
the  top ;  but  this  is  a  mistake,  as  there  is  a  great  loss  of  heat  from  the 
immediate  escape  of  the  heated  air ;  the  proper  plan  is  to  heat,  as  much  as 
possible,  the  whole  column  of  air  in  the  chimney,  which  can  only  be  done  bv 
placing  the  fire  below.  Sometimes,  as  in  Jebb's  method  for  ceU-prisons,  the 
shaft  is  too  short  for  the  work  it  has  to  do. 

Frequently,  instead  of,  or  in  addition  to  a  fire,  heat  is  obtained  in  the  shaft 
by  means  of  hot-water  or  steam  pipes.  This  plan  has  long  been  in  use  in 
England,^  and  has  since  been  introduced  into  France,  and  improved  by  M.- 
Leon Duvoir.  Warming,  as  well  as  ventilation,  is  accomplished  by  this 
method,  which  is  in  action  at  the  Hospitals  Lariboisiere  (in  one-half)  and 
Beaujon.  It  appears  to  be  at  once  effectual  and  economical,  though  it  has 
been  sharply  criticised  by  Grassi  and  Peclet.  After  a  very  long  investigation 
into  the  merits  of  all  rival  plans,  it  was  adopted  by  a  French  commission  for 
the  warming  and  ventilation  of  the  Palais  cle  Justice  at  Paris,  and  has  since 
been  adopted  in  other  pubhc  buildings,  chiefly  from  the  advocacy  of  General 

1  In  the  new  ironclads  it  is  found  necessary  to  use  large  fans  driven  by  special  engines  to 
effect  thorougli  change  of  air  l->elow. 

^  It  is  in  use  in  the  Circuit  Court-House  in  Glasgow,  and  in  the  Police  Buildings  at  Edin- 
bui'gli  (Ritchie),  and  in  many  other  huihlings. 
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AloriB  ^    The  plan  at  the  Hospital  Lariboisiere  is  simply  this  :  an  extracting 
hT^ont  dns  in  the  lower  part  a  boiler,  from  which  two  spiral  hot-water 
t^L  Z  the  requisite  height  in  the  shaft,  and  then,  leaving  it,  pass 

^ownwa  ^s  and  enter  the  wards,  in  which  they  are  coiled  so  as  to  form  hot- 
waTer  s^ovefa^  then  leaving  the  wards,  they  pass  down  and  re-enter  the 
boUer  There  is  a  continual  circulation  of  hot  water,  and  in  the  shaft  there 
is  ne  ;ssarriy  an  upward  current  of  air.  But  as  the  air  is  continually  mcreas- 
LTtem^^^^^^^  the  point  of  discharge,  there  is  a  lo^s  of  power 

ust  as  in  the  case  of  the  fire  being  placed  at  the  top  instead  of  the  bottom  of 
he  sha  t  From  the  bottom  of  the  wards  air-conduits  or  tubes  run  into  the 
extracting  shaft,  and  thus  the  vitiated  air  is  drawn  out  of  the  wards.  The 
Lesh  air  is  admitted  directly  from  the  outside  into  the  wards,  and  is  warmed 
by  beinc  admitted  through  the  coils  of  the  hot-water  tubes.  In  the  summer 
the  water  is  shut  off  from  the  water-stoves,  but  the  temperature  of  the 
extracting  shaft  is  still  maintained.  _ 

It  is  cS-tainly  true  that  the  ventilation  by  this  plan  is  irregular and  also, 
that  in  the  Hospital  Lariboisiere,  a  much  greater  quantity  of  air  passes 
through  the  extracting  shaft  than  enters  through  the  hot-water  stoves 

In  the  summer,  when  there  is  ventilation  without  warnung,  the  outflow  of 
air  from  the  wards  varied  from  844  cubic  metres  (2980  cubic  feet)  to  55-3 
cubic  metres  (1952  cubic  feet)  per  head  per  hour.3  _  ... 

In  the  winter,  when  there  are  both  ventilation  and  warming,  the  outflow  ot 
air  from  the  wards  was  82-2  cubic  metres  (or  2902  cubic  feet)  per  head  per 
hour.  Of  that  amount,  only  35  cubic  metres  (1235  cubic  feet)  entered  by 
the  water-stoves,  the  rest  came  in  by  doors  and  windows  and  other  openings 
—an  objectionable  point,  as  the  air  might  press  in  from  the  closets.  Yet,  m 
spite  of  this,  the  temperature  was  maintained  pretty  well  up  to  the  limit 
fixed  in  the  agreement,  viz.,  15°  cent,  or  59°  Fahr. 

Oil  has  been  used  in  some  cases  instead  of  water,  for  circulating  in  the 
heating  apparatus. 

Yery  frequently,  instead  of  a  fire  or  hot-water  vessels,  lighted  gas  is  used 
to  cause  a  current,  and  if  the  gas  can  be  applied  to  other  uses,  such  as  light- 
ing, cooking,  or  boiling  water,  the  plan  is  an  economical  one. 

In  theatres  the  chandehers  have  long  been  made  use  of  for  this  purpose. 
M.  D'Arcet  proposed  this  for  several  of  the  old  theatres  in  Paris,  and  the 
Commission'*  appointed  to  determine  the  mode  of  ventilation  to  be  adopted 
in  the  Theatres  Lyrique  et  du  Cirque  Imperial,  determined  after  much  con- 
sideration, that  this  plan  was  the  best  adapted  for  theatres.  General  Morin, 
from  numerous  experiments,  found  that  1  cubic  metre  of  gas  caused  the  dis- 
charge of  1000  cubic  metres  of  air,  or  1  cubic  foot  would  cause  the  discharge 
of  1000  cubic  feet  of  air.^ 

The  advantage  of  extraction  by  heat,  especially  in  the  case  of  theatres  a,nd 
buildings  where  gas  can  be  brought  into  play,  are  obvious,  but  the  growing- 
use  of  the  electric  light  will  necessarily  modify  the  arrangements  for  venti- 
lation. 

There  are  some  objections  to  extractions  by  the  fire  and  hot-air  shaft. 

(1)  The  inequality  of  the  draught.    It  is  almost  impossible  to  keep  the 

1  Two  excellent  reports  have  been  made  by  this  Commission,  of  which  General  Morin  was 
reporter.  Their  titles  are  given  further  on.  Much  information  is  also  given  in  General  Morin's 
work  on  ventilation,  Etudes  sur  la  Ventilation,  Paris,  1863,  2  vols. 

2  Peclet,  Traite  de  la  C'haleur,  1861,  t.  iii.  p.  267. 

3  Grass],  op.  cit.  pp.  35-37. 

*  Rapport  de  la  Commission  sur  le  Chauffage  et  la  Ventilation  du  Theatre  Lyrique  et  dii 
Theatre  du  Ci/rque  hnpirial,  Eaj^porteur  le  General  Morin,  Paris,  1861. 

*  Eludes  sur  la  Vent,  t.  ii.  p.  720. 
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hP  ofn.?    ?     .i  ^'^  '*^-  J^^'"         ^^^"^^^^y  °f  comhusfcible  material  should 
be  consumed  in  the  same  time  every  day,  and  the  heat  should  be  kept  in  by 
a  ge  masses  of  masonry     Still,  with  these  precautions,  the  atmospheHc 
avoided'''  '  '^^''''^^  combustibles,  cannot  be 

(2)  The  inequality  of  the  movement  from  different  rooms.  From  rooms 
nearest  the  shaft,  and  with  the  straightest  connecting  tubes,  there  may  be  a 
strong  current,  while  from  distant  rooms  the  friction  in  the  conduits  is  so 
great  that  little  air  may  pass.  This  is  well  seen  in  cell  prisons,  ventilated  on 
J  ebb  s  principle.  The  greatest  care  is  therefore  necessary  in  calculating  the 
resistance,  and  in  apportioning  the  area  of  the  tubes  to  the  resistance.  This 
plan  IS,  indeed,  best  adapted  for  compact  buildings.  Occasionally,  if  the 
Iriction  be  great,  from  too  small  size,  or  the  angular  arrangement  of  the 
conduits  leading  to  the  hot-shaft,  there  may  be  no  movement  at  all  in  the 
conduits,  but  a  down-current  to  feed  the  fire  is  established  in  the  shaft  itself 
—a  state  of  things  which  was  discovered  by  Dr.  Sanderson  to  exist  in  the 
ventilation  of  St.  Mary's  Hospital  in  London. 

(3)  The  possibility  of  reflux  of  smoke,  and  perhaps  of  air,  from  the  shaft 
to  the  rooms,  is  another  objection  of  some  weight. 

(4)  The  impossibility  of  properly  controlling  the  places  where  fresh  air 
enters.  It  will  flow  in  from  all  sides,  and  possibly  from  places  where  it  is 
impure,  as  from  closets,  &c. ;  air  is  so  mobile  that  with  every  care  it  is 
difficult  to  bring  it  under  complete  control— it  will  always  press  in  and  out 
at  the  point  of  least  resistance. 

2.  Extraction  by  the  Steam-jet— The  moving  agent  here  is  the  force  of  the 
steam-jet,  which  is  allowed  to  pass  into  a  chimney.  The  cone  of  steam  sets 
in  motion  a  body  of  air  equal  to  21 7  times  its  own  bulk.  Tubes  passing  from 
different  rooms  enter  the  chimney  below  the  steam-jet,  and  the  air  is  extracted 
from  them  by  the  strong  upward  current.  This  plan  is  best  adapted  for 
factories  with  spare  steam.  It  was  employed  for  some  time  in  the  ventilation 
of  the  House  of  Lords,  but  was  finally  abandoned. 

3.  Extraction  hij  a  Fan  or  Screw. — An  extracting  fan  or  Archimedean 
screw  has  been  used  to  throw  out  the  air.    Several  diff"erent  kinds  have  been 
proposed  by  Messrs.  Combes,  Letoret,  Glepin,  and  Lloyd,  and  have  been  used 
in  coal-mines  in  Belgium,  and  in  some  of  the  English  mines.    At  the 
Abercarn  mine,  in  South  Wales,  a  fan  is  used  of  13|  feet  diameter;  the 
vanes,  eight  in  number,  are  3|^  feet  wide  by  3  feet  long ;  at  60  revolutions 
per  minute  the  velocity  of  the  air  is  782  linear  feet  per  minute,  and  45,000 
cubic  feet  are  extracted ;  the  velocity  at  the  circumference  of  the  fan  is  2545 
feet  per  minute;  the  theoretical  consumption  of  coal  per  hour  is  17 "4  Bb.i 

Mr.  Van  Hecke  formerly  used  a  fan  for  this  purpose,  in  his  system  of 
ventilation  of  buildings,  but  he  has  found  it  better  to  abandon  it,  and  sub- 
stitute a  propelling  fan. 

Sub-Section  II. — Ventilation  by  Propulsion. 

This  plan  was  proposed  by  Desaguliers,  in  1734,^  when  he  invented  a  fan 
or  wheel  inclosed  in  a  box.  The  air  passed  in  at  the  centre  of  the  fan,  and 
was  thrown  by  the  revolving  vanes  into  a  conduit  leading  from  the  box.  In 
some  form  or  other  this  fan  has  been  used  ever  since,  and  the  conduits  lead- 
ing from  it  are  now  generally  made  large,  so  that  the  fan  may  move  slowly, 

1  Ure's  Dictionary,  1875,  art.  "  Veutilation, "  vol.  iii.  p.  1069. 

2  Course  of  Experimental  Philosophy,  vol.  ii.  p.  564.    The  wheel  was  shown  to  the  Royal 
Society  in  1734. 
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and  deliver  a  large  quantity  of  air  at  a  low  velocity.  The  fan  if  small,  is 
worked  by  liand?  if  larger,  by  liorse,  water,  or  steam  power.  It  is  largely 
used  iu  India,  under  the  name  of  the  Thermantidote. 

The  fans  ai-e  often  made  with  six  or  eight  rays,  eacli  carrying  vanes  at  the 
Pnd  which  should  be  as  close  as  possible  to  tbe  enveloping  box.  In  size,  the 
Lnc^trofthe  vanes  should  be  more  than  half  the  length  of  the  rays  ;  the 
number  of  rays  should  augment  with  the  diameter  of  the  orifice  of  access  i 

The  amount  of  air  delivered  can  be  told  by  timing  the  speed  of  revolution 
of  the  extremities  of  the  fan  per  second,  or  per  minute;  the  effective  velocity 
is  equal  to  |ths  of  this,  and  this  is  tbe  rate  of  movement  of  the  air.  it  the 
section  area  of  the  conduit  be  known  the  number  of  cubic  feet  discharged  per 
second,  minute,  or  hour,  can  be  at  once  calculated.  .  ,  a  4. 

The  power  of  this  plan  is  very  considerable.  With  a  fan  ot  10  feet 
diameter,  revolving  sixty  times  per  minute,  the  effective  velocity  is  1414  feet 
per  minute.  The  rate  of  movement  in  the  main  channel  should  not  be  more 
than  4  feet  per  second ;  the  conduits  must  gradually  enlarge  in  calibre ;  and 
the  movement,  when  the  air  is  delivered  into  the  rooms,  should  not  be  more 
than  1|  feet  per  second.  At  the  Hospital  Lariboisiere  in  Paris,  it  is  stated 
that  150  cubic  metres  (=  4296  cubic  feet)  have  been  delivered  per  head  per 
hour,  in  the  wards  ventilated  by  the  propelling  fan  of  MM.  Thomas  et 
Laurens.  It  must,  however,  be  remembered,  that  the  later  observations  of 
General  Morin  showed  that  much  of  the  movement  ascribed  to  the  fan  was 
really  owing  to  natural  ventilation. 

This  plan  is  very  well  adapted  for  those  cases  in  which  a  large  amount  of 
air  has  to  be  suddenly  supplied,  as  in  crowded  music  halls  and  assenibly 
rooms.  St.  George's  Hall  at  Liverpool  is  ventilated  in  this  way.  The  air  is 
taken  from  the  basement ;  is  washed  by  being  drawn  through  a  thin  film  of 
water  thrown  up  by  a  fountain ;  is  passed  into  caloriferes  (in  the  winter), 
where  it  can  be  moistened  by  a  steam-jet,  if  the  difference  of  the  dry  and  wet 
bulb  be  more  than  four  to  six  degrees,  and  is  then  propelled  along  the  channels 
which  distribute  it  to  the  hall.  In  summer,  it  is  cooled  in  the  conduits  by 
the  evaporation  of  water. 

At  the  Hopital  ISTecker  in  Paris,  and  in  many  other  places,  the  plan  of 
Van  Hecke  is  in  use.  A  fan,  worked  by  an  engine,  drives  the  air  into  small 
chambers  in  the  basement,  where  it  is  warmed  by  cockle  stoves,  and  then 
ascends  into  the  rooms  above  and  passes  out  by  outlet  shafts  constructed  in 
the  walls.  The  system  is  effective  and  economical,  though  it  is  only  just  to 
say  that,  the  use  of  the  fan  excepted,  it  is  precisely  similar  in  principle  to 
Sylvester's. 

The  fans  employed  by  MM.  Verity  of  London  seem  to  be  very  powerful. 

In  addition  to  the  fan,  other  appliances  have  been  used.  Soon  after 
Desaguliers  proposed  the  fan.  Dr.  Hales  employed  large  bellows  for  the  same 
purpose,  and  they  were  used  for  some  time  on  board  some  men-of-war,  and 
in  various  buildings.  They  were  worked  by  hand  ;  and  probably  this,  and 
their  faulty  construction,  led  to  their  being  disused.  Their  use  was  revived 
and  their  form  modified  and  improved  by  Dr.  Arnott.^  Dr.  Arnott  showed 
that  Hales  lost  much  power  by  forcing  his  air  through  small  openings  ;  and, 
'hy  some  ingenious  alterations,  made  an  effective  machine.  The  hydraulic 
air-pump,  sometimes  used  in  mines,  is  useful  on  a  small  scale.^ 

1  Peclet,  De  lc(,  Chaleur,  3d  edition,  1868,  t.  i.  pp.  259,  263.  Numerous  kinds  of  fans  for 
propulsion  and  extraction  are  figured,  and  detailed  accounts  of  construction  and  amount  of 
work  are  given. 

2  On  the  Smokeless  Fireplace,  by  Neil  Arnott,  M.D.,  F.R.S.,  &c.,  1855,  p.  162  ;  and  in 
other  publications. 

3  Ure's  Dictimary,  1875,  vol.  iii.  p.  1064. 
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The  punkah  used  in  India  is  anotheo  mechanical  agent  with  a  similar 
though  more  imperfect  action.  When  a  punkah  is  pulled  in  a  room  open  on 
all  sides,  it  will  force  out  a  portion  of  air,  the  place  of  which  will  be  at  once 
supplied  by  air  rushing  in  with  greater  or  less  rapidity  from  all  points.  If 
the  punkah  can  be  moistened  in  any  way,  its  cooling  cflect  is  considerable. 
In  Moorsom's  punkah  a  wheel  turned  by  a  bullock  both  moves  the  punkah 
and  elevates  water,  which  then  passes  along  the  top  of  the  punkah,  and  flows 
down  it. 

The  advantages  of  ventilation  by  propulsion  are  its  certainty,  and  the  ease 
with  which  the  amount  thrown  in  can  be  altered.  The  stream  of  air  can  be 
taken  from  any  point,  and  can,  if  necessary,  be  washed  by  passing  through  a 
thin  film  of  water,  or  through  a  thin  screen  of  moistened  cotton,  and  can  be 
warmed  or  cooled  at  pleasure  to  any  degree.  In  fact,  the  engineer  can 
introduce  into  this  operation  the  precision  of  modern  science. 

The  disadvantages  are  the  great  cost,  the  chances  of  the  engine  breaking 
down,  and  some  difficulties  in  distribution.  If  the  air  enter  through  small 
openings,  at  a  high  velocity,  it  will  make  its  way  to  the  outlets  without  mix- 
ing.   The  method  requires,  therefore,  great  attention  in  detail. 


SECTION  IV. 

RELATIVE  VALUE  OF  NATURAL  AND  ARTIFICIAL 

VENTILATION. 

Circumstances  differ  so  widely,  that  it  is  impossible  to  select  one  system  in 
preference  to  all  others.  In  temperate  climates,  in  most  cases,  especially-for 
dwelling-houses,  barracks,  and  hospitals,  natural  ventilation,  with  such 
powers  of  extraction  as  can  be  got  by  utilising  the  sources  of  warming  and 
lighting,  is  the  best.  Incessant  movement  of  the  air  is  a  law  of  nature. 
We  have  only  to  allow  the  air  in  our  cities  and  dwellings  to  take  share  in 
this  constant  change,  and  ventilation  will  go  on  iminterruptedly  without 
our  care. 

In  some  circumstances,  however,  as  in  the  tropics,  with  a  stagnant  and 
warm  air ;  and  in  temperate  climates  in  certain  buildings,  where  there  are  a 
great  number  of  small  rooms,  or  where  sudden  assemblages  of  people  take 
place,  mechanical  ventilation  must  be  used.  So  much  may  be  said  both  for 
the  system  of  extraction  and  propulsion  under  certain  circumstances,  that 
it  is  impossible  to  give  an  abstract  preference  to  one  over  the  other.  In 
fact,  it  is  evident  that  the  special  conditions  of  the  case  must  determine 
the  choice,  and  we  must  look  more  to  the  amount  of  air,  and  the  method  of 
distribution,  than  to  the  actual  source  of  the  moving  power.  But  in  either 
case  the  greatest  engineering  skill  is  necessary  in  the  arrangement  of  tubes, 
the  supply  of  fresh  air,  &c.  The  danger  of  contamination  of  air  as  it  passes 
through  long  tubes,  and  the  immense  friction  it  meets  with,  must  not  be  over- 
looked. For  hospitals,  natural  ventilation  certainly  seems  the  proper  plan. 
The  cost  of  the  various  plans  will  depend  entirely  on  circumstances,  the 
nature  of  the  building,  the  price  of  materials,  coal,  &c.  On  the  whole,  the 
plans  of  ventilating  and  warming  by  hot- water  pipes,  and  Van  Hecke's  plan, 
are  cheaper  than  the  method  by  propulsion  by  means  of  a  large  fan ;  but 
the  latter  gives  us  a  method  which  is  more  under  engineering  control,  and  is 
better  adapted  for  hot  climates  when  it  is  desired  to  cool  the  air. 


CHAPTER  IV. 

EX^MmATION  OF  AIE  AND  OF  THE  SUFFICIENCY  OF 

VENTILATION. 

Thf  sufficiency  of  ventilation  should  te  examined—  , 

iT  By  determining  the  amount  of  cubic  space  assigned  to  each  person 
and  the  amount  of  movement  of  the  air,  or,  in  other  words,  the  number  of 
cubic  feet  of  fresh  air  which  each  person  receives  per  hour.  .     .  i 

Td  By  examining  the  air  by  the  senses,  and  by  chemical  and  mechanical 
methods,  so  as  to  determine  the  presence,  and,  if  possible,  the  amounts  of  sus- 
'  pended  matters,  organic  vapour,  carbon  dioxide,  hydrogen  sulphide,  and 
watery  vapour. 

SECTION  I. 


MEASUREMENT  OF  CUBIC  SPACE.^ 

The  three  dimensions  of  length,  breadth,  and  height  are  simply  multiplied 
into  each  other.  If  a  room  is  square  or  oblong,  with  a  flat  ceiling,  there  is, 
of  course,  no  difficulty  in  doing  this,  but  frequently  rooms  are  of  irregular 
form,  with  angles,  projections,  half-circles,  or  segments  of  circles.  In  such 
cases  the  rules  for  the  measurement  of  the  areas  of  circles,  segments,  triangles, 
&c.7must  be  used.  By  means  of  these,  and  by  dividing  the  room  into  several 
parts,  as  it  were,  so  as  to  measure  first  one  and  then  another,  no  difficulty 
will  be  felt.  After  the  room  has  been  measured,  recesses  containing  air 
should  be  measured,  and  added  to  the  amount  of  cubic  space ;  and,  on  the 
other  hand,  soHd  projections,  and  solid  masses  of  furniture,  cupboards,  &c., 
must  be  measured,  and  their  cubic  contents  (which  take  the  place  of  air), 
deducted  from  the  cubic  space  already  measured.  The  bedding  also  occupies 
a  certain  amount  of  space  ;  a  soldier's  hospital  mattress,  pillow,  three  blankets,^ 
one  coverlet,  and  two  sheets,  will  occupy  almost  10  cubic  feet,  about  7  if 
tightly  rolled  up.  It  is  seldom  necessary  to  make  any  deduction  for  tables, 
chaks,  and  iron  bedsteads,  or  small  boxes,  or  to  reduce  the  temperature  of  the 
air  to  standard  temperature,  as  is  sometimes  done. 

A  deduction  may  be  made,  however,  for  the  bodies  of  persons  living  in 
the  room  ;  a  man  of  average  size  takes  the  place  of  about  2^  to  4  cubic  feet 
of  air  (say  3  for  the  average.  )2 

In  linear  measurement,  it  is  always  convenient  to  measure  in  feet  and 
decimals  of  a  foot  and  not  in  feet  and  inches. ^  If  square  inches  are  measured, 
they  may  be  turned  into  square  feet  by  multiplying  by  -007. 


1  For  tables  of  useful  measures,  see  Appendix  B. 

2  The  weight  of  a  man  in  stones,  divided  by  4,  gives  the  cubic  feet  he  occupies.  Thus  a  man 
■weighing  12  stones  occupies  3  cubic  feet. 

3  The  following  table  may  be  found  convenient  ;— 

Tr,.i,»=  Decimal  parts  of  Inches  Decimal  parts  of 

Inches.  ^  fp,',^  incnes.  ^^^^^^ 

12         =         1-00  6  =  0-50 

11         =         0-92  5  ^  0-42 

10         =         0-83  4  =  0-33 

9         =         0-75  3  =  0-25 

8         =         0-67  2  =         0  17 

7         =         0-58  1  =  0-08 
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Area  of  circle,  . 

>>  >» 

Circumference  of  circle, 
Diameter  of  circle, 

Area  of  ellipse,  . 
Circumference  of  ellij^se. 

Area  of  a  square. 

Area  of  a  rectangle,  . 
Area  of  a  triangle. 


EuLES — Area  or  Superficies. 

=  D2  x  -7854. 
=  C2  x  -0796. 
=  D  X  3-1416. 
=  C  ^3-1416. 

^  {  Multiply  the  product  of  the 
~  I     two  diameters  by  "7854. 
Half  sum  of  the  two  diame- 
ters by  3-1416. 
Square  one  of  the  sides,  or 
multiply  any  two  sides 
into  each  other. 
^  (  Multiply  two  sides  perpeu- 
(     dicular  to  each  other. 
Base     X  I  height,  or 
Height  X  I  base. 


Fig.  19. 

Area  of  a  parallelogram, 


Fig.  20. 

Any  figure  hounded  by  right  lines. 


Fig.  21. 

Area  of  segment  of  circle. 


=  Divide  into  two  triangles  by 
a  diagonal,  and  take  sum 
of  the  areas  of  the  two 


triangles. 


=    Divide  into  triangles,  and 
take  the  sum  of  their 


areas. 


To  ^  of  product  of  chord 
and  height  add  the  cube 
of  the  height  divided  by 
twice  the  chord 

(Ch.Hxi)  +  |i 


Fig.  22. 

Cubic  Capacity  of  a  Cube  or  a  Solid  Rectangle.— ^ixxXti^lj  together  the 
three  dimensions,  length,  breadth,  and  height.         _  ,  .  i 

Cubic  Capacity  of  a  Solid  Triangle.— kr^^  of  section  (triangle)  multiplied 

by  depth.  i  i  •  i 

Cubic  Capacity  of  a  Cone  or  Pyramid.— kr^^  of  base  x  ^  height. 
Cubic  Capacity  of  a  i)o7??,e.— Two-thirds  of  the  product  of  the  area  of  the 
base  multiplied  by  the  height  (area  of  base  x  height  x  |). 
Cubic  Capacity  of  a  Cylinder.— Aresi  of  base  x  height. 
Cubic  Capjacity  of  a  Sxjliere.—W  x  -5236. 

The  cubic  capacity  of  a  bell-tent  may  be  taken  as  that  of  a  cone. 


DIRECTION  AND  EATE  OF /MOVEMENT  OF  AIR. 
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The  cubic  capacity  of  an  hospital  marquee  must  be  got  by  dividing  the 
marquee  into  several  parts— U^^J,  into  body;  and       roof  :— 

1  Body,  as  a  solid  rectangle,  with  a  half  cylinder  at  each  end. 
2".  Koof,' solid  triangle,  and  two  half  cones. 
The  total  number  of  cubic  feet,  with  additions  and  deductions  all  made, 
must  then  be  divided  by  the  number  of  persons  living  m  the  room;  the 
result  is  the  cubic  space  per  head. 

SECTION  XL 
MOVEMENT  OF  AIR  IN  THE  ROOM. 
The  dkection  of  movement  must  first  be  determined,  and  then  its  rate. 


1.   DIRECTION  OF  MOVEMENT. 

First  enumerate  the  various  openings  in  the  room— doors,  windows, 
chimney,  special  openings,  and  tubes— and  consider  which  is  likely  to  be  the 
direction  of  movement,  and  whether  there  is  a  possibility  of  thorough  move- 
ment of  the  air.  Then,  if  it  is  not  necessary  to  consider  further  any  move 
ment  through  open  doors  or  windows,  close  all  these,  and  examine  the  move- 
ment through  the  other  openings.  This  is  best  done  by  smoke  disengaged 
from  smouldering  cotton-velvet,  and  less  perfectly  by  small  balloons,  light 
pieces  of  paper,  feathers,  &c.  The  flame  of  a  candle,  which  is  often  used,  is 
only  moved  by  strong  currents.  It  may  be  generally  taken  for  granted  that 
one  half  the  openings  in  a  room  will  admit  fresh  air,  and  half  will  be  outlets. 
But  this  is  not  invariable,  as  a  strong  outlet,  like  a  chimney,  may  draw  air 
through  an  inlet  of  far  greater  area  than  itself,  or  may  draw  it  through  a 
much  smaller  area,  with  an  increased  rapidity. 

2.  BATE  OF  MOVEMENT. 

The  direction  being  known,  it  is  only  necessary  to  measure  the  discharge 
through  the  outlets,  as  a  corresponding  quantity  of  fresh  air  must  enter. 

By  the  Anemometer. — This  is  best  done  by  an  anemometer,  or  air-meter,  of 
which  there  are  several  in  the  market.  The  one  commonly  used  is  in 
principle  that  invented  by  Combes  in  1838  :  four  little  sails,  driven  by  the 
moving  air,  turn  an  axis  with  an  endless  screw,  which  itself  turns  some  small 
toothed  wheels,  which  indicate  the  number  of  the  revolutions  of  the  axis, 
and  consequently  the  space  traversed  by  the  sails  in  a  given  time,  say  one 
minute.  M.  Neumann,  of  Paris,  modified  this  anemometer  by  omitting  most 
of  the  wheels,  and  introducing  a  delicate  watchmaker's  spring,  which  opposes 
the  force  of  the  wind,  and  when  it  equals  it,  brings  the  sails  to  a  stand-still. 
By  a  careful  graduation  (which  must  be  done  for  each  instrument),  the  rate 
per  second  is  determined,  and  is  indicated  by  a  small  dial  and  index. 

Mr.  Casella,  of  Holborn,  at  the  suggestion  of  the  late  Dr.  Parkes,  modified 
and  improved  this  instrument,  and  adapted  it  to  English  measures.  A  very 
beautiful  instrument  is  thus  available  by  which  the  movement  of  air  can 
be  measured  approximatively  very  readily. 

Casella's  air-meter  is  thus  used  : — Being  set  at  the  zero  point,  it  is  placed 
in  the  current  of  the  air ;  if  it  is  placed  in  a  tube  or  shaft,  it  should  be  put 
well  in,  but  not  quite  in  the  centre,  as  the  central  velocity  is  always  greater 
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than  that  of  the  side  ;  a  point  about  two-fifths  from  the  sides  of  the  tube 
will  give  the  mean  velocity.  The  time  when  the  sails  begin  to  move 
is  accurately  noted,  and  then,  after  a  given  time,  the  instrument  is  removed, 
and  the  movement,  in  the  time  noted,  is  given  by  the  dial  A  correction  is 
then  made,  and  the  linear  discharge  is  obtained.^  If  this  linear  discharge  is 
multiplied  by  the  section- area  of  the  tube  or  oi)ening  (expressed  in  feet  or 
decimals  of  a  foot),  the  cubic  discharge  is  obtained.  If  the  current  varies 
in  intensity,  the  movement  should  be  taken  several  times,  and  the  mean 
calculated ;  and  if  the  tube  is  so  small  that  the  sails  approach  closely  to  the 
circumference,  the  results  cannot  be  depended  on.    If  placed  at  the  mouth 

Table  to  show  the  Velocity  of  Air  in  linear  feet  per  minute.  Calculated  from  Meat- 
golfier' s  formula  ;  the  expansion  of  air  being  taken  as  0 '002  for  each  degree  Fahrenheit, 
and  one-fourth  being  dedticted  for  friction.    (Round  numbers  have  been  taken.) 
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To  use  the  table  determine  the  height  of  the  warm  column  of  air  from  the  point  of  entrance 
^  «    ^ilt  r>fT«pW^^^^  difference  between  its  temperature  and  that  of  the 

Stin^l  Sr  "  T^e  oTnumbeTf^om  table,  and  multiply  by  the  section- area  of  the  discharge- 
Sbe  or  opening,  in  feet  or  decimals  of  a  foot.  Tlie  result  is  the  discharge  m  cubic  feet  per 
tuoe  or  op«"i"B'  discharge  r>er  hour.    Example.— "R^ight  ot  column,  32  feet ; 

Sff n'ce™on?m^^  a-d  external  air,  (l  deg.    Looking  in  the  table,  we 

fold ,  o??osie  to  32  and  under  17,  375  feet.    That  would  be  for  an  area  ol  1  square  foot. 

'  3/5 

•75 


But  supposing  our  air  opening  to  be  only 
I  of  a  foot,  we  must  multiply  3^5  by  | 
or  0-75  of  a  foot. 


Tlierefore  we  get  281  feet  (per 
minute),  multiplied  by  60= 
16,860  feet  per  hour. 


281-25 


1  AU  instruments  require  correction,  as  they,  never  Sj^^  t^/^.T^^J^U?  dSer^iS^^^ 
care  must  be  taken  to  ascertain  that  the  correction  has  been  accurately  determmed,  and  they 
sliould  be  frequently  compared  with  a  standard  instrument. 
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Of  a  tube,  it  often  indicates  a  much  feebler  current  tban  really  exists  in 
the  tube.  .r^^miie  beint^  known,  the  amount  per  hour  is  got 

Ji:i:Sntt"§  S  Srdi the  ^.r^..  of  .en  the  .00., 
"^^^^Z^Z^J^^^TL  la.ge  ctle.  of  the 
Pa^  CpltaTs  sCvtog  the  movement  at  every  moment  by  means  of  an 

h''  ftun^eier  -Dr.  Sanderson  has  made  an  ingenious  alteration  of  a 
By  the  ™"<'™f''jV  ,  p^       „hirh  can  also  he  employed  to  measure  the 
manometer  described  by  PiSolet,  whicn  can  aiso  ue         j  current  of  air  is 
pressure,  and  by  calculation  the  velocr  y,  f  f '^J^j^^^h ^"^e^^^^^^^  ^^^^ 

hrit^UTiX  :?in:;nTnc";'a^ si^:  gt^s'at  once  a  measure  of 
i         Tint  as  neees  itating  a  little  calculation,  this  instrument  is  less  useful 

^^^^  i:^^  -^^iJ^asr  ^ 

'1r«nng  tl^e  movement  of  the  air  in  chimneys,  or  places  where  either 
the  he^t  or  the^dust  would  injiire  the  air-meter  a  manometer  must  be  u.ed. 
Mr.  Fletcher  describes  what  appears  to  be  a  good  one. 

By  Calculation.-SMVVOsmg  the  external  air  is  tranquil,  ^^^^/^^^^^^^ 
cause  of  movement  is  the  unequal  weights  of  the  external  colder  and  the 
internal  Warner  air,  the  amount  of  discharge  may  be  approximately  obtained 
bv  the  a™  Mon  golfier,  already  given.  There  is  a  fallacy,  however,  as  the 
amount  o7friction  can  ne^er  be  precisely  known.  Stil ,  as  an  approximation, 
andTthe  absence  of  an  anemometer,  the  rule  is  useful ;  and  the  accompany- 
iuT  table  (p.  182)  has  therefore  been  calculated.      .  ^     ^       x     ^  +  v. 

On  test^g  this  table,  however,  by  the  air-meter,  it  has  been  found  to  give 
too  much  when  the  tubes  are  long,  on  account  of  the  great  friction,  and  t  is 
therefore  advisable  to  make  a  further  deduction  of  ith  ^hen  ^^^/^^^^^^J^  ^^^^^ 
is  long,  and  is  at  the  same  time  of  small  diameter.  If  the  tube  has  any 
angles,  or  is  curved,  this  table  is  too  imperfect  to  be  used,  unless  attention  be 
paid  to  the  correction  for  friction  already  noted.  .  •    . -u  .^^^ 

If  the  movement  of  the  external  air  influences  the  movement  m  the  room, 
as  when  the  wind  blows  through  openings,  calculation  is  useless,  and  tiie 
anemometer  only  can  be  depended  on. 

SECTION  III. 
EXAMINATION  OF  THE  AIR. 

1.   BY  THE  SENSES. 

Many  impurities  are  quite  imperceptible  to  smell,  but  it  so  happens  that 
animal  organic  matters,  whether  arising  in  respiration  or  m  disease,  have  for 
the  most  part,  a  peculiar  foetid  smell,  which  is  very  perceptible  to  those 
trained  to  observe  it  when  they  enter  a  room  from  the  open  air.  This  is,  in 
fact,  a  most  delicate,  as  well  as  a  ready  way  of  detecting  such  foetid  impurities, 
and,  with  a  little  trouble,  the  sense  of  smell  may  be  cultivated  to  the  point 
of  extreme  acuteness.    Only,  it  must  be  remembered,  that  in  a  short  time  the 

1  P(Sclet,  De  la  Chalmr,  t.  i.  p.  171,  where  the  description  will  he  found. 

2  Fifth  Annual  Report  of  the  Inspector  under  the  Alkali  Act,  Blue  Book. 
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impression  is  lost,  and  is  not  at  once  regained  even  in  the  open  air.  For  a 
detailed  consideration  oi'  this  question,  see  Dr.  de  Chaumont's  papers  in  the 
Proceedings  of  the  Royal  Society,  1875  and  1876.  Among  other  points,  it  is 
shown  that  the  humidity  of  the  air  has  a  very  marked  influence  in  rendering 
the  smell  of  organic  matter  perceptible,  even  more  powerful  than  a  rise  in 
temperature.  Thus  the  effect  of  an  increase  of  one  par  cent,  in  the  humidity 
is  as  great  as  a  rise  of  4° -18  Fahr,  in  temperature,  calculated  from  the  mean 
of  458  fully  recorded  observations.^ 

As  the  evidence  of  the  senses,  however  practically  useful,  is  always  liable 
to  be  challenged,  a  more  thorough  examination  of  the  air  must  in  many  cases 
be  made. 


2.   MICROSCOPICAL  AND  CHEMICAL  EXAMINATION. 


The  points  which,  should  be  examined  are — ^ 

1.  The  existence  and  character  of  suspended  matters  as  judged  of  by  the 

miscroscope,  both  by  immediate  observation  and  after  cultivation  in 
prepared  nutrient  fluids.^ 

2.  The  amount  of  COg,  which  is  taken  as  a  convenient  measure  of  all 

impurities. 

3.  The  amount  of  the  free  or  saline  ammonia. 

4.  The  ammonia  formed  by  the  action  of  alkaline  permanganate  on 

nitrogenous  substances  floating  in  the  air  (albuminoid  ammonia).^ 

5.  The  amount  of  oxidisable  substances,  as  judged  of  by  the  amount  of 

oxygen  given  off  by  a  standard  solution  of  potassium  permanganate.'* 

6.  Amount  of  nitrous  and  nitric  acids. 

7.  The  amount  of  watery  vapour. 

8.  The  presence  of  HgS,  or  other  off'ensive  gases  and  vapours. 

9.  The  presence  or  absence  of  ozone. 


Mio'oscopical  Examination. 

1.  Suspended  Matters.^ — It  is  probable  that  the  microscopical  examination 
of  air  will  give  us  in  future  more  important  information  even  than  the 
chemical  examination.  It  is,  of  course,  a  merely  qualitative  test,  as  there  are 
no  means  of  properly  estimating  the  amount  collected. 

The  suspended  matters  may  be  collected  very  simply  by  Pouchet's  aeroscope. 
A  small  funnel  is  drawn  into  a  small  point,  below  which  is  a  slip  of  glass 
moistened  with  glycerine.  The  end  of  the  funnel  and  a  slip  of  glass  are 
inclosed  in  an  air-tight  chamber,  from  which  a  small  glass  tube  passes  out 
and  is  connected  by  india-rubber  tubing  with  an  aspirator.  As  the  water 
runs  out  through  the  aspirator,  air  passes  down  the  funnel  and  impinges  on 
the  glycerine,  which  arrests  any  solid  particles. 

As  it  is,  however,  desirable  to  avoid  glycerine,  which  may  (in  spite  of 

1  Supplementary  Note  on  tlie  Theory  of  Ventilation,  Proceedings  of  tJie  Royal  Society, 

^2\ie'amounts  of  oxygen  and  nitrogen  can  also  he  determined  ;  but  very  numerous  obser- 
vations have  shown  that  the  oxygen  often  varies  within  extremely  narrow  limits,  even  when 
there  is  no  doubt  of  the  presence  of  considerable  impurity  lu  the  air,  so  that  as  lar  as  present 
knowledge  gives,  the  determination  of  its  amount  is  no  good  guide  as  a  general  rule.  _ 

3  On  this  question,  see  Tyndall  on  Floating  Bodies  in  the  Atmosphere  ;  Miquel,  Annuatre  de 
Montsouris,  1882 :  and  Fodor,  Die  Lnft,  op.  cit.  _  j      v      i    w  „i 

i  For  these  two  processes  the  determination  of  the  organic  nitrogen  and  carbon,  by  1;  rank- 
land's  method,  may  be  substituted,  if  practicable. 

»  See  page  97  for  an  account  of  the  suspended  matters  in  air. 
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nrevious  careful  examination)  contain  foreign  particles,  a  still  better  plan  is, 
to  take  a  small  bent  tube,  wash  it  thoroughly,  dry  it,  and  heat  it  to  redness ; 
when  cool  it  should  be  placed  in  a  freezing  mixture,  an  india-rubber  tube  be 
fixed  on  one  end,  and  air  slowly  drawn  through;  the  water  of  the  air  con- 
denses in  the  tube,  and  many  of  the  solid  particles  fall  with  it.  A  drop  is 
then  taken  by  a  perfectly  clean  glass  rod,  previously  heated  to  redness,  placed 
on  a  clean  glass,  and  looked  at  with  an  immersion  lens,  as  soon  after  collec- 
tion as  possible.  p  i  •  •  ■  j.i 
Or  air  may  be  drawn  through  pure  distilled  water,  a  drop  of  whicn  is  then 

examined.  .  .    ,  .  •    ^-       x:  ^-u      •  i- 

The  late  Dr.  Watson  (Staff-Surgeon),  m  his  examination  of  the  air  at 
ITetley,!  used  fine  glass  threads  soaked  in  pure  glycerine,  or  dry,  and  crushed 
glass ;  after  the  air  was  drawn  through,  he  washed  the  glass  threads  with  pure 
water,  and  then  examined  the  water.  These  glass  threads  form  good  traps  for 
the  larger  particles.^  For  thorough  investigation,  however,  it  is  necessary  to 
carry  out  cultivation  experiments,  by  carrying  the  air  through  a  sterilised 
solution,  and  watching  carefully  the  development  of  the  different  organisms. 
Fodor  recommends  a  solution  of  isinglass,  1^  to  2  parts  in  300  to  400  of 
pure  distilled  water,  thoroughly  boiled,  and  decanted  or  filtered. 

Miquel  has  employed  a  variety  of  media,  some  proving  more  convenient 
than  others  for  different  purposes. 

An  aspirator,  to  draw  air  through  the  tubes,  is  very  easily  made  ;  a  square 
tin  vessel,  with  a  tap  below,  and  a  small  opening  above  to  receive  the  india- 
rubber  tube,  is  all  that  is  necessary ;  fill  this  with  water,  and  let  it  run  down, 
and  measure  the  total  quantity  (in  a  pint  vessel)  discharged  without  tilting 
the  vessel.  An  imperial  pint  contains  34 "659  cubic  inches,  and  one  fluid 
ounce  1-733  cubic  inches.  A  cubic  foot  is  very  nearly  1000  fluid  ounces, 
and  the  ounce  may  be  taken  as  1'728  cubic  inches.^  The  exact  delivery  of 
the  aspirator  is,  therefore,  easily  determined ;  the  air  should  be  drawn  slowly 
through  the  bent  tube  in  the  freezing  mixture  or  through  the  acroscope,  so 
that  no  particles  can  escape.  The  use  of  a  large  glass  or  earthenware  vessel 
is  perhaps  better,  as  being  less  liable  to  error  ;  a  piece  of  india-rubber  with  a 
clamp  or  pinch  cock,  and  a  double  tubed  india-rubber  cap,  are  all  that  are 
required. 

Chemical  Examination. 

2.  Estimation  of  Carbon  Dioxide. — For  our  purpose  the  method  proposed  by 
Pettenkofer  is  the  best.  A  glass  vessel  is  taken  capable  of  holding  a  gallon, 
or  4-|  litres.  The  capacity  is  determined  by  filling  it  with  water,  and  by 
measuring  the  contents  by  means  of  a  litre  or  pint  measure  (1  oz.  =  28'4 
cubic  centimetres).  Angus  Smith  recommends  extracting  the  air  from  the 
bottle  by  means  of  bellows.  But  the  most  convenient  way  is  simply  to  fill 
the  vessel  with  water  in  the  place,  the  air  of  which  is  to  be  examined,  and 
then  to  let  it  drain  for  a  little.  When  this  is  done  60  C.C.  of  clear  lime  or 
baryta  water  are  put  in,  and  the  mouth  is  closed  with  an  india-rubber  cap.* 
The  vessel  is  agitated  so  that  the  lime-water  may  run  over  the  sides,  and  then 

^  Army  Medical  Department  Report,  vol.  xi.  p.  529. 

2  I  have  found  carrying  the  air  through  a  succession  of  bottles  containing  pure  distilled 
water  the  best  plan,  for  the  sediment  is  examined  by  the  microscope,  and  the  liquid  part  can 
Defused  lor  chemical  examinations  for  organic  matter.— (F.  de  C.) 

These  numbers  are  exact  at  39°  Fahr.,  or  the  maximum  density  point  of  water, 
^^ou'd  an  india-rubber  cap  not  be  available,  a  cork  or  a  bung  may  be  used,  tied  over  with 
leather  or  oil-skin  ;  in  that  case  the  second  alkalinity  of  the  lime-water  (if  this  be  used)  should 
be  determined  as  soon  after  the  six  or  eight  hoiirs  as  possible,  certainly  within  twenty-four 
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it  is  left  to  stand  for  not  less  tlian  six  or  eight  hours  if  lime-water  be  used ; 
if  baryta-water  be  used,  the  experiment  may  be  completed  in  a  much  shorter 
time,  less  than  one  hour.  The  COg  is  absorbed  by  the  lime  or  baryta  water, 
and  consequently  the  causticity  of  these  fluids  is,  pro  tanto,  lessened.  If  the 
causticity  of  the  lime  or  baryta  is  known  before  and  after  it  has  been  placed 
in  the  vessel,  the  difference  will  give  the  amount  of  lime  or  baryta  which  has 
become  united  with  COg. 

The  causticity  of  lime  is  determined  by  means  of  a  solution  of  crystallised 
oxaHc  acid,i  1  C.C.  of  which  exactly  neutralises  1  milligramme  ('001  gramme) 
of  lime  ;  30  C.C.  of  lime  water  are  taken,  and  exactly  neutralised ;  good 
turmeric  paper  is  the  best  plan  that  is  usually  available  for  determining  the 
exact  point  of  neutralisation,  and  the  margin  of  the  drop  gives  the  most 
delicate  indication,  Eosolic  acid  has,  however,  been  recommended,  and  also 
the  solution  of  metaphenylene-diamine ;  the  latter  gives  very  exact  indications. 
The  amount  of  lime  in  the  30  C.C.  is  then  equal  to  the  number  of  C.C.  of 
oxalic  acid  used ;  it  is  always  somewhere  between  34  and  41  milligrammes.^ 
After  the  lime  has  absorbed  the  COg  of  the  air  in  the  vessel,  30  C.C.  of  the 
solution  are  taken  out  and  tested  with  the  oxalic  acid  solution  as  before  ;  the 
difference  shows  the  milligrammes  of  lime  precipitated  by  the  COg.  Multiply 
the  difference  by  0-795,  the  result  is  the  C.C.  of  COg  in  the  quantity  of  air 
examined.  Deduct  60  C.C.  from  the  total  capacity  of  the  jar  (to  account  for 
the  space  occupied  by  the  lime-water  put  in),  and  state  the  capacity  m  litres 
and  decimals  :  divide  the  C.C.  of  COg  obtained  by  the  corrected  capacity  of 
the  jar;  the  quotient  is  the  C.C.  of  COg  per  1000  volumes  of  air. 

Example— Th&  first  alkalinity  of  lime-water  )       gg.      gQ  q_q_ 

was,      .       .       .  •  j 

After  exposure  to  the  air  in  the  )  gg. 

jar  it  was,     .       .       .       .  j 
Difference,  being  milligrammes  oi\        6-  precipitated  by  CUg 

hme,  j  ill  jar. 

Multiply  by  factor,     .       .       .  0795 

4-770  =  Total  COg  in  jar  in 
C.C. 

Capacity  of  jar,       .       '       '     ^'  y    •       '  ^^f^^'^' 
Deduct  60  CC.  for  space  taken  up  by  lime-water,  60 

Netcaacity  .       .       •       •      =  4325  C.C.  =4-325  Htres. 

Then  4T7O  4-  4-325  =  M03  C.C.  of  COg  per  litre,  or  volumes  per  1000. 
The  factor  0-795  is  obtained  as  follows  :-The  difference  between  the  two 
alkalinities  expresses  milHgrammes  of  lime  precipitated       COg ;  from  this 
the  milligrammes  of  COg  can  be  got,  by  calculating  from  the  ratios  of  the 
equivalents,  thus : 

CaO.  CO2.  Mgm.ofCaO.   Mgm.  of  CO^. 

56      :     44       ::       a       :       x     :     r.  ^^^Xgg- 
As  one  C.C.  of  COg  at  32°  Tahr.  (0°.  cent.)  weighs  1-9767  milligrammes, 
the  ratio  between  weight  and  volimie  is  =  0  506 ; .  - .  a;  x  0-506  =  C.C. 


1  See  Appendix  A. 

2  The  amount  va 
at  60  •?  the  amount 
every  degree  above  (Fahr.) 


fries  with  the  temperature,  lime  being  less  soluble  in  tY"",^?/*^  o'f  for 
i  is  38  6  with  a  diftirence  of  +0-1  for  every  degree  below  that,  and-0  1  for 


CHEMICAL  EXAMINATION  OF  AIK. 


187 


of  CO  correspondms  to  the  milligrammes  by  weight.  As  60  C.C.  of  lime- 
watei  C  pnt  into  the  jar,  and  only  30  CO.  taken,  the  result  must  be  mul- 
tiplied by  2.  Therefore  the  factors  combined  are  :  —  x  0  506  x  2  =  0-795, 
and  this,  multiplied  by  a,  the  difference  between  the  two  alkalinities,  gives 
X  the  total  C.C.  of  CO2  in  the  jar.  o     ^  ■>  a 

'  If  baryta  be  used  instead  of  hme,  it  must  be  free  from  traces  of  potash  and 
soda;  a  much  smaller  quantity  of  liquid  may  be  employed,  as  it  is  so  much 
more  soluble  than  lime ;  the  calculation  is  the  same. 

A  correction  for  the  temperature  of  the  air  examined  must  be  made,  the 
standard  being  32°  Fahr.,  or  0°C.,  the  freezing-point  of  water  If  the 
temperature  be  above  this  (as  it  wiU  generally  be,  at  least  m  buildings)  the 
air  wdl  be  expanded,  and  a  smaller  quantity,  by  weight,  consequently,  wiii 
be  operated  on.  On  the  other  hand,  below  32°  the  air  will  be  contracted, 
and  a  larger  quantity,  by  weight,  operated  on  than  at  the  standard  temperature. 
This  can^e  corrected  by  adding  0-2  per  cent,  to  the  result  for  every  degree 
above  32°,  and  subtracting  it  for  every  degree  below ;  the  reason  being  that 
air  ex]pands  or  contracts  0-2  per  cent,  for  every  degree  (or  1  per  cent,  for 
every  5  degrees)  it  deviates  from  the  standard. 

Example.— In  the  preceding  example  the  CO2  was  found  to  be  1-103  per 
1000.  Suppose  the  temperature  to  have  been  60°  Fahr.,  then  60  -  32  =  28° 
to  be  corrected  for ;  28  x  0-2  =  5-6  per  cent,  to  be  added  on  to  result,  or  the 
result  must  be  multiplied  by  1  4-  -056  =  1*056, .-.  1-103  x  1-056  =  1-154  per 
1000,  the  corrected  result.  Suppose  the  temperature  had  been  25°  Fahr.,  then 
32  -  25  =  7°  to  be  corrected  for ;  7  x  0*2  =  1*4  per  cent,  to  be  deducted,  or  the 
result  must  be  multiplied  by  1-00  - -014  =  0-986,  1-103  x0-986  =  1-087, 
the  corrected  result. 

A  correction  for  pressure  is  not  necessary,  unless  the  place  of  observation 
be  much  removed  from  sea-level;  in  that  case,  the  barometer  must  be 
observed,  and  a  rule  of  three  stated. 


As  standard  height  of  bar  :  I  J  observed  height  )  .  .  „ 
(  =  29-92  in.  =  760  mm.) :  j  (       of  bar  :       |  •  •  « 


X. 


It  must  be  understood  that  none  of  the  methods  hitherto  used  for  the 
determination  of  COg  in  the  air  give  quite  accurate  results,  but  the  above  is 
the  most  convenient  for  ordinary  use  and  is  sufficiently  accurate  for  practical 
purposes.  The  results  differ  considerably  if  the  quantities  of  air  treated  vary, 
therefore  uniformity  in  this  point  is  desirable. 

Dr.  W.  Hesse  (of  Schwarzenberg)  has  devised  an  ingenious  portable 
apparatus  for  determination  of  COg,  but  the  quantities  of  air  treated  seem 
rather  too  small  The  apparatus  includes  the  various  apparatus  necessary  for 
measuring  cubic  space,  determining  air  currents,  ascertaining  the  COg,  and 
observing  the  humidity  (by  Wolpert's  hygrometer). 

3.  and  4.  Estimation  of  Free  Ammonia  and  of  the  Nitrogenous  Matter  in 
Airhy  conversion  into  Albuminoid  Ammonia. — The  nitrogenous  matter  exist- 
ing in  air  may  be  in  the  form  of  dead  or  living  matter  of  very  various  kinds. 
Its  determination  may  be  useful  as  showing  that  one  or  other  of  these  classes 
of  substances  exists  in  the  air  in  proportions  greater  than  in  pure  air.  The 
amount  of  nitrogen  may  be  estimated  in  a  similar  manner  to  that  proposed 
by  Wanklyn  and  Chapman  for  water.  The  late  Mr.  Chapman/  finding  that 
water  did  not  sufficiently  absorb  the  nitrogenous  substances  in  air,  proposed 
to  heat  finely-powdered  pumice-stone  to  redness,  to  moisten  it  with  pure 


1  Chemical  News,  Feb.  11,  1870. 
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water,  and  then  to  place  it  over  some  coarse  pieces  of  pumice-stone  supported 
on  wire  in  a  funnel;  a  definite  quantity  of  air  (say  100  litres)  is  then  drawn 
through  the  funnel ;  the  pumice-stone  is  transferred  to  a  retort  containing 
water  freed  from  ammonia,  and  distilled  as  in  the  determination  of  the 
albuminoid  annnnnia  of  water.  Dr.  Angus  ymithi  takes  a  bottle  of  about 
2000  C.C.  capacity,  places  in  it  30-50  C.C.  of  the  purest  water,  draws  into 
it  the  air  to  be  examined,  and  then  agitates  the  water  in  the  bottle,  and 
proceeds  as  in  Wanklyn's  and  Chapman's  water  test.  The  most  convenient 
way  is  to  draw  the  air  by  means  of  a  measured  aspirator,  through  a  succes- 
sion of  wash  bottles,  each  containing  100  C.C.  of  water,  perfectly  free  from 
ammonia,  and  then  to  determine  the  free  and  albuminoid  NHg  by  Wanklyn's 
method. 

Another  plan  is  to  lead  a  definite  quantity  of  air  through  a  clean  curved 
tube,  surrounded  by  a  freezing  mixture ;  the  water  of  the  air  condenses,  and 
with  it  much  of  the  organic  matter ;  the  tube  is  then  washed  out  with  pure 
water,  the  washings  are  put  into  a  retort  with  ammonia-free  water,  and 
distilled  as  usual.  After  passing  through  the  tube  the  air  should  be  led 
through  pure  water  to  arrest  the  portion  of  organic  matter  that  always 
escapes  condensation. 

The  amount  of  ammonia  (free  and  albuminoid)  is  determined  as  in  water 
analysis.  The  mere  presence  of  free  ammonia  may  be  determined  by 
exposing  strips  of  filtering  paper,  dipped  in  Nessler's  solution  or  in  etherial 
solution  of  the  alcoholic  extract  of  logwood :  the  former  becomes  yellow,  the 
latter  purple. 

The  quantity  of  air  drawn  through  must,  of  course,  be  accurately  determined 
by  a  properly  arranged  aspirator,  and  the  results  then  calculated  in  milli- 
grammes per  cubic  metre.^ 

5.  Estimation  of  the  Oxidisahle  Matters  in  the  Air  in  terms  of  Oxygen.' — In 
this  case  a  definite  quantity  of  air  is  drawn  through  a  solution  of  permanganate 
of  potassium  of  known  strength,  and  the  amount  of  undecomposed  perman- 
ganate is  determined  by  oxalic  acid.  Or  part  of  the  w^ater  through  which 
the  air  has  been  drawn  for  the  ammonia  determinations  may  be  examined  in 
the  same  way  as  in  the  case  of  drinking  water.  The  permanganate  acts  upon 
various  matters  in  the  air,  besides  the  putrescible  organic  matters,  such 
as  hydrogen  sulphide,  nitrous  acid,  tarry  matters,  &c.  The  presence  or 
absence  of  HgS  may  be  determined  qualitatively  by  means  of  acetate  of  lead 
papers,  ammonium  sulphide  by  paper  dipped  in  nitroprusside  of  sodium ; 
whilst  tarry  matters  would  generally  be  recognised  by  the  smell  of  the  water, 
or  its  turbidity.  In  the  absence  of  these  the  difference  between  the  perman- 
ganate determinations,  before  and  after  boihng  with  sulphuric  acid,  may  be 
calculated  as  nitrous  acid,  as  in  the  case  of  drinking  water ;  whilst  the  result 
after  boiling  may  be  reckoned  as  the  oxygen  for  oxidisable  organic  matter  only.^ 

6.  The  Nitrous  and  Nitric  Acids  may  also  be  determined,  in  the  same 
way  as  in  drinking  water,  from  the  washings  of  the  air. obtained  as  above. 

All  these  determinations  should  be  made,  when  opportunities  offer,  as  the 
results  may  prove  hereafter  of  some  value. 

7.  Watery  Vapour. — The  hygrometric  condition  of  the  air  is  ascertained 
in  various  ways,  especially  by  the  dry  and  wet  bulb  thermometer,  or  by  Dines' 
direct  hygrometer.  The  hair  hygrometer  of  Saussure  is  also  a  useful  instru- 
ment for  this  purpose,  as  it  marks  the  degree  of  humidity  very  quickly. 
Wolpert's  horse-hair  hygrometer  may  also  be  used. 

8.  The  presence  of  HgS,  &c.  has  been  referred  to  above.  

1  Air  and  Ruin,  p.  421.  2  Que  cubic  metre  equals  1000  litres,  or  1,000,000  C.C. 

3  See  Reports  on  St.  Mary's  Hospital,  by  Dr.  F.  de  Chaumont. 
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SECTION  IV. 

SCHEME  FOR  THE  APPLICATION  OF  THE  FOREGOING  RULES. 

When  a  ventilation  inquiry  is  about  to  be  made,  everything  ought  to  be 
got  ready  beforehand.  A  number  of  bottles  (about  4  to  litres),  or  glass 
jars  ouo-ht  to  be  carefully  measured,  and  the  capacity  m  C.C.  (less  60  0.0. 
to  account  for  the  lime-water)  marked  upon  them ;  each  bottle  ought  also  to 
have  a  closely  fitting  india-rubber  cap  and  a  distinctive  number.  These 
bottles  are  to  be  used  for  collecting  the  samples  of  air  for  CO2.  Charges  of 
lime-water  (or  baryta- water)  (each  60  C.C.)  ought  to  be  carefully  measured  off 
with  a  burette,  or  graduated  pipette,  into  small  stoppered  bottles.  Two  or 
more  sets  of  wet  and  dry  bulb  thermometers  ought  to  be  ready,  and  two  or 
more  series  of  not  less  than  six  bottles,  each  containing  about  100  C.C.  of 
pure  distilled  water,  connected  together  with  glass  tubes  and  india-rubber 
caps ;  also  four  or  more  aspirators  for  drawing  the  air  through  the  bottles. 
One  of  Casella's  small  air  meters,  with  a  long  pole  in  joints,  into  which  it  can 
be  screwed,  a  measuring  taps  and  foot  rule,  a  pocket  compass,  some  pieces  of 
cotton-velvet,  a  note-book,  are  also  necessary. 

When  a  room  has  to  be  examined,  enter  it  after  being  some  time  in  the 
open  air,  and  notice  if  there  be  any  smell ;  record  the  sensation  at  once  in 
your  notes.  Hang  up  the  wet  and  dry  bulb  thermometer  (if  it  has  not  been 
placed  there  before),  and  then  proceed  to  take  samples  of  the  air  for  COg ;  fill 
the  jars  with  water,  empty  them,  and  allow  them  to  drain  ;  then  pour  into  each 
jar  the  lime-water  from  one  of  the  small  bottles,  put  on  the  india-rubber  cap, 
and  shake  it  up.  Always  take  tiuo  samples  at  least,  and  more  if  a  large  room. 
Note  the  numbers  of  the  bottles.  Take  the  wet  and  dry  bulb  readings. 
Arrange  the  set  of  bottles  with  distilled  water  in  some  convenient  place,  and 
attach  them  to  one  of  the  aspirators,  which  may  be  allowed  to  flow  into 
another  below  it.  When  the  upper  one  is  empty  it  may  be  changed  for  the 
lower  one,  and  so  the  stream  of  air  maybe  carried  on  for  any  length  of  time, 
as  seems  necessarv,- — the  number  of  times  the  aspirators  are  changed  should 
be  duly  noted.  In  determining  the  carbon  dioxide,  put  out  all  the  lights,  or 
have  only  sufficient  for  working  purposes  ;  allow  no  smoking,  and  have  no 
person  in  the  room  but  those  who  are  sleeping  there.  The  aspirators  may  be 
allowed  to  go  on  continuously,  but  the  examination  of  the  air  for  COg  ought 
to  be  repeated  at  intervals,  the  exact  time  of  observations  being  noted.  At 
the  same  time,  similar  observations  ought  to  be  made  in  the  open  air,  as  nearly 
as  possible  simultaneously  with  those  inside.  At  some  convenient  time  the 
measurements  of  the  room  and  the  ventilators,  the  velocities  of  the  currents 
of  air,  &c.,  should  be  taken  on  some  such  plan  as  the  following  : — Measure 
the  cubic  space,  then  consider  the  possible  sources  of  entrance  and  exit  of  air  ; 
if  there  are  only  doors  and  windows,  notice  the  distance  between  them,  how 
they  open,  on  what  external  place  they  open ;  whether  there  is  free  passage 
of  air  from  side  to  side  ;  whether  it  is  likely  the  air  will  be  properly 
distributed.  On  all  these  points  an  opinion  is  soon  arrived  at.  If  there  are 
other  openings,  measure  them  all  carefully,,  so  as  to  get  their  superficies  ;  the 
chimney  must  be  measured  at  its  throat  or  smallest  pai-t.  Determine  then 
the  direction  of  movement  of  air  through  these  openings  by  smoke,  notin^ 
the  apparent  rapidity.  The  doors  and  windows  should  be  closed.  When 
th.e  inlets  have  been  discovered,  consider  whether  the  air  is  drawn  from  a 
pure  external  source,  and  whether  there  is  proper  distribution  in  the  room. 
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Then  measure  the  amount  of  movement  in  both  inlets  and  outlets  with  the 
anemometer,  or  calculate  by  the  table  if  it  seems  safe  to  do  so. 

If  the  ventilation  of  the  room  is  influenced  by  the  wind,  the  horizontal 
movement  of  the  external  air  should  be  determined  by  Eobinson's  anemo- 
meter, or  the  little  air-meter  by  Casella  may  be  also  used  for  this  purpose, 
unless  the  wind  be  very  strong. 

In  recording  the  velocity  of  the  air  at  any  openings,  it  is  convenient  to 
mark  an  incoming  current  with  a  plus  sign  and  an  outgoing  with  a  minun, 
thus: +  75  would  mean  an  incoming  current  at  the  rate  of  75  feet  per 
minute ;  whilst  -  63  would  mean  an  outgoing  current  at  63  feet  per  minute. 

When  the  tinal  analyses  are  made,  and  the  amount  of  COg  determined,  the 
amount  of  air  per  head  per  hour,  supplied  and  utilised,  ought  to  be  calculated 
out  (as  before  explained),  and  compared  with  the  amount  of  movement 
determined  with  the  air-meter.  If  the  quantities  accord  fairly,  the  distribu- 
tion may  be  considered  good ;  on  the  other  hand,  if  they  differ,  an  excess  by 
the  air-meter  shows  bad  distribution,  whilst  a  deficiency  indicates  some  other 
source  of  incoming  air  not  yet  observed. 

The  water,  through  which  the  air  has  been  passed  by  the  aspirator,  ought 
to  be  examined  at  once,  if  practicable  ;  if  not,  the  bottles  ought  to  be  care- 
fully stoppered,  and  the  stoppers  tied  down  with  leather  or  strong  linen, — 
when  convenient,  the  sediment  should  be  examined  microscopically,  and  the 
water  (when  the  sediment  has  subsided)  chemically  as  before  explained.  The 
sediment  or  a  portion  of  the  water  should  be  put  into  a  cultivating  solution 
for  further  investigation,  if  opportunity  affords. 


CHAPTER  y. 


FOOD. 

SECTION  1. 
GENERAL  PRINCIPLES  OF  DIET. 

In  the  widest  acceptation  of  the  term,  Food  includes  every  thing  ingested, 
which  goes  directly  or  indirectly  to  the  growth  or  repair  of  the  body,  or  to 
the  production  of  energy  in  any  form.  In  this  way  it  would  include  not 
only  those  organic  and  mineral  solids  and  the  usual  beverages  recognised  as 
dietetic,  but  also  water  and  air.  For  it  is  quite  obvious  that  without  water 
no  function  of  the  living  body  would  be  possible,  whilst  the  production  of 
energy  is  mainly,  if  not  entirely,  caused  by  the  union  of  the  atmospheric 
oxygen  with  the  organic  matter  of  the  food  or  the  tissues  of  the  body  itself. 
Although  these  facts  are  distinctly  recognised,  it  has  generally  been  the 
practice  to  restrict  the  term  "  food  "  to  those  substances  which  are  capable  of 
oxidation,  or  those  which  act  as  directors  or  regulators  of  nutrition,  to  tbe 
exclusion  of  air  and  water ;  these  two  last  being  usually  considered  under 
separate  heads.  JSTo  one  group  even  of  this  rough  classification  is  capable 
of  sustaining  healthy  life  alone,  and  a  combination  of  all,  or  nearly  all,  the 
different  constituents  of  diet  is  required  to  accomplish  the  best  results.  It  is 
also  necessary  to  limit  the  appellation,  "food,"  so  as  to  exclude  generally 
medicines  and  poisons,  which,  on  the  one  hand,  either  act,  or  are  intended  to 
act,  upon  processes  of  unhealthy  nutrition,  or,  on  the  other  hand,  prevent  the 
processes  of  healthy  nutrition,  and  so  induce  unhealthy  nutrition,  and  ulti- 
mately dissolution.  Even  here  the  line  cannot  be  too  strictly  drawn,  for  in 
many  cases  it  is  a  question  more  of  quantity  than  kind  that  determines  the 
direction  of  the  action. 

The  enumeration  and  classification  of  the  foods  or  aliments  necessary  to 
maintain  human  life  in  its  most  perfect  state  have  been  usually  based  on  the 
deduction  of  Prout^  that  milk  contains  all  the  necessary  aliments^  and  in  the 
best  form.  The  substances  in  milk  are — 1st,  the  nitrogenous  matters^  viz., 
the  casein  principally,  and  in  smaller  quantities,  albumin,  lacto-protein,  and 
perhaps  other  albuminous  bodies ;  2nd,  the  fat  and  oil ;  3rd,  sugar  in  the  form 
of  lactin ;  4th,  water  and  salts,  the  latter  being  especially  combinations  of 
magnesium,  calcium,  potassium,  sodium,  and  iron,  with  chlorine,  phosphoric 
acid,  and  in  smaller  quantities  sulphuric  acid. 

In  addition  to  their  occurrence  in  milk,  which  is  admitted  to  be  a  perfect 
food  for  the  young,  this  enumeration  of  aliments  appears  to  be  justified  by 
two  considerations.  First,  that  the  different  members  of  each  class,  inter  se, 
have  a  remarkably  similar  composition,  while  there  are  broad  lines  of 
physical  and  chemical  demarcation  between  the  classes ;  and  secondly,  that 
the  different  classes  appear  to  serve  different  purposes  in  nutrition,  and  are 
all  necessary  for  perfect  health. 

The  first  point,  the  similarity  of  composition  among  the  different  members 
of  the  same  class,  is  obvious  enough.    The  nitrogenous  aliments  are  blood- 
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fibrin,  muscle-fibrin  or  syntonin,  myosin,  vegetable  fibrin,  albumin  in  its 
various  forms,  casein  (in  its  animal  and  vegetable  forms),  and  globulin 
Their  composition,  &c.,  are  remarkably  uniform  ;  they  contain  between  15-4 
and  16-5  per  cent,  of  nitrogen,  and  maybe  conveniently  distinguished  by  the 
common  term  of  albuminates.  They  can  replace  each  other  in  nutrition. 
There  are  some  other  nitrogenous  bodies,  such  as  gelatin  and  chondrin,  and 
the  substances  classed  under  keratin  or  elastin,  wliich,  though  approaching  in 
chemical  characters  to  the  other  substances,  are  not  their  nutritive  equals. 

The  second  class  consists  of  the  various  animal  and  vegetable  fats,  wax 
&c.,  the  composition  of  which  is  very  uniform,  and  the  chief  nutritive 
differences  of  which  depend  on  physical  conditions  of  form  or  aggregation, 
which  conditions  cause  some  fats,  when  acted  upon  by  the  alimentary  fluids, 
to  be  more  easily  absorbed  than  others. 

The  group  of  the  starchy  and  saccharine  substances  (the  carbo-hydrates),  or 
of  their  allies  or  derivatives  (dextrin,  pectin),  is  equally  well  characterised  bv 
chemical  resemblances,  inter  se,  and  differences  from  the  other  groups.  The 
several  dietetic  starches,  sugars,  including  lactin,  cellulose  (whose  want  of 
nutritive  power  is  dependent  on  form  and  aggregation,  and  which  requires  for 
digestion  a  more  elaborate  apparatus  than  some  animals  possess),  and  the 
various  derivatives  of  the  starches,  are  all  closely  allied.  There  has  been 
some  doubt  whether  pectin  should  be  classed  chemically  with  the  sugar  and 
starch  group,  as  the  oxygen  and  hydrogen  are  not  in  the  proportions  to  form 
water,  but  this  is  perhaps  no  objection  to  its  association  in  a  dietetic  classifica- 
tion. 

The  fourth  class,  consisting  of  the  salts  already  noted  and  of  water,  needs 
no  comment. 

The  physiological  evidence  that  these  classes  of  aliments  serve  different 
purposes  in  nutrition  is  not  so  complete  as  that  of  their  chemical  differences. 

A  broad  distinction  must,  of  course,  be  drawn  between  the  nitrogenous  and 
non-nitrogenous  substances.  Late  researches,  which  have  much  modified  our 
opinion  of  the  direction  in  which  the  potential  energy  of  the  dietetic 
principles  may  be  manifested  (as  heat,  or  electricity,  or  mechanical  move- 
ment), and  of  the  mode  in  which  the  nitrogenous  substances  in  particular, 
aid  or  restrain  this  transformation,  do  not  impeach  the  proposition  that  the 
jjresence  of  nitrogen  in  an  organised  structure,  and  its  participation  in  the 
action  going  on  there,  is  a  necessary  condition  for  the  manifestation  of  any 
energy,  or  any  chemical  change.  Whether,  when  energy  is,  manifested,  the 
nitroo-enous  framework  of  any  nitrogenous  structure  is  a  mere  stage  on  which 
other  actors  play,  or  whether  it  is  used  up  and  destroyed,  or  is,  on  the  other 
hand,  built  up  or  renovated  during  action,  is,  so  far  as  classification  of  food 
is  concerned,  a  matter  of  no  consequence. 

'  The  following  considerations  seem  to  prove  the  necessary  participation  of 
the  nitrogenous  structures  in  manifestations  of  energy.  Every  structure  in 
the  body  in  which  any  form  of  energy  is  manifested  (heat,  mechanical 
motion,  chemical  or  electrical  action,  &c.)  is  nitrogenous.  The  nerves,  the 
muscles,  the  gland  cells,  the  floating  cells  in  the  various  liquids,  the  semen 
and  the  ovarian  cells,  are  all  nitrogenous.  Even  the  non-cellular  liquids 
passing  out  into  the  alimentary  canal  at  various  points,  which  have  so  great 
an  action  in  preparing  the  food  in  different  ways,  are  not  only  nitrogenous, 
but  the  constancy  of  this  implies  the  necessity  of  the  nitrogen,  in  order  that 
these  actions  shall  be  performed ;  and  the  same  constancy  of  the  presence  of 
nitrogen,  when  function  is  performed,  is  apparently  traceable  through  the 
whole  world.  Surely  such  constancy  proves  necessity.  Then,  if  the  nitrogen 
be  cut  off  from  the  body,  the  various  functions  languish.    This  does  not 
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.PPnr  nt  oTioe  for  every  body  contains  a  store  of  nitrogen,  but  it  is  at  lengtb 
ne'taW^^^^^^  --^^^  *°  ^  manifestatum  of  the 

^neSes  of  the  various  organs,  more  nitrogen  must  be  supphed  The  experi- 
3  of  Pettenkofer  and  Voit  show  that  the  nitrogenous  substances  compos- 
^g  the  textures  of  the  body  determine  the  absorption  of  oxygemi  The 
ondensation  of  the  oxygen  from  the  atmosphere,  its  conversion  into  its  active 
oSn  (ozone),  and  its  application  to  oxidation,  are  according  to  their 
Sneriments  entirely  under  the  control  of  the  nitrogenous  tissues  (fixed  and 
loatincr),  and  are  apparently  proportional  to  their  size  and  vigour  ^  and _  to 
jhan-es  occurring  in  them  The  absorption  of  oxygen  does  not  determine 
the  changes  in  the  tissues,  but  the  changes  in  the  tissues  determine  the 
absorption  of  oxygen.  In  other  words,  without  the  participation  of  the 
nitrogenous  bodies,  no  oxidation  and  no  manifestation  of  energy  is  possible. 
The  experiments  show  that  the  absorption  of  oxygen  by  the  lungs  (blood- 
composition,  and  physical  conditions  of  pressure,  &c.,  remaining  constant)  is 
dependent  on  its  disposal  in  the  body,  and  that  this  disposal  is  m  direct 
relation  with  the  absolute  and  relative  amount  and  action  of  the  nitrogenous 
structures.  Mechanical  motion,  electricity,  or  heat  may  be  owing  to  oxida- 
tion of  fat  or  of  starch,  or  of  nitrogenous  substance ;  but  whatever  be  the 
jfinal  source,  the  direction  is  given  by  the  nitrogenous  structures. 

The  next  point  is  not  quite  so  clear.  Are  the  non-nitrogenous  bodies,  the 
fats  and  the  starches,  to  be  again  broadly  separated  into  two  groups,  which 
cannot  replace  each  other ;  or,  are  these  nutritively  convertible  1  It  is  now 
certain  that  fat  may  arise  from  albuminates,  so  that  the  nitrogenous  substance 
.plays  two  parts— first,  that  of  the  organic  framework,  i.e.,  of  the  regulator  of 
oxidation  and  of  transformation  of  energy  :  and,  second,  it  may  form  a  non- 
nitrogenous  substance  which  is  oxidised  and  transformed. 

The  experiments  of  Edward  Smith,  Pick  and  Wislicenus,  Haughton,  and 
others,  on  muscular  action,  prove  that  we  must  look  for  the  main  source  of 
energy  which  is  apparent  during  muscular  action  in  the  oxidation  of  non- 
nitrogenous  substances,  but  no  experiments  have  yet  shown  whether  these  are 
fatty  or  saccharine.  It  seems  to  be  inferred  that  it  is  fat  which  is  thus 
chiefly  acted  upon ;  but  this  opinion  is  rather  derived  from  a  reference  to  the 
universal  presence  of  fat  when  energy  is  manifested,  to  the  known  necessity 
of  it  in  diet  (for  though  the  dog  and  the  rat  (Savory)  can  live  on  fat-free 
meat  alone,  man  cannot  do  so),^  and  from  the  large  amount  of  energy  its 
oxidation  can  produce,  than  from  actual  observation.  If  it  were  true,  a  broad 
distinction  would  be  at  once  drawn  between  fatty  and  starchy  food,  but  it  is 
not  experimentally  proved.  If,  on  the  other  hand,  it  were  certain  that  the 
starchy  ahments  formed  fat  in  the  human  body  as  a  rule,  this  would  be  a 
reason  for  drawing  no  distinction  between  the  groups.  Independent  of  the 
argument  drawn  from  bees  fed  on  sugar  alone  and  forming  wax,  from  the 
fattening  of  ducks  and  geese,  and  the  older  experiments  on  pigs,  the  later 
experiments  of  Lawes  and  Gilbert  seem  to  show  clearly  that  the  fat  stored 
up  in  fattened  pigs  cannot  be  derived  from  the  fat  given  in  the  food,  but 
must  have  been  produced  partly  from  nitrogenous  substances,  but  chiefly 
from  the  carbo-hydrates.    So  also  it  seems  now  probable  that  the  fat  in  milk 

1  Zedtsch.  fii/r  Biologie,  Band  ii.  p.  457.  See  especially,  the  summary  of  their  opinion  at 
page  .071. 

2  When  to  a  diet  of  meat,  which  causes  a  certain  absorption  of  oxygen,  fat  or  sugar  is  added, 
the  absorption  of  oxygen  lessens  (Ranke,  Phys.  des  Menschen,  1868,  p.  145)  ;  so  that  it  is  rela- 
tive as  well  as  absolute  amount  which  comes  into  play. 

3  Ranke  could  not  maintain  himself  in  perfect  nutrition  on  meat  alone. — Physiol,  des 
Menschen,  1868,  p.  149. 

*  On  the  Sources  of  the  Fat  in  the  Animal  Body,  Phil.  Mag.,  Dec.  1866. 
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Wood,  but  from  changes  of  albumin  in  th. 
lacteal  gland-cells.  There  seems  no  reason  why  we  should  not  exL  It 
inference  to  man.  If  so,  a  man  could  live  fn  perfect  LltL  on  a  dt? 
composed  only  of  fat-free  meat  and  starch,  with  salts  and  water  Zt  Jt 
call  certainly  live  (though  perhaps  not  in  'the  highest  health)  on  reat  fat 
ahs,  and  water     The  carbo-hydrates  would  then  be  proved  to  bT  able  |^ 

2^Tl  1  V-^^'  experiment  has  not  yet  been  performed  or  at  lea^t 
recorded,  but  it  seems  important  it  should  be 

.JfZJf^l^^'^r'''^?^'  '^^^^^       carbo-hydrates  may 

split  up  m  the  alimentary  canal  into  glycerine,  lactic,  and  butyric  acids,  and 
carbon  dioxide  and  marsh  gas.  If  this  be  true,  in  th;  herbivora  the  sta  ches 
would  bo  merely  another  form  of  fat.  ^idicnes 

An  argument  against  the  fats  and  carbo-hydrates  being  mutually  replaceable 
under  ordinary  conditions  in  the  diet  of  men  is  drawn'from  a  c3 e  Zn 
of  the  diets  used  by  all  nations.  In  no  case  in  which  it  can  be  obtained  is  an 
admixture  of  starch,  m  some  form,  with  fat  omitted.    Moreover,  in  all  cases 

&lf\'  ?r     .''5';^!.*^'  ^^d^r  particular  con- 

ditions of  food)  we  find  that  the  amount  of  fat  taken  is  comparatively  small 
as  compared  with  that  of  starches.    The  fats  when  taken  into  the  body  enter 
hke  the  albuminates  into  the  structure  of  the  tissues,i  of  which  fat  forms  iu 
probably  all  cases  an  essential  part.    The  carbo-hydrates,  on  the  other  hand 
m  the  human  body  do  not  appear  to  be  parts  of  the  tissues,  though  they  are 
contained  m  the  fluids  which  bathe  them,  or  are  contained  in  them  The 
special  direction  which  the  chemical  changes  in  the  carbo-hydrates  take 
m  the  body,  seem  also  to  point  to  special  duties.    Thus,  the  formation  of 
lactic  and  other  acids  of  the  same  class  must  arise  from  carbo-hydrates 
chiefly  or  solely.    But  the  formation  of  these  acids  is  certainly  most 
important  m  nutrition,  for  the  various  reaction  of  the  fluids  which  ofi"er 
so  striking  a  contrast  (the  alkalinity  of  the  blood,  the  acidity  of  most  mucous 
secretions  of  the  sweat,  urine,  &c.),  must  be  chiefly  owing  to  the  action  of 
lactic  acid  on  the  phosphates,  or  the  chlorides,  and  to  the  ease  with  which  it 
is  oxidised  and  removed.    If  the  direction  of  the  changes  which  the  carbo- 
hydrates undergo  within  the  body  is  diff-erent  from  that  of  the  fats,  the  pro- 
ducts of  these  changes  must  be  inferred  to  play  dissimilar  parts. 

Without  pushing  these  arguments  too  far,  and  with  the  admission  that  the 
subject  IS  still  obscure,  we  are  fairly  entitled  to  assert  that  the  two  groups  of 
fats  and  carbo-hydrates  are  not  so  immediately  and  completely  convertible  as  to 
permit  us  to  place  them  together  in  a  classification  of  diets. 

In  the  second  question  to  which  reference  was  made,  viz.,  that  of  a  nitro- 
genous substance  furnishing  fat,  or  a  carbo-hydrate,  the  case  is  simpler.  The 
experiments  of  Voit,  and  of  Lawes  and  Gilbert,  as  well  as  other  considerations, 
prove  that  the  fat  of  tissues  may  be  derived  from  nitrogenous  substances,  and 
there  are  reasons  to  believe  that  a  gly oogenous  substance  may  also  be  derived 
from  albuminates.2  It  is  also  probable,  though  not  proved,  that  these  non- 
nitrogenous  derivatives  may  be  burnt  up  in  the  muscles  and  other  parts,  as 
Pick  conjectures. 2  But  this  cannot  allow  us  to  consider  an  albuminate  as  an 
aliment  which  may  replace  fat  or  starch  in  the  case  of  man.    The  digestive 

^  The  fats  appear  to  pass  into  the  body  directly  and  after  saponification,  which  renders 
absorption  easy.  The  soap  is  then,  according  to  Eadziejewski's  experiments  (Virchow's  Archiv, 
Band  xliii.  p.  268),  reconverted  into  fat.  It  has  been  supposed  that  the  greater  part  of  the 
tissue  fat  (fat  cells)  is  not  derived  in  this  way,  but  from  the  tissue  albuminates  ;  but  Hofmann's 
experiments  and  reasonings  {Zeitsch.  fur  Biol.,  Band  viii.  p.  153),  seem  to  show  that  the 
ingested  fats  are  stored  up  largely.    Clinical  observations  certainly  support  this  view. 

2  In  addition  to  physiological  evidence  from  experiments  on  animals  there  are  certain  forms 
of  diabetes  which  seem  to  prove  that  sugar  must  be  formed  either  from  albuminates  or  fat, 
most  probably  the  former.  3  Archiv.  fur  ges.  Phys. ,  Band  v.  p.  40. 
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.   t         «n  flifferentlv  from  that  of  the  carnivora,  that  fat 
,v.4em  of  man  IS  ^^^Zt  tvm  i^^^^^  ^«  formed  in  sufficient 


1^^ 


tor  sometime  and  can  be  healthy  witn  a  aiec  oi  exposure  to  very  low 

TH;  t';k'ltct  produced  hy  the  deprivation  of  any  one  of  these  classes  is 
00^':*  Cwa    irexcess  of'the  alb^nates  causes  a  -""gf  J^^^^'J™ 
of  fit  (and  in  dogs  an  elimination  of  water),  while  an  «=f  J^'/j^JX^^^ 
ihsorotion  of  oxv«en,  and  hinders  the  metamorphosis  of  both  fat  and  albu 
Se  fcues    The  'oarbo-hydrates  have  the  same  effect  when  m  excess,  and 

ppear  to  lessen  the  o-ff^y^^^^^l"^^^  t,^^,^^.,  ,,,,traent  of 

It  IS  now  generally  admitted  that  tne  succesb  ui  .vxi  -ucix  g 

obesity  is  owing  to  two  actions  :  the  increased  oxidising  effect  on  fat  conse- 
quent on  the  increase  of  meat  (especially  if  exercise  be  combined),  and  the 
Sl'ssened  interference  with  the  oxidation  of  fat  consequent  on  the  deprivation 

'^Health'c^nnot  be  maintained  on  albuminates,  salts,  and  water  alone  ;  but, 
on  the  other  hand,  it  cannot  be  maintained  without  them. 

The  salts  and  water  are  as  essential  as  the  nitrogenous  substances.  Lime, 
chiefly  in  the  form  of  phosphate,  is  absent  from  no  tissue  ;  and  there  is  reason 
to  thhik  no  cell  growth  can  go  on  without  it ;  certainly,  m  enlarging  morbid 
oTOwths  and  in  rapidly  growing  cells,  it  is  in  large  amount. 

When  phosphate  of  calcium  was  excluded  from  the  diet,  the  bones  of  an 
adult  goat  were  not  found  by  H.  Weiske  to  be  poorer  in  lime,^  because  pro- 
Ijably  lune  was  drawn  from  other  parts  ;  but  the  goat  became  weak  and  dull, 
so  that  nutrition  was  interfered  with.  Experiment  has  shown  that  the  growth 
of  wheat  is  more  quickly  and  effectually  checked  by  the  absence  of  phos- 
phoric acid  than  of  any  other  constituent  from  the  soil.  The  lowest  forms 
of  life  (Bacteria  and  Fungi)  wiU  not  grow  without  earthy  phosphates.  _ 

Magnesia  is  probably  also  an  essential  constituent  of  growth  m  some  tissues. 
Potash  and  soda,  in  the  forms  of  phosphates  and  chlorides,  are  equally  im- 
portant, and  would  seem  to  be  especially  concerned  in  the  molecular  currents ; 
forming  parts  of  ahnost  all  tissues,  they  are  less  fixed,  so  to  speak  than  the 
magnesian  and  lime  salts.  It  is  also  now  certain,  that  the  two  alkalies  do 
not  replace  each  other,  and  have  a  different  distribution ;  and  it  is  so  far 
observable,  that  the  potash  seems  to  be  the  alkaU  for  the  formed  tissues,  such 
as  the  blood  cells  or  muscular  fibre ;  while  the  soda  salts  are  more  largely  con- 
tained in  the  intercellular  fluids  which  bathe  or  encircle  the  tissues.  _ 

The  chlorme  and  phosphoric  acid  have  also  very  peculiar  properties,— the 
former  apparently  being  easily  set  free,  and  then  giving  a  very  strong  acid, 
which  has  a  special  action  on  albuminates,  and  the  latter  having  remarkable 
combining  proportions  with  alkalies.  Both  are  furnished  in  almost  all  food  ; 
the  sodium  chloride  also  separately.    Carbonic  acid  is  both  introduced  and 

^  In  some  experimeuts  both  with  Liebig's  essence  of  meat  and  Hassall's  dried  food  with 
bread.  Dr.  Parkes  was  very  much  struck  with  the  bad  effect  produced  on  the  health  of  the 
tixperimentators,  and  with  the  immediate  relief  given  by  the  addition  of  butter  and  a  larger 
supply  of  starch,  without  augmentation  in  the  amount  of  nitrogen. 

2  Zeils.fiir  Biol.,  Band  vii.  p.  179. 
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made  m  the  system,  and  probably  serves  many  uses.  Iron  is,  of  course  also 
essential  for  certain  tissues  or  parts,  especially  for  the  red-blood  corpuscles 
and  lor  the  colouring  matter  in  muscle,  and  in  small  quantity  is  found  almos; 
m  every  tissue,  and  m  every  food.  The  sulphur  and  phosphorus  of  the  tiissues 
appear  to  enter  especially  as  such  with  the  albuminates. 

Some  salts,  especially  those  which  form  carbonates  in  the  system,  such  a« 
the  lactates,  tartrates,  citrates,  and  acetates,  give  the  alkalinity  to  the  system 
which  seems  so  necessary  to  the  integrity  of  the  molecular  currents.  The 
state  of  malnutrition,  which  in  its  highest  degree  we  call  scurvy,  appears  to 
follow  inevitably  on  their  absence  ;  and  as  they  exist  chiefly  in  fresh  vege- 
tables, it  is  a  well-known  rule  of  dietetics  to  supply  these  with  great  care 
though  their  nutritive  power  otherwise  is  smaU.  So  important  are  those 
substances,  that  they  might  well  be  placed  in  a  separate  class,  although  Dr 
Pavy  remarks  that  "  these  principles  are  hardly  of  sufficient  importance,  in 
an  alimentary  point  of  view,  so  called,  for  their  consideration  under  a  distinct 
head."  Surely,  this  is  an  under-estimate  of  their  importance,  considering  the 
inevitable  malnutrition  that  follows  on  their  absence. 

In  addition  to  the  substances  composing  these  four  classes,  there  are  others 
which  enter  into  many  diets,  and  which  have  been  termed  "  accessory  foods," 
or  by  some  writers  "  force  regulators  "  (like  the  salts).  The  various  condi- 
ments which  give  taste  to  food,  or  excite  salivary  or  alimentary  secretions, 
and  tea,  coffee,  cocoa,  alcohol,  &c.,  furnish  the  chief  substances  of  this  class'. 
Much  discussion  has  taken  place  as  to  the  exact  action  in  nutrition  of  these 
substances,  but  little  is  definitely  known. 

A  classification,  on  a  simplified  plan,  may  be  made  as  follows  : — 


o 
o 


1.  Albuminates. 

All  substances  containing 
nitrogen,'  of  a  composition  iden- 
tical with,  or  nearly  that  of 
albumin ;  proportion  of  nitro- 
gen to  carbon  being  nearly  as 
2  to  7,  or  4  to  14. 


a 

"3 


Examples. 
Albumin, 
Fibrin, 
Syntonin, 
Myosin, 
Globulin, 
Casein, 


Glutin, 


gji  Legumin, 


*  * 
* 


CO 

<v 
o 
a 


C3 

o 
S 
o 


Substances  containing  a 
larger  proportion  of  nitrogen  are 
apparently  less  nutritious. 

Proportion  of  nitrogen  to  car- 
^bon  about  2  to  5|,  4  to  11. 

2.  Fats  (or  Hydro-carbons). 
Substances     containing  no 

nitrogen,  but  made  up  of  carbon, 
hydrogen,  and  oxygen  ;  the  pro- 
portion of  oxygen  being  less  than 
sufficient  to  convert  all  the  hy- 
drogen into  water. 

Proportion  of  unoxidised  hy- 
drogen to  carbon  about  1  to  7. 

3.  Carbo-hydrates. 
Substances     containing  no 

nitrogen,  but  made  up  of  carbon, 
hydrogen,  and  oxygen  ;  the  oxy- 
gen being  exactly  sufficient  to 
convert  all  tlie  hydrogen  into 
water. 

Proportion  of  water  to  carbon 
^  being  about  3  to  2. 


Gelatin, 
Ossein, 
Chondrin, 
Keratin, 


Olein, 

Stearin, 

Margarin, 


Functions. 
Formation   and  repair 
of  tissues  and  fluids  of  the 
body. 

Regulation  of  the  ab- 
sorption and  utilisation  of 
oxygen. 

May  also  form  fat  and 
yield  energy  under  special 
conditions. 


These  perform  the  above 
functions  less  perfectlj'',  or 
only  under  particular  cir- 
cumstances. 


Supply  of  fatty  tissues  : 
nutrition  of  nervous  sys- 
tem ?  Supplji-  of  energy 
and  animal  heat  by  oxida- 
tion. 


Starch, 
Dextrin, 
Cane  sugar, 
Grape  sugar, 
Lactin  (or 
milk  sugar), 


Production  of  energy 
and  animal  heat  by  oxida- 
tion. Conversion  into  fat 
by  de-oxidation. 


•  t-t 


AYEKAGE  DAILY  DIET  IN  REST. 


3(a).  VegetaUeadds{andpcclov.^  Oxalicacid, 
substances  .<) 


Substances  _  contain^^^^^^^^ 


Tartaric 

.iS^g:;:'S..aH^upof^bon.  I  Citric  „ 
liydrogen,  and  oxygen  ;  tlieoxy-  ^  Malic 
7en  being  generally  m  greater 
fmount  than  is  sufficient  to  con- 
vert all  the    hydrogen  into 
^  water. 


J 


Acetic 
Lactic 


Examples. 

rln  these  the'^ 
oxygen  is  ??iorc 
than  sufficient 
to  convert  all 
,  the  hydrogen 
Jnto  water. 
In  these  there 
is  no  excess  of 
oxygen. 
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Functions. 
Preserving  the 
alkalinity  of  the 
blood  by  conver- 
sion into  carbon- 
ates ;  furnish  a 
small  amount  of 
energy  or  animal 
heat  by  oxida- 
tion. 


Scdts  (mineral). 


C  Sodium  chloride, 
Potassium     , , 
Calcium  phosphate, 
Magnesium  ,, 
^Iron,  &c. 


>l  Yarious:  support  of 
I  bony  skeleton,  supply  of 
J-HCl  for  digestion,  &c. 
I  Regulators  of  energy  and 
J  nutrition. 


Sub-Section  L-Qoahtity  o.  each  Class  o.  PaoxiMAXE  Aument  in  a 

Good  Diet  for  Healthy  Men. 

We  cannot  deduce  these  quantities  from  milk,  for  this,  though  it  is  a  per- 
fecffood  frthe  young,  does  not  contain  the  various  constituents  m  the  best 
nrtortioi  f^adv^^^^  The  relative  amounts  have,  therefore,  been  deter- 
STr  ly  by  observation  on  a  great  number  of  dietai-ies,  and  partly  by 
foloSc  1  experiments.   The  general  results  of  the  whole  are  given  in  the 


following  tables  : — 


Average  Daily  Diet  of  Men  in  Quietude. 


Subsistence  Diet  (Playfaii-). 

Rest. 

Ounces  Avoir. 

Grammes. 

Ounces  Avoii-. 

Grammes. 

Albuminates,  . 

Fats,       .       .       •  • 

Carbo-hydrates, 

Salts, 

Total  water-free  food. 

2 

•5 

12 

•5 

57 
14 
340 
14 

2-5 
1 
12 

•5 

71 
28 
340 
14 

15-0 

425 

16-0 

453 

The  subsistence  diet  is  calculated  as  sufficient  for  the  internal  mechanical 
work  of  the  body,  but  it  is  doubtful  if  an  average  man  could  exist  on  it  with- 
out losing  weight,  as  it  supposes  absolute  repose.  _  _ 

The  diet  for  rest  supposes  very  gentle  exertion,  and  is  probably  the  minimum 
for  a  male  adult  of  average  size  and  weight,  say  150  ib  or  67  kilogrammes. 

Each  constituent  above  named  is,  theoretically,  absolutely  water-free,  but 
practically  the  amount  of  water  present  in  the  so-called  solid  food  would  be 
from  100  to  150  per  cent,  more,  so  that  the  weights  respectively  would  be 
about  32  to  40  ounces  gross  (907  to  1134  grammes). 

For  mere  subsistence,  without  doing  visible  work,  a  man  therefore  requires 
about  of  an  ounce  of  water-free  food  for  each  lb  weight  of  his  body,  or 
about       of  his  total  weight  every  twenty-four  hours. 

Of  the  standard  diets  given  in  the  next  table,  Moleschott's  scale  has  been 
pretty  generally  accepted,  but  the  fat  is  perhaps  rather  low. 

Assuming  the  water-free  food  to  be  23  ounces,  and  a  man's  weight  to  be 
150ib,  each  B)  M'eight  of  the  body  receives  in  twenty-four  hours  O'lS  ounces, 
or  the  whole  body  receives  nearly  ^h^s  P^^^  weight. 
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This  IS  the  dry  food,  but  a  certain  amount  of  water  (between  50  and  6fi 
per  cent  usually)  is  contained  in  ordinary  food,  and  adding  this  to  the  water 
tree  solids,  the  total  daily  amount  so-called  dry  food  (exclusive  of  liquide) 

Standard  Daily  Diets  for  a  Man  in  Ordinary  Worh. 


Moleschott. 

Pettenkofer 
and  Voit.i 

Ranke.2 

j  Means. 

Oz.  Av. 

Gram. 

Oz.  Av. 

Gram. 

Oz.  Av. 

Gram. 

!  Oz,  Av. 

Gram. 

Albuminates, 

Fats,  .... 

Carbo-bydrates,  . 

Salts, 

Total  water-free  food, 

4-59 
2-96 
14-26 
1-06 

130 
84 

404 
30 

4-83 
4-12 
12-40 
1-06 

137 
117 
352 
30 

3-52 
3-52 
8-46 
89 

100 
100 
240 
25 

i  4-31 
3  53 

,  11-71 
1-70 

122 
100 
332 
28 

22-87 

648 

22-41 

636 

116-39 

465 

20-65 

582 

IS  about  48  to  60  ounces.  In  addition  to  this,  from  50  to  80  ounces  of  water 
are  taken  m  some  liquid  form,  making  a  total  supply  of  water  of  70  to  90 
ounces,  or  on  an  average  0*5  ounce  for  each  R  weight  of  body. 

This  average  amount  of  food  and  water  varies  considerably  from  the  fol- 
lowing causes  : — 

1.  _  Individual  conditions  of  size,  vigour,  activity  of  circulation,  and  of  the 
eliminating  organs,  &c.  No  men  eat  exactly  the  same,  and  no  single  standard 
will  meet  all  cases.  3  The  usual  average  range  in  different  male  adults  is  from 
40  to  60  ounces  of  so-called  solid  food,  and  from  50  to  80  ounces  of  water. 

2.  Differences  of  exertion.  If  men  are  undergoing  great  exertion  they 
take  more  food,  and,  if  they  can  obtain  it,  the  increase  is  especially  in  the 
classes  of  albuminates  and  fat,  as  shown  in  the  next  table,  p.  199. 

This  would  represent  of  so-called  solid  food  from  66  to  77  oz.  (1970  to 
2180  grammes). 

_  The  amount  of  water  is  also  increased,  but  is  very  various  according  to 
circumstances,  and  is  apparently  not  so  much  augmented  as  the  soHd  food. 

3.  Differences  of  climate.  It  is  a  matter  of  general  belief  that  more 
food  is  taken  in  cold  seasons  and  in  cold  countries  than  in  hot.    It  is  sup- 


1  Zeitschrift  fur  Biologie,  Band,  ii.  p.  523.  Somewhat  different  quantities  are  given  by 
Voit  in  his  later  researches  made  with  Forster,  Eenk,  and  Schuster  (JVIunich,  1877),  the  fat 
during  work  being  much  increased.  See  Fliigge,  Lehrbuch  der  hygienischen  TJntersuchungs- 
Tnethoden,  Leipzig,  1881. 

2  Physiologie  des  Menschen,  1868,  p.  158. 

3  This  has  been  well  exemplified  in  our  convict  prisons,  in  which,  as  a  matter  of  convenience, 
soldiers  are  sometimes  confined.  The  ordinary  diet,  which  is  sufficient  for  the  convict,  is  in- 
sufficient for  the  soldier,  and  that  for  several  reasons  :  1.  The  convict  is  a  smaller  man  on 
the  average.  2.  The  previous  life  of  the  convict  is  an  irregular  one,  in  which  his  food  is 
generally  insufficient ;  whereas  the  soldier's  life  is  usually  the  opposite,  his  food  is  fairly  good 
and  his  meals  regular.  3.  The  crimes  for  which  the  convict  is  imprisoned  are  crimes  against 
society,  and  his  removal  to  a  prison  cannot  be  considered  much  of  a  degradation  morally, 
whereas  his  physical  condition  is  really  improved.  On  the  other  hand,  the  soldier's  crime  is 
often  one  of  a  military  character  only,  hence  his  removal  to  a  prison  is  a  moral  degradation, 
especially  if  it  be  a  convict  prison.  The  result  is,  that,  whilst  the  majority  of  the  civil 
prisoners  retain  their  weight  or  even  gain,  the  majority  of  soldier  jmsoners  lose.  It  is  also  found 
that  age  has  an  effect,  the  older  men  losing,  the  younger  generally  gaining.  Length  of  sentence 
has  also  an  influence,  partly  on  account  of  some  difference  of  diet  and  work,  but  probably 
chiefly  on  account  of  the  system  ultimately  accommodating  itself  to  the  altered  conditions. 
Thus  the  men  who  lose  weight  are,  the  heaviest  originally,  the  oldest,  those  with  shortest 
sentences  ;  those  who  are  stationary  or  gain  weight  are,  the  lightest  originally,  the  youngest, 
those  with  longest  sentences.  For  the  data,  from  which  the  above  conclusions  are  drawn, 
I  am  indebted  to  Brigade-Surgeon  J.  G.  Marston,  M.D.— (F.  de  C.) 
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-fnvm  /'fimllv  in  that  of  heat)  is  necessary, 

exertion. 

nnilv  Water-free  Diet  required  for  an  adiM  Man  in  very  lalorious 
Average  ^<''Yarklor  ofa&oldier  on  Service  and  in  the  Field. 


Ounces  Avoir. 


Grammes. 


Albuminates,  . 

Fats,  .  •  •  • 
Carbo-liydrates, 

Salts,      .       •       •  • 
Total  water-free  food. 


6  to  7 

3-5  to  4-5 

16  to  18 

1-2  to  1-5 


170  to  198 

99  to  128 

454  to  510 

34  to  43 


26-7  to  31-0 


757    to  879 


The  foUowing  BMJ  be  taken  a.  an  approximative  basis  for  tbe  calculation 

of  diets  according  to  size  and  work  :—  


For  subsistence  during 
rest. 

For  work  of  about  300 
foot-tons  per  diem. 

For  work  of  about  100,000 
kilog.-metres  per  diem. 

Proximate 
Aliment. 

Ounces  Avoir, 
per  lb.  of  body 
weight. 

Grammes  per 
kilogramme 
of  body 
weight. 

Ounces  Avoir, 
per  lb.  of  body 
weight. 

Amount  to  be 
added  to  sub- 
sistence diet 
per  lb.  of  body 
for  every  foot- 
ton  of  work. 

Ounces  Avoir. 

Grammes  per 
kilogramme 
of  body 
weight. 

irnouni  10  ua 
added  to  sub- 
sistence diet 
per  kilogr.  of 
body  weight 
for  evei-y  1000 
kilog.-metres 
of  work. 
Grammes. 

AlbuTninates, 
Fats,  . 
Carbo-hydrates, 

Salts,  . 

•017 
•007 
•080 
•003 

1-1 
•4 

4-9 
•2 

■031 
•019 
•095 
•007 

•00005 
•00004 
•00005 
•00001 

1-9 
'9 

7-2 
•4 

•008 
•005 
•023 
•002 

Total, 

•107 

6^6 

•152 

•00015 

1  10-4 

•038 

Beyond  300  foot-tons  (or  100,000  kilogramme-metres)  the  addition  would 
require  to  he  greater.  


Proximate 
Aliment. 


For  work  of  450  to  600  foot-tons 
per  diem. 


Ounces  Avoir,  per 
lb.  of  body  weight. 


Amount  to  be 
added  to  ordinary 
work  diet  per  lb.  of 
body  weight  for 
every  foot-ton  of 
work  beyond  300. 


For  work  of  about  150,000  kilogramme- 
metres  per  diem. 


Albuminates, 
Fats,  . 

Carbo-hydrates,  . 
Salts,  . 

Total.  . 


•047 
•030 
•120 
•010 


Grammes  per 
kilogramme 
of  body  weight. 


■000107 
•000068 
•000166 
•000020 


Amount  to  be 
added  to  ordinary 
work  diet  per  kilo- 
gramme of  body 
weight  for  evei-y 
1000  kilog.-metres 
beyond  100,000. 


•207 


•000361 


2-9 
1-9 
7-6 
•6 


•020 
•020 
•008 
•004 


13-0 


•042 


1  Playfair  gives  the  diet  of  a  prize-fighter  in  training  as  9^8  oz  albuminates  3 ■I  fats, 
8-27  starch  and  sugar.   There  were  690  grains  of  nitrogen,  and  4366  gi-ams  of  carbon. 
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{ouvotT'%''^r'^  "1''^'  ^'^^'^'^  ^^"^^  are  known,  the  amounts  of  the 
foui  classes  of  ahnientaiy  principles  may  be  calculated  from  a  table  of  mean 

  Table  for  Calculating  Diets. 


Articles. 


Meat  of  best  quality,  with  little  fat,  like 
.  beafsteaks,  

Uncooked  meat  of  the  kind  supplied  t( 
soldiers,— beef  and  mutton.  Bone  con 
stitutes  ith  of  the  soldier's  allowance,^ 

Uncooked  meat  of  fattened  cattle.  Calcu 
lated  from  Lawes'  and  Gilbert's  experi 
ments.  These  numbers  are  to  be  used 
the  meat  is  very  fat,  .... 

Cooked  meat, 2  roast,  no  dripping  being  lost. 
Boiled  assumed  to  be  the  same. 

Corned  beef  (Chicago),^ 

Salt  beef  (Girardin),  . 
,,   pork  (Girardin),  . 

Fat  pork  (Letheby),  . 

Dried  bacon  (Letheby), 
^  Smoked  ham  (J.  Kbnig), 

Horse  flesh  do. 

White  fish  (Letheby),  . 

Poultry  (Letheby),  .... 

Bread,  white  wheaten,  of  average  quality, 

"Wheat  flour,  average  quality, 

Biscuit,  

Rice,  ...... 

Oatmeal  (Letheby), 

Maize  (Poggiale)  (cellulose  excluded). 

Macaroni  (Konig), 

Millet  (Konig)  (cellulose  excluded), 

Arrow-root,  .... 

Peas  (dry),  

Potatoes,  ..... 

Carrots  (cellulose  excluded), 

Cabbage,  ..... 

Butter,  

Egg  (10  per  cent,  must  be  deducted  for  shell 

from  the  weight  of  the  egg). 
Cheese,  ..... 
Milk  (sp.  gi-.  1029  and  over), 
Cream  (Letheby), 
Skimmed  milk  (Letheby),  . 
Sugar,  ..... 
Pemmican  (de  Chaumont),* 


In  100  Pauts. 


Water. 

Album! 
nate». 

Fats. 

Carbo- 
hydrates 

Salts. 

74-4 

6  0 

1-6 

75 

15 

8-4 

1-6 

63 

14 

1  0 

37 

54 

27  •« 

1.0  40 

2*95 

40 

40 

15 

5 

49-1 

29-6 

0-2 

21-1 

44-1 

26-1 

7-0 

22-8 

39-0 

9-8 

48-9 

2-3 

15-0 

8-8 

73-3 

2-9 

27-8 

24-0 

36-5 

10-1 

74-3 

21-7 

2-6 

1-0 

78-0 

18-1 

2-9 

1-0 

74-0 

21-0 

3-8 

1-2 

40 

8 

1-5 

49'-2 

1-3 

15 

11 

2 

70-3 

1-7 

8 

15-6 

1-3 

73-4 

1-7 

10 

5 

•8 

83-2 

0-5 

15 

12-6 

5-6 

63-0 

3 

Id  5 

10 

6-7 

64-5 

1-4 

13-1 

Q  -n 

U  O 

/DO 

A  .  O 

0  8 

12'3 

-I  X  o 

6  D 

0/  6 

2  0 

15-4 

\J  o 

00  6 

•27 

15 

22 

9 

z  4 

74 

9*0 

•1  R 

10 

U 

1 

85 

1-6 

•25 

8-4 

1^0 

91 

1-8 

•5 

5-8 

•7 

6 

•3 

91 

variable 

... 

talien  as  2-7 

73-5 

13-5 

11-6 

1 

36-8 

33-5 

24-3 

5-4: 

86-8 

4 

3-7 

4-8 

'7 

66 

2-7 

26-7 

2-8 

1-8 

88 

4-0 

1-8 

5-4 

0-8 

3 

96-5 

•5 

7-2 

35-4 

55-2 

1^8 

^  The  gelatine  of  the  meat  is  reckoned  with  the  albuminates  ;  it  is  not  certain  what  deduction 
should  be  made  on  account  of  its  lower  nutritive  value,  which  is  about  jth  that  of  albumen 
(Biscliof).  2  These  numbers  are  takeu  from  John  Eauke's  analysis. 

^  This  is  excellent  meat,  palatable  and  nutritious  :  half  a  pound  would  form  an  ample  ration 
for  the  field,  witl^  the  due  proportion  of  biscuit,  &c.  As  it  is  merely  corned  a.iid  not  salted  like 
ordinary  salt  meat,  it  is  probable  that  its  constituents  may  be  allowed  nearly  their  fidl  nutritive 
value. 

*  The  sweet  pemmican  used  is  the  Arctic  Expedition  of  1875-6  was  similar  to  the  above 
(the  ordinary  pemmican  used  in  the  same  expedition)  with  the  addition  of  about  5  per  cent, 
of  cane  sngar.  In  other  cases,  particularly  in  the  American  pemmican,  raisins  and  currants 
are  added.  (See  Report  of  Committee  on  Scwvy  for  analyses  by  Professor  Franklaud  and 
Dr.  de  Chaumont.)  A  little  pepper  is  added,  not  reckoned  quantitati\-ely  in  the  above 
analysis,  but  probably  included  in  tlie  "  loss,"  i.e.,  the  difference  between  the  sum  of  the 
above  constituents  and  100. 


RELATIVE  PEOPORTIONS  OF  CONSTITUENTS  OF  DIETS. 
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m-ecedino-  table  is  compiled  from,  in  most  cases,  several 
Z^'':^7y  me^S^^^^    those^  analyses  being  selected  which  seem  best 

to  represent  the  foo'i        '  J^^^^^^^      si,^ple;  the  quantity  of  uncooked  meat 
The  mode  of  usmg  ^^^^^f  f.^'^J^J,'^^^'^^^^^     proved  that  there  is  no  loss  in 
or  bread         ^^^rbl^^^^^^  P-portions.    Thus,,  the  ration 

cooking,  a  rule-ot-tmee       =-  ,  ^       24  oz.  or  20  per  cent,  is  deducted 

•  -     Q  «  on.T,PP«  will  be  '^"^^^  =  7-2,  and  the  water-free  solids 
in  the  remaimng  9-6  ounces  wiU  De  -j^q-  ' 

will  be  2-4  ounces.    The  albuminates  will  be  144  ounce;  the  fats,  -8064; 

%V"'plSthe  nutritive  value  should  be  calcf  ted  on^^^^^^^^^ 
substance,  as  the  analyses  of  cooked  food  are  more  variable.    It  must  then 
bp  <?ppn  that  no  loss  occurs  in  cooking.  -u  ia 

"^iTthe  case  of  salt  beef  or  pork,  it  is  not  certain  how  the  jf^  ^^^ 
be  calculated.  The  analysis  by  Girardin^  for  uncooked  salt  beef  (American) 
is  givenin  the  table,  but  the  analysis  of  the  brine  shows  that  much  of  he 
nutritious  matters,  organic  and  mineral  (phosphoric  acid,  lactic  acid,  magne^^^^^^^ 
have  passed  out  of  the  meat.^  Liebig  has  reckoned  the  nutritive  loss  at  one- 
S  or  even  one-half.  It  appears  from  Kuhne's  observations,  that  myosin 
L  soluble  in  a  10  per  cent,  solution  of  chloride  of  sodium,  and  hence  a  arge 
quantity  of  this  substance  necessarily  passes  into  the  brme.  _  Analyses  show 
it  is  true,  a  large  percentage  of  fibrin  and  cellular  tissue  m  salt  meat,  but 
this  is  made  up  of  indigestible  nitrogenous  substances,  which  afford,  probably, 
little  real  nutritive  material.  Perhaps  salt  beef  may  be  reckoned  as  equal  to 
two-thirds  the  quantity  of  fresh  beef  j  this  estimate  is  certainly  quite  high 

^^The^'proportion  of  the  nitrogenous  substances  to  the  fats,  carbo-hydrates, 
and  salts  in  the  standard  diet  is  as  follows  : — 


Albuminates, 

Fat,  .... 

Carbo-hydrates, 

Salts,  .... 

Moleschott. 

Pettenkofer 
and  Voit. 

Ranke. 

Mean. 

100 
65 

315 
23 

100 
87 

258 
22 

100 
100 
240 
25 

100 
82 

272 
23 

Amount  of  Nitrogen  and  Carbon.— As  the  phenomena  of  nutrition  are 
chiefly  owing  to  the  various  chemical  interchanges  of  nitrogen  and  carbon, 
and  in  some  cases  of  hydrogen,  with  oxygen,  it  may  be  desired  to  calculate 
the  amount  of  these  constituents  in  any  diet.  This  may  be  done  in  two 
ways. 

1.  Calcidate  out  the  dry  albuminates,  fat,  and  carbo-hydrates  in  ounces, 
and  then  use  the  following  table  : —  , 


1  Of  course,  such  tables  are  merely  approximative  ;  but  they  are  very  useful  as  giving  a 
general  idea  of  a  diet,  although  they  are  not  accurate  enough  to  be  used  in  physiological 
inquiries. 

2  Camples  Rendus,  xli.  756. 

'  Liebig  found  that  the  brine  is  saturated  with  the  juice  of  meat,  and  Mr.  Whitelaw 
(Chemical  News,  March  1864)  has  shown  that  extract  of  meat  may  be  obtained  by  dialysis 
from  the  brine. 
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Water-free  constituents. 

Nitrogen, 
grains. 

Corbon, 
grains. 

Hydrogen, 
grains. 

Sulphur, 
gi'uins. 

Albuminate  :  1  ounce  contains 
Fat, 

Carbo-hydrates, 

(a)  Starch,  ,, 

(b)  Cane-sugar, 

(c)  i^f 

^  ^  (  Glucose,   \  " 

69 

212 
336 

194 
184 

175 

13 
48 

V 

8 

The  total  amount  of  carbon  in  one  ounce  of  albuminate  is  233  OTains,  but 
o±  this  about  29  grains  are  converted  into  urea,  and  are  therefore  oxidised  only 
as  far  as  carbon  monoxide;  making  allowance  for  this,  we  have  a  net  total 
equal  to  212  grains  of  carbon  fully  oxidised. 

2  In  the  following  table,  the  calculation  of  these  ingredients  per  ounce 
has  been  made;  the  substance  being  supposed  to  be  in  its  natural  state,  and 
to  have  the  composition  already  assigned  to  it  in  the  former  table 


One  ounce  (=437-5  grains)  contains  in  its  natural  state  in 


grains. 


Substance. 

Carbon, 
capable 
of  being 
oxidised. 

Hydrogen, 

Sulphur, 

Water. 

Nitrogen. 

capable 
of  being 
nviflispH 

capable 
of  being 

UAIUlKcU. 

Salts 

Uncooked  meat  (beef)  of  ) 
the  best  quality,  .       .  \ 

326 

14*14 

55 

4-4 

1-6 

7 

Uncooked  meat  as  supplied  ) 
to  soldiers,  .       .       .  \ 

328 

10-35 

60 

6- 

1-2 

/ 

Uncooked  fat  meat  (beef). 

276 

9-6 

94 

X  X 

1  R 
10 

Cooked  meat,  . 
Corned  beef  (Chicago), 

236 

19-0 

110 

11" 

9-9 

175 

27-6 

135 

12-4 

3-2 

21 

on  'A 

ZU  4: 

DO 

3 '9 

2  "4 

92 

,,  pork, 

193 

18-0 

79 

6-8 

2-1 

100 

Fat  pork, 

170 

6-8 

185 

24-8 

•8 

10 

Dried  bacon,  . 

66 

6-1 

265 

36-8 

•7 

12 

Smoked  ham,  . 

122 

16-6 

174 

20-6 

2- 

44 

Horse  flesh. 

325 

15- 

55 

4- 

1-7 

4 

White  fish,  . 

341 

12-5 

48 

3-7 

1-5 

4 

Poultry,  .       ,       ,  . 

324 

14-5 

57 

4-5 

1-7 

5 

Bread,  .... 

175 

5-5 

116 

1-7 

•6 

5 

Wheat  flour,  . 

66 

7-6 

166 

2-4 

•9 

7 

Biscuit, 

35 

10-8 

180 

2-6 

1-3 

7 

Eice,  .... 

44 

3-5 

175 

3-3 

•4 

2 

Oatmeal,  .... 

66 

8-7 

168 

4-8 

1-1 

13. 

Maize,  .... 

59 

7- 

169 

1-4 

•8 

6 

Macaroni, 

57 

6-2 

169 

2-9 

•7 

3 

Millet,  .... 

54 

7-8 

166 

2-5 

•9 

10 

Arrow-root, 

57 

•5 

162 

Peas  (dried),  . 

66 

15-2 

156 

3"-9 

1-7 

10 

Potatoes, 

324 

1-4 

45 

•4 

•2 

4 

Carrots,  .... 
Cabbage, 

372 

1-1 

20 

•4 

•1 

4 

398 

1-2 

17 

•5 

•1 

3 

Butter,  .... 

26 

•2 

312 

43-7 

12 

Eggs,  .... 

322 

9-3 

68 

7-4 

ri 

4 

Cheese,  .... 

161 

23-2 

153 

16- 

2-7 

24 

Milk  (sp.  gr.  1029  and  over), 

380 

2-75 

30 

2-3 

•3 

3 

Cream,  .... 

289 

1-9 

100 

13-1 

•2 

8 

Skimmed  mik. 

385 

2-8 

24 

1-2 

•3 

3 

Sugar,  .... 

13 

178 

2 

Pemmican, 

31 

24-4 

250 

3i"-i 

i'l 

8 

XJLTIMATE  ELEMENTS  OF  STANDARD  DIET. 
The  standavd  daily  diet      an  adult  man  in  ordinary  work  (Moleschott), 
calculated  in  this  way,  gives— 

317  grains. 


Nitrogen, 
Carbon, 
Hydrogen, 
Sulphur, 
Salts, 


4750  „ 

202  „ 

24  „ 

461  „ 


Not  infrequently  the  standard  is  stated  as  20  grammes  of  nitrogen,  and  300 
fr«s  ^f  carhV;  this  i«  equal  to  308^^^^^^^^^^ 

Je^rmet^^^^^^^^^^ 

of  nitrogen  (which  is  the  smallest  amount  necessary  f  °^,^^e  mn^^^^^^ 

of  the  body  and  the  bare  maintenance  of  hfe,  as  calculated  by  i^^ayt^i^^^^^^^ 

483  or  500  erains  which  is  the  amount  taken  under  very  great  exeition. 

tlZrZ^:^Ji^l  observations  on  iU  ^^^.^-^'^'^'^ZT^^^^ 
arange  of  from  135  gi^ains  of  nitrogen  and  3271  grains  of  ^^^^  f 
needlewomen)  to  349  grains  of  nitrogen  and  6195  grains  of  ("^^^^^ 
farm  labourers).    UsuaUy,  however  in  what  are  f^'^f^I^f'^lo^^^^^^^ 
nitrocren  is  180  to  200  grains,  and  the  carbon  from  3900  to  4300  grains 
(Edward  Smith's  investigations  into  the  food  in  Lancashire  during  the  cotton 
famine).    In  convict  prisons,  Dr.  Wilson  teUs  us  that  the  men  on  lig^t  abour 
receive  224  grains  of  nitrogen  and  4651  grains  of  carbon,  and  thi.  is 
sufficient.    Those  on  hard  labour  receive  255  grains  of  nitrogen  and  5289 
grains  of  carbon,  and  on  this  diet  they  lose  weight,  and  have  to  be  continuously 
shifted  from  heavy  to  lighter  work.    In  the  case  of  mihtary  prisoners  ^hard 
labour  even  281  grains  of  nitrogen  and  5373  grains  of  carbon  were  insufificient 
to  prevent  men  losing  weight.    In  India  an  improved  diet  was  introduced 
by  the  late  Surgeon-General  Beatson,  C.B.,  in  which  the  nitrogen  was  about 
300  grains  and  the  carbon  about  5300.    This  appears  to  have  been  sufficient 
to  prevent  loss  of  weight,  although  there  was  a  deficiency  of  fat.    ihe  carbon 
ranges  in  various  diets,  from  3600  to  5800  or  6000  grains.    The  amount  of 
the  salts  (461)  appears  rather  large  ;  it  is  difficult  to  test  it  by  determining 
the  salts  in  the  excreta,  as  so  much  sodium  chloride  and  lime  salts  are  lost 
through  the  skin,  and  some  of  the  excreted  salts  may  also  be  mere  sur- 
plusage.   The  salts  seem  to  be  made  up  of  chlorine,  120  grains ;  phosphoric 
acid,  50  grains ;  potash,  40 ;  soda,  40 ;  lime,  about  4  grains  by  the  urme 
(Byasson),  and  some  by  the  bowels ;  magnesia,  4-7  grains  by  the  urme,  and  a 
considerable  amount  by  the  bowels ;  and  iron,  the  amount  of  which  is 
uncertain. 

Actual  experiment  lias,  to  a  great  extent,  confirmed  the  conclusions  drawn 
from  a  study  of  these  dietaries.  Pettenkofer  and  Voit,  in  two  healthy  men, 
determined  many  times  the  amount  of  nitrogen  during  common  exercise,  and 
found  it  to  be  19 -82  grammes,  or  305-8  grains.  Dr.  Parkes  experimented  on 
four  healthy  average  men  in  common  work,  and  found  the  amount  which 
kept  them  in  perfect  health  and  uniform  weight  was  293  to  305  grains  of 
nitrogen  in  twenty-four  hours.  All  these  determinations  are  near  Moleschott's 
numbers.  The  amount  of  carbon  "is  however,  perhaps  too  large.  A  certain 
proportion  between  the  carbon  and  nitrogen  ought  to  be  maintained;  in  the 
best  diets  this  is :  Nitrogen  1  to  carbon  15.^ 


1  The  Soldier's  Ration,  by  F,  de  Chaumont,  Sanitary  Record,  Feb.  5,  1876. 
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Sub-Seotion  II.— On  tub  Energy  Obtainable  fbom  the  various 

Articles  of  Food. 

The  possible  amount  of  energy  which  can  be  manifested  in  the  body  will 
De  tne  result  of  two  conditions ;  first,  the  amount  of  potential  energy  stored 
up  m  the  lood,  which  is,  of  course,  easily  determined  and  expressed  in  tenus 

•  °^  '  ^''^  extent  to  whioh  the  processes 

m  the  body  can  liberate  and  apply  this  energy.  For  example,  an  ounce  of 
albumen  can  give  rise  to  a  certain  heating  eliect,  if  it  be  burnt  in  oxygen- 
but  in  the  body  thorough  oxidation  can  never  occur,  for  some  (about  one- 
tJurd}  of  the  constituents  of  the  albumen  pass  out  incompletely  oxidised  in 
the  form  of  urea.  An  ounce  of  sugar,  on  the  other  hand,  is  as  a  general  rule 
destroyed  to  the  fullest  extent,  and  ends  in  carbon  dioxide  and  water,  and  its 
actual  energy  m  the  body,  under  whatever  form  it  appears,  is  equal  to  its 
theoretical  energy. 


One  ounce  of  dry  albuminate  yields 

J  5  ) )  fat, 

J)  starch, 

)»  caue-sugar,  . 

5  5  ,,  lactin  or  glucose,  . 

One  grain  of  carbon  (converted  into  COj) 
hydrogen  (water), 

„  sulphur  (SO2),  . 

,,  phosphorus  (PgOg), 

carbon  (forming  urea), 


173       foot-tons  of  potential  energy, 

138 
131 

0-710  „ 

3-000 

0-205 

0-510 

0-198 


In  the  following  (page  205)  table  Dr.  Frankland's  experimental  results 
have  been  selected  as  the  most  exact,  but  they  agree  very  closely  with  the 
theoretical  results,  particularly  with  those  given  by  Play  fair  1  and  others. 
Some  of  the  numbers  are  calculated  from  the  ascertained  composition  of  the 
substance. 

A  table  of  this  kind  is  useful  in  showing  what  can  be  obtained  from  our 
food,  but  it  must  not  be  supposed  that  the  value  of  food  is  in  exact  relation 
to  the  possible  energy  which  it  can  furnish.  In  order  that  the  energy  shall 
be  obtained,  the  food  must  not  only  be  digested  and  taken  into  the  body  pro- 
perly prepared,  but  its  energy  must  be  developed  at  the  place  and  in  the 
manner  proper  for  nutrition.  The  mere  expression  of  potential  energy 
cannot  fix  dietetic  value,  which  may  be  dependent  on  conditions  in  the  body 
unknown  to  us.  For  example,  it  is  quite  certain,  from  observation,  that 
gelatine  cannot  fully  take  the  place  of  albumen,  though  its  potential  energy 
is  little  inferior,^  and  it  is  easily  oxidised  in  the  body.  But  owing  to  some 
circumstances,  yet  unknown,  gelatine  is  chiefly  destroyed  in  the  blood  (?)  and 
gland  cells,  and  its  energy,  therefore,  has  a  different  dii-ection  from  that  of 
albumen.  The  tables  of  energy  give  broad  indications,  and  can  be  used  in 
a  general  statement  of  the  value  of  a  diet  j  but  at  present  they  do  not  thi'ow 
light  on  the  intricacies  of  nutrition. 


Sub-Section  III. — On  the  Eelative  Value  op  Food  of  the  same  Class. 

The  chemical  composition  of  animal  and  vegetable  albuminates  is  very 
similar,  and  they  manifestly  serve  equal  purposes  in  the  body.  The  meat- 
eater,  and  the  man  who  lives  on  corn,  or  peas  and  rice,  are  equally  well 

1  On  the  Food  of  Man  in  relation  to  his  2ise/ul  Work,  1865. 

2  One  gramme  of  dry  isinglass  will  develop  4520  heat-units  when  burnt  in  oxygen  ;  one 
gramme  of  dry  boiled  ham,  4343  ;  one  gramme  of  dry  beef,  5313  lieat-uuits.  (Fraiikland, 
Philos.  Mag.,  Sept.  1866,  p.  169.)  The  potential  energy  of  isinglass  is  more  than  that  of  ham, 
but  its  nutritive  power  is  far  inferior. 
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•  V  A  Tint  \i  has  been  supposed  that  either  the  kind  or  the  rapidity  of 
nourished  But  ^^^s  been  supp  carnivorous 
nutrition  is  different,     J  that  the  man  ^^^^^^  ^.^^^^^  ^^^^ 

auinial,  .viU  be         ^^^^^^^^^^^^  whose  food  has  an  equal  poten- 

than  the  vegetarian  or  the  heibi^^^^^^^^ 

t:'^::^o^t:^  « Cy  imperfect.    The  rapid  movements  of  the 


Energy  developed  ly  one  ounce  of  the  following  substances  when  oxidised 
^•^  in  the  lody. 


Name  of  Substance. 


Beef,  uncooked,  best  quality  (beefsteaks), 
Meat      „        as  supplied  to  soldiers, 
Beef       ,,  fattened, 
Meat,  cooked. 
Corned  beef  (Chicago), 
Salt  beef,  . 
Salt  pork,  . 
Fat  pork,  . 
Dried  bacon, 
Smoked  ham, 
Horse  flesh, 
White  fish. 
Poultry, 
Bread, 
Wheat  flour, 
Biscuit, 
Rice,  . 

Oatmeal, 

Maize, 

Macaroni, 

Millet, 

Arrow-root, 

Peas  (dried). 

Potatoes, 

Carrots, 

Cabbage, 

Butter, 

Eggs,  . 

Cheese, 

Milk  (cow's),  new, 
Cream, 

Skimmed  mUk, 
Sugar, 

Pemmican,  . 
Ale  (Bass'  bottled), 
Stout  (Guinness'), 


In  usual  state,  with  the 
same  percentage  of 
water  as  in  the  table 
on  p.  200. 


Foot-tons. 
48-5 
57-8 
96- 
106-2 
124- 
52- 
71-6 
202- 
292-3 
179-6 
46-4 
44-3 
50-7 
87-5 
123-6 
173-3 
126-5 
130- 
132- 
122-7 

125-  9 
116-4 
118-9 

33- 

14-3 

13- 

344-5 
67-3 

149-9 
26-9 

109-2 
20-4 

126-  4 
270-1 

30- 
41-5 


One  ounce,  water-free. 


Foot-tons. 
199 
243 
280 
240 
217 
138 
166 
336 
346 
267 
189 
209 
204 
147 
146 
189 
141 
154 
160 
146 
149 
138 
151 
141 
137 
158 
367 
265 
245 
225 
365 
181 
128 
293 
260 
360 


camivora  have  been  contrasted  with  the  slow,  dull  action  of  domestic  cattle  ; 
but,  not  to  speak  of  the  horse,  whoever  has  seen  the  lightning  movements  of 
the  wild  antelope  or  cow,  or  even  of  the  wild  pig,  which  is  herbivorous  in 
many  cases,  can  doubt  that  vegetable  feeders  can  exert  a  movement  even 
more  rapid  and  more  enduring  than  the  tiger  or  the  wolf  %  And  the  evidence 
in  men  is  the  same.  In  India,  the  ill-fed  people,  on  rice  and  a  little  millet  or 
pea,  may  indeed  show  less  power ;  but  take  the  well-fed  corn-eater,  or  even  the 
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well-fed  rice  and  pea-eater,  and  he  will  show,  when  in  training,  no  inferiority 
to  the  meat-eaters.    An  argument  has  been  drawn  from  the  compHcated  ali 
mentary  canal  of  the  herbivora,  but  probably  this  is  chiefly  intended  to  digest 
tlie  cellulose,  and  the  digestion  and  absorption  of  albuminates  may  be  as  ranid 
as  m  other  animals.  ^ 

It  appears  from  Dr.  Beaumont's  experiments  that  animal  food  is  dif^ested 
sooner  than  farinaceous,  and  possibly  meat  might  therefore  replace^more 
quickly  the  wasted  nitrogenous  tissue  than  bread  or  peas ;  and  it  may  be  true 
as  asserted,  that  the  change  of  tissue  is  more  quick  in  meat-eaters,  who  require 
therefore,  more  frequent  supplies  of  food.  Even  this,  however,  seems  not  yet 
thoroughly  proved. 

It  has  been  also  supposed  that  there  is  a  difference  in  the  nutrition  of  even 
such  nearly  allied  substances  as  wheat  and  barley,  but  the  evidence  is  imper- 
fect, and  is  perhaps  dependent  on  differences  in  ease  of  digestion. 

With  respect  to  the  fats,  their  differences  of  nutrition  are  probably 
dependent  entirely  on  facility  of  digestion  and  absorption.  The  animal  fats 
appear  easier  of  absorption  than  the  vegetable.  Berths i  found  that,  in  addi- 
tion to  the  fat  in  his  ordinary  diet,  he  could  absorb  30  grammes,  or  1-059 
ounces  of  cod-liver  oil,  butter,  or  other  animal  oil;  in  some  instances  1| 
ounces  were  absorbed.  Of  vegetable  oils  only  20  grammes,  or  07  ounces 
were  absorbed.  When,  in  experiments  with  cod-liver  oil,  40  grammes  were 
taken,  31-5  were  absorbed,  8-5  passed  by  the  bowels ;  when  60  grammes  were 
taken,  48  were  absorbed  and  12  passed.  But  when  he  took  60  grammes 
daily,  the  amount  of  fat  in  the  faeces  gradually  increased,  until  50  grammes 
daily  passed  off  in  that  way.  In  the  dog,  however,  Bischoff  and  Voit  found 
that  250  and  300  grammes  (8  "8  and  10  "5  ounces)  of  butter  were  easily 
absorbed.  During  the  digestion  of  the  fats  they  are,  probably,  in  part 
decomposed ;  and  the  fatty  acids  like  the  acids  derived  from  the  starch,  must, 
to  a  certain  extent,  antagonise  the  introduction  of  alkali  in  the  food. 

The  various  carbo-hydrates  are  generally  supposed  to  be  of  equal  value. 
Starch  requires  a  little  more  preparation  by  the  digestive  fluids  than  grape 
sugar,  into  which  it  appears  first  to  pass  ;  but  the  change  is  so  rapid  that  it 
can  hardly  be  made  a  point  of  difference  between  them.  It  is  observable 
however,  that  even  when  sugar  is  very  cheap  and  accessible,  it  is  not  used  to 
replace  starch  entirely ;  but  this,  perhaps,  may  be  a  matter  of  taste. 


Sub-Section  IV. — The  Digestibilttt  op  Food. 

In  order  that  food  shall  be  digested  and  absorbed,  two  conditions  are 
necessary ;  the  food  must  be  in  a  fit  state  to  be  digested,  and  it  must  meet  in 
the  alimentary  canal  with  the  chemical  and  physical  conditions  which 
can  digest  and  absorb  it. 

"Fitness  for  digestibility  depends  partly  on  the  original  nature  of  the  sub- 
stance, as  to  hardness  and  cohesion,  or  chemical  nature,  and  partly  on  the 
manner  in  which  it  can  be  altered  by  cooking.  Tables  of  degree  of  digesti- 
bility have  been  formed  by  several  writers,  and  especially  by  Dr.  Beaumont, 
by  direct  experiment  on  Alexis  St.  Martin ;  but  it  must  be  remembered  that 
these  are  merely  approximative,  as  it  is  so  difficult  to  keep  the  conditions  of 
cooking  equal.  2 

1  Ludvng's  Phys.,  Band  ii.  p.  668. 

2  The  preparation  of  food  by  cooking  is  so  important  a  matter,  that  the  art  of  cookery- 
ought  not  to  be  considered  as  merely  the  domain  of  the  gourmand.  Health  is  greatly 
influenced  by  it,  and  it  is  really  a  subject  to  be  practically  studied  by  chemists  and 
physiologists. 
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■o.  ^  •  w-h.-nriPd  ec^o-s  sago,  tapioca,  Parley,  boiled  milk,  raw  eggs,  lamb, 
Eice,  tripe,  whipped  e^^s^^^^^^^         aid  fricasseed  chicken,  are  the  most 

parsmps,  ^^^f  ^^^^  ^^^^^^^^  order  here  given,-the  rice  disappearing 

easily  digested  sub^^^^^^  fricasseed  chicken  in  2f  hours.  Beef, 

tittroystTrs^b^^^^^^^^^  veal,  boiled  and  roasted  f  owls,  are  rather 

pork,  muttoD,  „  .  j^'^pearing  from  the  stomach  m  three  hours,  and 

less  digesti^^^^^^^^^  PO^l^  ^-PP--^  ^  "i'^''' 

'°'il  aTule  Beaumont  found  animal  food  digested  sooner  than  farinaceous, 

A-  ^.Lnvi\on  to  its  minuteness  of  division  and  tenderness  of  fibre. 
^^Th"  adrxtS:  ?  the  different  classes  of  food  aids  digestibility  ;  thus  fat 
taken  wX  meat  aids  the  digestion  of  the  meat ;  some  of  the  accessory  foods 
probably  increase  the  outpour  of  saliva,  gastric  or  enteric  juice,  &c. 
^  The  degree  of  fineness  and  division  of  food ;  the  amount  of  solidity  and  of 
trituration  which  should  be  left  to  the  teeth  in  order  hat  the  Auid^  of  he 
uiouth  and  salivary  glands  may  flow  out  m  due  proportion ;  the  bulk  of  the 
food  which  should  be  taken  at  once,  are  points  seemingly  slight  but  of  real 
importance.    There  is  another  matter  which  appears  to  affect  digestibility, 

viz.,  variety  of  food.  .    .      ,  i  ^     •  xx. 

Accordina  to  the  best  writers  on  diet,  it  is  not  enough  to  give  the  proxi- 
mate dietetfc  substances  in  proper  amount.  Variety  must  be  introduced  into 
the  food  and  different  substances  of  the  same  class  must  be  alternately 
employed  It  may  appear  singular  that  this  should  be  necessary;  and 
certainly  many  men,  and  most  animals,  have  perfect  health  on  a  very  uni- 
form diet.  Yet,  there  appears  no  doubt  of  the  good  effect  of  variety,  and  its 
action  is  probably  on  primary  digestion.  Sameness  cloys ;  and  with  variety, 
more  food  is  taken,  and  a  larger  amount  of  nutriment  is  introduced.  It  is 
impossible,  with  rations,  to  introduce  any  great  variety  of  food;  but  the 
same  object  appears  to  be  secured  by  having  a  variety  of  cooking.  In  the 
case  of  children,  especially,  a  great  improvement  in  health  takes  place  when 
variety  of  cooking  is  introduced ;  and  by  this  plan  (among  others),  Dr. 
Balfour  succeeded  in  marvellously  improving  the  health  of  the  boys  in  the 
Duke  of  York's  School. 

The  internal  conditions  of  abundance  and  proper  composition  of  the 
alimentary  fluids,  and  the  action  of  the  muscular  fibres  in  moving  the  food, 
80  that  it  shall  be  submitted  to  them,  depend  on  the  perfection  of  the  nervous 
currents,  the  vigour  of  circulation,  and  the  composition  of  the  blood.  Many 
of  the  digestive  diseases  the  physician  has  to  treat  depend  on  alterations  in 
these  conditions,  so  that  the  food  is  only  imperfectly  digested.  Experiments, 
by  Plosz,  Maly,  and  Gyergyai,  seem  to  show  the  value  of  converting  the 
•  albuminates  into  peptones  by  artificial  digestion,  so  as  to  aid  the  digestion  of 
the  sick.2 

In  framing  diets,  it  is  well  to  remember  that  almost  every  article  has 
some  portion  which  is  more  or  less  indigestible,  but  which  is  generally 
included  in  the  calculation  of  its  proximate  or  ultimate  constituents.  The 
proportion  thus  unutilised  varies,  but  it  ranges  on  an  average  from  5  to  10  per 
cent.    Elaborate  tables  are  given  by  Eliigge^  and  Meinert.* 

1  An  extended  table  is  given  in  Cox's  excellent  edition  of  Combe's  Physiology  of  Digestion, 
p.  123. 

2  Ueber- Peptone,  Archiv.  fiir  die  Ges.  Phys.,  Band  ix.  p.  323. 
'  Untersuckungen,  die. ,  p.  424. 

*  Armee-  und  Volks-fimdhrung,  Berlin,  1880,  vol.  i.  pp.  129-131,  in  whicli  he  quotes  from 
Rubner  (Zeiischr.  f.  Biologie,  xv.  u.  xvi.)  and  Voit. 
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SECTION  III. 

DISEASES  CONNECTED  WITH  FOOD. 

So  great  is  the  influence  of  food  on  health,  that  some  writers  have  reduced 
hygiene  almost  to  a  branch  of  dietetics.  Happiness,  arwell  as  health,  is 
considered  to  be  insured  or  imperilled  by  a  good  or  improper  diet,  and  high 
moral  considerations  are  supposed  to  be  involved  in  the  due  performance  of 
digestion.  If  there  is  some  exaggeration  in  this,  there  is  much  truth ;  and 
doubtless,  of  all  the  agencies  which  affect  nutrition,  this  is  the  most  im- 
portant. 

The  diseases  connected  with  food  form,  probably,  the  most  numerous  order 
which  proceeds  from  a  single  class  of  causes ;  and  so  important  are  they,  that  a 
review  of  them  is  equivalent  to  a  discussion  on  diseases  of  nutrition  generally. 

It  is  of  course  impossible  to  do  more  here  than  outline  so  large  a  topic. 

Diseases  may  be  produced  by  alterations  (excess  or  deficiency)  in  quantity; 
by  imperfect  conditions  of  digestibility,  and  by  special  characters  of  quality. 

Sub-Section  I. — Alterations  in  Quantity. 

1.  Excess  of  Food. — In  some  cases,  food  is  taken  in  such  excess,  that  it  is 
not  absorbed  ;  it  then  undergoes  chemical  changes  in  the  alimentary  canal, 
and  at  last  putrefies  ;  quantities  of  gas  (carbon  dioxide,  carburetted  hydrogen, 
and  hydrogen  sulphide)  are  formed.  As  much  as  30  Bb  of  a  half-putrid  mass 
have  been  got  rid  of  by  purgatives.^  Dyspepsia,  constipation,  and  irritation, 
causing  diarrhoea,  which  does  not  always  empty  the  bowels,  are  produced. 
Sometimes  some  of  the  putrid  substances  are  absorbed,  as  there  are  signs  of 
evident  poisoning  of  the  blood,  a  febrile  condition,  torpor  and  heaviness,  fsetor 
of  the  breath,  and  sometimes  possibly  even  jaundice.  It  was,  no  doubt,  cases 
of  this  kind  which  led  to  the  routine  practice  of  giving  purgatives ;  and  as 
this  condition,  in  a  moderate  degree,  is  not  uncommon,  the  use  of  purgatives 
will  probably  never  be  discontinued. 

The  excess  of  food  may  be  absorbed.  The  amount  of  absorption  of  the 
different  alimentary  principles  is  not  precisely  known.  Dogs  can  digest  an 
immense  quantity  of  meat,  and  especially  if  they  are  fed  often;  and  not 
simply  largely,  once  or  twice  a  day.  In  men,  also,  much  meat  and  albumin- 
ous matter  can  be  digested,^  though  it  is  by  no  means  uncommon,  in  large 
meat-eaters,  to  find  much  muscular  fibre  in  the  faeces.  Still,  enough  can  be 
taken,  not  merely  to  give  a  large  excess  of  nitrogen,  but  even  to  supply 
carbon  in  sufficient  quantity  for  the  wants  of  the  system. 

There  is  certainly  a  limit  to  the  digestion  of  starch  (though  sugar,  how- 
ever, is  absorbed  in  large  amount),  as  after  a  very  large  meal  much  starch 
passes  unaltered.  This  is  also  the  case  with  fat.  But  in  all  cases,  habit 
probably  much  affects  the  degree  of  digestive  power;  and  the  continued 
use  of  certain  articles  of  diet  leads  to  an  increased  formation  of  the  fluids 
which  digest  them. 

When  excess  of  albuminates  continually  passes  into  the  system,  congestions 
and  enlargements  of  the  hver,  and  probably  other  organs,  and  a  general  state 
of  plethora,  are  produced.    If  exercise  is  not  taken  at  the  same  time,  there  is 

1  A  good  case  of  this  kind  is  recorded  by  Eouth  [Fcecal  Fermentation,  p.  19).  Some  con- 
victs in  Australia  received  from  7\  to  7i  K)  of  food  daily.  Obstinate  constipation  dyspepsia, 
diarrhcca,  skin  diseases,  and  ophthalmia  were  produced.  Purgatives  brought  away  large  quan- 
tities of  half-putrid  masses.  . 

2  Jones's  and  especially  Hammond's  experiments,  Experimental  Kesearc/ies,  185/,  p.  20. 
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a  disproportion  between  the  absorbed  oxygen  and  the  absorbed  albuminates, 
which  must  lead  to  imperfect  oxidation,  and  therefore  to  retention  in  the 
body  of  some  substances,  or  to  irritation  of  the  eliminating  organs  by  the 
passage  through  them  of  products  less  highly  elaborated  than  those  they  are 
adapted  to  remove. 

Although  not  completely  proved,  it  is  highly  probable  that  gouty  affec- 
tions arise  partly  in  this  way,  partly  probably  from  the  use  of  liquids  which 
delay  metamorphosis,  and  therefore  lead  to  the  same  result  as  increased 
ingestion,  and  in  some  degree  also  from  the  use  of  indigestible  articles  of  food. 

Very  often  large  meat-eaters  are  not  gouty,  and  do  not  appear  in  any  way 
over-fed.  In  this  case  either  a  great  amount  of  exercise  is  taken,  or,  as  is 
often  the  case  in  these  persons,  the  meat  is  not  absorbed,  owing  frequently 
to  imperfect  mastication. 

A  great  excess  of  albuminates,  without  other  food,  produces,  in  a  short 
time  (fi.ve  days — Hammond)  marked  febrile  symptoms,  malaise,  and  diar- 
rhoea ;  and  if  persevered  in,  albumen  appears  in  the  urine.  Eanke  has  attri- 
buted the  depression  especially  to  the  effect  of  the  salts  of  the  meat. 

Excess  of  starches  and  of  fats  delays  the  metamorphosis  of  the  nitrogenous 
tissues  and  produces  excess  of  fat.  Sometimes  acidity  and  flatulence  are 
caused  by  the  use  of  much  starch.  It  is  not  understood  if  prof  ounder  diseases 
follow  the  excessive  use  of  starches,  unless  decided  corpulence  is  produced, 
when  the  muscular  fibres  of  the  heart  and  of  many  voluntary  muscles  lessen 
in  size,  and  the  consequences  of  enfeebled  heart's  action  occur.  "SVhen 
an  excessive  quantity  of  starch  is  used  to  replace  albuminates,  in  physio- 
logical experiments,  the  condition  becomes  of  course  a  complex  one. 

If  an  excess  of  starch  be  taken  under  any  circumstances,  much  passes  into 
the  f^ces,  and  the  urine  often  becomes  saccharine. 

There  may  be  also  excess  of  food  in  a  given  time ;  that  is,  meals  too  fre- 
quently repeated,  though  the  absolute  quantity  in  twenty-four  hours  may  not 
be  too  great. 

2.  Deficiency  of  Food. — The  long  catalogue  of  effects  produced  by  famine 
is  but  too  wen  known,  and  it  is  unnecessary  to  repeat  it  here.  But  the 
effects  produced  by  deficiency  in  any  one  of  the  four  great  classes  of  aliments, 
the  other  classes  being  in  normal  amount,  have  not  yet  been  perfectly  studied. 

The  complete  deprivation  of  albuminates,  without  lessening  of  the  other 
classes,  produces  marked  effects  only  after  some  days.  In  a  strong  man  kept 
only  on  fat  and  starch,  Dr.  Parkes  found  full  vigour  preserved  for  five  days  ; 
in  a  man  in  whom  the  amount  of  nitrogen  was  reduced  one  half,  full  vigour 
was  retained  for  seven  days.  If  the  abstention  be  prolonged,  however,  there 
is  eventually  great  loss  of  muscular  strength,  often  mental  debility,  some 
feverish  and  dyspeptic  symptoms.  Then  follow  an£emia  and  great  prostration. 
The  elimination  of  nitrogen  in  the  form  of  urea  greatly  lessens,  though  it 
never  ceases,  _  while  the  uric  acid  diminishes  in  a  less  degree.  If  starch  be 
largely  supplied,  the  weight  of  the  body  does  not  lessen  for  seven  or  eight 
days  (Hammond). 

li  the  deprivation  of  albuminates  be  less  complete  (70  to  100  grains  of 
nitrogen  being  given  daily),  the  body  gradually  lessens  in  activity,  and  passes 
into  more  or  less  of  an  adynamic  condition,  which  predisposes  to  the  attacks 
of  aU  the  specific  diseases  (especially  of  malarious  affections  and  typhus),  and 
of  pneumonia,  and  modifies  the  course  of  some  of  these  diseases  as'  for 
instance,  of  typhoid,  which  runs  its  course  with  less  elevation  of  temperature 
than  usual,  and  with  less  or  with  no  excess  of  ureal  excretion. 
,  J?^®/^®P"^^*ion  of  starches  can  be  borne  for  a  long  time  if  fat  be  given 
but  if  both  fat  and  starch  are  excluded,  though  albuminates  be  supplied,  ill- 
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ness  is  produced  in  a  few  days.  Nor  is  it  difficult  to  explain  this  :  as  albumen 
contains  53*3  per  cent,  of  total  carbon  (of  which  about  49  per  cent,  is  avail- 
able for  nutrition)  and  15-5  per  cent,  of  nitrogen,  to  supply  3,500  grains  of 
carbon, ^  no  less  than  1139  grains  of  nitrogen  must  be  introduced,  a  quantity 
three  times  as  great  as  the  system  can  easily  assiuiilate,  unless  enormous 
exertion  be  taken,  and  then  the  quantity  of  carbon  becomes  insufficient. 

Men  can  be  fed  on  meat  for  a  long  time,  as  a  good  deal  of  fat  is  then  intro- 
duced, and  if  the  meat  be  fresh  (and  raw  1),  scurvy  is  not  readily  induced. 

The  deprivation  of  fat  does  not  appear  to  be  well  borne,  even  if 
starches  be  given  ;  but  the  exact  effects  are  not  known.  The  great  re- 
medial effects  produced  by  giving  fat  in  many  of  the  diseases  of  obscure 
malnutrition,  prove  that  the  partial  deprivation  of  fat  is  both  more  common 
and  more  serious  than  is  supposed.  In  all  the  diets  ordered  for  soldiers, 
prisoners,  &c.,  the  fat  is  greatly  deficient  in  every  country.  Tlie  deprivation 
of  the  salts  is  also  evidently  attended  with  marked  results,  which  are  worthy 
of  more  attention  than  they  have  yet  received. 

Bad  effects  are  also  produced  if  the  intervals  between  meals  are  too  long ; 
this  is  a  matter  in  which  there  is  great  individual  difference,  and  need  not  be 
further  referred  to. 

Sub-Section  II. — Conditions  op  Digestibility  and  Assimilation. 

A  great  number  of  diseases  are  produced,  not  by  alterations  in  quantity  or 
by  imperfections  in  quality  of  the  raw  food,  but  by  conditions  of  indigesti- 
bility,  either  dependent  on  physical  or  chemical  conditions  of  the  food  itself, 
or  of  the  digestive  fluids.  To  some  persons  certain  foods  are  indigestible  at 
all  times,  or  at  particular  times.  Indigestibility  leads  to  retention,  and  then 
to  the  results  of  retention,  viz.,  chemical  changes  and  putrefaction  going  on 
in  the  stomach  and  bowels  under  the  influence  of  warmth,  moisture,  and  air. 
Then  irritation  is  produced,  and  dyspepsia,  diarrhoea,  or  dysentery  is  caused. 

Indigestibility  extends,  however,  farther  than  this.  There  is  some  reason 
for  thinking  that  the  albuminates  sometimes  pass  into  the  circulation  less 
properly  prepared  than  usual  to  undergo  the  action  of  the  liver,  and  that  they 
therefore  produce  irritation  of  that  organ,  and  passing  into  the  blood  in  some 
unassimilable  state,  produce  irritation  of  the  skin  or  kidneys.  Sometimes, 
indeed,  albmnin  appears  in  the  urine,  as  if  it  had  circulated  like  a  foreign 
body  in  the  blood.  Such  conditions  are  usually  allied  to  some  evident  error 
in  primary  digestion,  but  occasionally  are  not  obviously  accompanied  by  any 
gastric  disorder.  Whether  there  is  any  similar  imperfection  in  the  digestion 
of  starch  or  fat  is  not  at  present  known. 

Sub-Section  III. — Conditions  op  Quality. 

Altered  quality  of  what  is  otherwise  good  food  produces  a  great  number 
of  diseases.  Most  of  these  are  referred  to  under  the  headings  of  the  different 
articles  of  food,  and  the  subject  is  merely  introduced  here  to  complete  the 
general  sketch  of  the  production  of  disease  from  food. 

In  inquiring,  then,  into  the  effect  of  food,  the  following  appears  to  be  the 
best  order  of  procedure  : — 

1.  Is  the  food  excessive  or  deficient  in  quantity  as  a  whole  or  in  any  of 

the  primary  classes  of  aliments  ? 

2.  Are  the  different  articles  digestible  and  assimilable,  or,  from  sonu^ 

cause  inherent  in  the  food  or  proper  to  the  individual,  is  there 
difficulty  in  primary  digestion  or  want  of  proper  assimilation  1 

3.  Is  the  quality  of  the  food  altered  either  before  or  after  cooking? 
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QUALITY-,  CHOICE,  AND  COOKING  OF  FOOD,  AND  DISEASES 
'  ATTRIBUTABLE  TO  IMPROPER  QUALITY. 

SECTION  L 
MEAT. 

The  advantages  of  meat  as  a  diet  are— its  large  amount  of  nitrogenous  sub- 
stance, the  union  of  this  with  much  fat,  the  presence  of  important  salts  (viz., 
chloride  of  potassium,  phosphate,  and  carbonate  of  potassium,  or  a  salt  form- 
ing carbonate  in  incineration),  and  iron.  It  is  also  easily  cooked,  and  is  very 
digestible ;  it  is  probably  more  easily  assimilated  than  any  vegetable,_  and 
there  is  a  much  more  rapid  metamorphosis  of  tissue  in  carnivorous  animals 
than  in  vegetable  feeders.  Whether  the  use  of  large  quantities  of  meat 
increases  the  bodily  strength  or  the  mental  faculties  more  than  other  kinds  of 
nitrogenous  food  is  uncertain.  The  great  disadvantage  of  meat  is  the  want 
of  starch. 

The  composition  of  fresh  and  salt  meat  has  been  already  given  j  but  the 
annexed  table  will  supply  further  details  : — 

Composition  of  Fresh  Beef.    {Molescliott—Mean  of  all  the  Continental 

Analyses.) 


Water,     .       .       .       .       .       .       •       .  73-4 

Soluble  albumen  and  htematin,   .       .        .       .  2-25 

Insoluble  albuminous  substances,  .  .  .  15  "2 
Gelatinous  substances,       ,       .       .       .       .  3-3 

Fat,i  2-87 

Extractive  matters,    .       .       .       .       .        .  1*38 

Kreatin,  0-068 

Ash,  1-6 


It  is  worthy  of  remark,  that  StolzeP  found  89  per  cent,  of  carbonic  acid 
in  100  of  ash,  which  indicates  probably  lactic  acid.  Are  the  anti-scDibutic 
properties  of  fresh  and  raw  if)  meat  connected  with  this  acid,  and  is  it  de- 
stroyed by  cooking  %  More  than  one-third  of  the  ash  is  composed  of  phosphoric 
acid.    It  is  alkaline. 

Beef,  mutton,  and  pork  form  the  chief  meats  eaten  by  the  soldier. 

In  time  of  peace  he  only  receives  as  fresh  meat  beef  and  mutton,  and  more 
seldom  pork;  in  time  of  war  he  has  salt  beef  and  salt  pork.^    The  meat  is 

^  The  amount  of  fat  in  this  analysis  is  certainly  too  low. 

2  Liebig's  Annalen,  Band  Ixxvii.  p.  256. 
Professor  Morgan  of  Dublin  projiosed  the  following  plan  of  salting,  which  in  certain  cases 
rftight  be  usefully  employed  :— Immediately  after  death  the  thorax  is  opened  and  a  pipe  inserted 
into  the  left  ventricle  ;  the  pipe  is  connected  by  an  india-rubber  tube,  with  a  tank  of  brine 
placed  at  a  few  feet  elevation,  and  through  this  the  vessel  is  injected.  After  tlie  blood  has 
been  driven  out  through  the  right  auricle,  the  exit  is  closed,  and  the  pressure  forces  the  brine 
into  the  smallest  ramifications  of  the  vessels.    The  process  is  finished  in  ten  to  twenty  minutes  ; 
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supplied  by  contractors,  or  is,  at  some  stations,  f  urnislied  by  the  commissariat, 
who  have  their  own  slaughter-houses.  n    .    •  i;f^ 

The  medical  officer  may  be  called  on  to  see  the  animals  during  hfe,  or  to 

examine  the  meat. 

Sub-Seotion  I. — Inspection  of  Animals. 
Animals  should  be  inspected  twenty-four  hours  before  being  killed. i-In 

■  •       :i    L       tvnnirs  onlv  ten  or  twelve  hours  previously. 

Til  s  S.lu  d  "  8^^^  well  nourished,  Ld  neither  too  young  nor 
too  "d  The  Sesh  of  young  animals  is  less  rich  in  salts,  fat,  and  syntonm, 
and  also  loses  mneh  weight  (40  to  70  per  cent.)  «;cookmg^ 

Ti^  •  7,^     An  nv  should  weish  not  less  than  600  lb,  and  will  range  ii uin 

Minimum  of  the  cow's  weight  at  160  kilogrammes  ( =  362  ft).    The  mean 

^eSlrS  the  one  most  corn^ 

lungs,  and  spleen,  &c.2  ^  difference  in  dif- 

feriKt^^^rtalryir^^^^^^       P»  cent,  of  avaUahle 

Afull-rown  pig  weighs  from  100  to  180  ft  or  more,  and  yields  ateut  76 
to  80  per-cent.  of  -ailaUe  food        ^^^^^^      ^^^^  ^^^^  , 
4i,«.-The  age  01  the  0  ^^^^    ^^^^^^^^  ^  The 

the  age  is  told  "''"f  y  ?  .  '^.j  hirth,  and  all  the  incisors  are  through 

temporary  teeth  ^  '° J^'' *;„X|\;'cl  third  pairs  of  temporary  molars  are 
in  twenty  days ;  the  ™t,  sec»M,  >  i  ^^^^^^  ^^^1,  „th3, 

through  in  thirty  days ;  the  teeH^  are  8  °™     "j^y     l-  y^^^  ^„,ti,s  ;  the 

by  the  sixth  month ;  they  g™'»3  j„„rth  month ;  the  fifth  at  the 

fourth  Pe^a-"' ™  m  teeth'begin  to  fall  at 

rnthTlee»tpS?:fS^"« 

^id  is  composed  of  iBllon  o  ta^^^^ 


the  meat  istnen  uuu  ^i^,  in,,      brine  to  the  cwt.,  j  uu  5         x.x.x.,  -     -  -    c,  - 

injected  fluid  is  composed  of  1  ,vhich  serves  more  completely  to  retain  the 

litile  spice,  salt,  and  |  ^Jj.^^^S^^       acid.    The  brine  can  be  used  hot.    Thi.  is 
albumen,  and  also  adds  a  1"'  ,| 

excellent  plan,  but  the  meat  IS  too  sail.  of  J^.,^^^^ 

1  Everv  contract  should  have  a  clause  g  v.ng  othcer,s  t^^^P  .^^^^^^^^  ^^^^  ^^.^^^^^      ,  ^,,,1 

2  The  animal  is  divided  into  carcass  '-^i  ^  "^^^^^ 'Xn^^^  vessels,  and  fat,  antl  the  kuiu'^y'^;'!"  ; 
(except  the  head  an.l  ieet),  with  the  '1";?^  '^^f^^^J^rS^  skin,  and  all  internal  organs,  except 
fnt«nrroundin2them.    The  oflal  includes  the  lieaa,  le  ,  .    .,  . 


fat  surrounding  them.    j..i>:>    -x  ,  „f  o,, 

the  kidneys.  ,  .  ,      perfection  of  ox  beef,  on  the  authority  ot  an 

3  Dr  Pavy  gives  four  years  for  the  higuesi  pene 
"  intelligent  and  experienced  grazier. 
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temporary  molars  at  thirty  months  ;  third  temporary  molars  at  thirty  months 
to  three  years ;  third  and  fourth  temporary  incisors  at  thirty-three  months  to 
three  years.  The  development  is  quite  complete  at  from  five  to  six  years.  At 
that  time  the  border  of  the  incisors  has  been  worn  away  a  little  below  the 
level  of  the  grinders.  At  six  years  the  first  grinders  are  beginning  to  wear, 
and  are  on  a  level  with  the  incisors.  At  eight  years  the  wear  of  the  first 
grinders  is  very  apparent.  At  ten  or  eleven  years  the  used  surfaces  of  the  teeth 
begin  to  bear  a  square  mark  surrounded  with  a  white  line ;  and  this  is  pro- 
nounced on  all  the  teeth  by  the  twelfth  year ;  betvi^een  the  twelfth  and  four- 
teenth year  this  mark  takes  a  round  form. 

The  rings  on  the  horns  are  less  useful  as  guides.  At  ten  or  twelve  months 
the  first  ring  appears  ;  at  twenty  months  to  two  years,  the  second ;  at  thirty 
to  thirty-six  months,  the  third  ring :  at  forty  to  forty-six  month s^  the  fourth 
ring ;  at  fifty-four  to  sixty  months,  the  fifth  ring,  and  so  pn.  But  at  the  fifth 
year  the  three  first  rings  are  indistinguishable,  and  at  the  eighth  year  all  the 
rings.    Besides,  the  dealers  file  the  horns. 

In  the  sheep,  the  temporary  teeth  begin  to  appear  in  the  first  week,  and 
fill  the  mouth  at  three  months;  they  are  gradually  worn  and  fall  about 
fifteen  or  eighteen  months.  The  fourth  permanent  grinders  appear  at  three 
months,  and  the  fifth  pair  at  twenty  to  twenty-seven  months.  A  common  rule 
is  "two  broad  teeth  every  year."  The  wear  of  the  teeth  begins  to  be 
marked  about  six  years. 

The  age  of  the  pig  is  known  up  to  thi-ee  years  by  the  teeth ;  after  that 
there  is  no  certainty.  The  temporary  teeth  are  complete  in  three  or  four 
months;  about  the  sixth  month,  the  premolars,  between  the  tusks  and 
the  first  pair  of  molars,  appear;  in  six  or  ten  months,  the  tusks  and 
posterior  incisors  are  replaced ;  in  twelve  months  to  two  years,  the  other 
incisors ;  the  four  permanent  molars  appear  at  six  months ;  the  fifth  pair  at 
ten  months ;  and  the  sixth  and  last  molars  at  eighteen  months. 

Condition  and  Health.— There  ought  to  be  a  proper  amount  of  fat,  which 
IS  best  felt  on  the  false  ribs  and  the  tuberosities  of  the  ischia,  and  the  line 
of  the  belly  from  the  sternum  to  the  pelvis ;  the  flesh  should  be  tolerably 
firm  and  elastic ;  the  skin  should  be  supple. 

As  showing  health,  we  should  look  to  the  general  ease  of  movements,  the 
quick  bright  eye  ;  the  nasal  mucous  membrane  red,  moist,  and  healthy-looking  ; 
the  tongue  not  hanging ;  the  respiration  regular,  easy;  the  expired  air  without 
°  xStI'     •  tranquil ;  the  excreta  natural  in  appearance. 

When  sick,  the  coat  is  rough  or  standing  ;  the  nostrils  dry  or  covered  with 
toam;  the  eyes  heavy;  the  tongue  protruded;  the  respiration  difiicult; 
movements  slow  and  difficult;  there  may  be  diarrhoea;  or  scanty  or  bloody 
urine,  &c.    In  the  cow  the  teats  are  hot. 
The  diseases  of  cattle  which  the  medical  officer  should  watch  for  are— 
1.  Uptdemic  Pleuro-pnmmonia  (or  lung  disease).— i^Tot  easily  recognised 

at  first,  but  with  marked  lung  symptoms  after  a  few  days. 
^.  Foot  and  Mouth  Disease  (murrain,  aphtha,  or  eczema  epizootica).— 
o^ce  recognised  by  the  examination  of  the  mouth,  feet,  and  teats. 
6.  Cam  Plague  (typhus  contagiosus.  Steppe  disease,  Einderpest)  — 
Itecognised  by  the  early  prostration  (hanging  of  head,  droopincr  of 
ears),  shivering,  running  from  eyes,  nose,  and  mouth,  peculiar  con- 
dition of  tongue  and  lips,  cessation  of  rumination,  and  then  bv 
abdominal  pain,  scouring,  &c. 
4.  Anthrax  (malignant  pustule,  carbunciilar  fever).— If  boils  and  car 

k  ca  Ip/T'v  T  ''^  recognised ;  if  there  is  erysipelas,  it 
18  called  black  quarter,  quarter  ill,  or  blackleg  (erysipelas  carbin- 


214 


FOOD. 


ciilosuin),  and  is  easily  seen.    Tlis  peculiar  organism,  Bacillus 
anthmcis,  may  be  detected. 

5.  Bimple  inflammatory  affections  of  the  lungs,  bronchitis,  and  simple 

pneumonia.    All  have  obvious  symptoms. 

6.  Dropsical  affections  from  kidney  or  heart  disease. 

7.  Indigestion,  often  combined  with  apoplectic  symptoms. 

A  great  number  of  other  diseases  attack  cattle,  which  it  is  not  necessary  to 
enumerate.  All  the  above  are  tolerably  easily  recognised.  The  presence  of 
Tania  mediocanellata  cannot,  it  would  seem,  be  detected  before  death. 

The  diseases  of  sheep  are  similar  to  those  of  cattle ;  they  suffer  also  in 
certain  cases  from  splenic  apoplexy  or  "  braxy, "  which  is  considered  by 
Professor  Gamgee  to  be  a  kind  of  anthrax,  and  is  said  to  kill  50  per  cent,  of 
all  young  sheep  that  die  in  Scotland ;  the  animals  have  a  "  peculiar  look, 
staggering  gait,  blood-shot  eyes,  rapid  breathing,  full  and  frequent  pulse, 
scanty  secretions,  and  great  heat  of  the  body."i 

The  smallpox  in  sheep  (variola  ovina,  clavelee  of  the  Trench)  is  easily 
known  by  the  flea-bitten  appearance  of  the  skin  in  the  early  stage,  and  by  the 
rapid  appearance  of  nodules  or  papulse  and  vesicles. 

The  sheep  is  also  subject  to  black  quarter  (Erysipelas  carbunculosmn)  ;  one 
limb  is  affected ;  and  the  limp  of  the  animal,  the  fever,  and  the  rapid  sweU- 
ing  of  the  limb,  are  sufficient  diagnostic  marks. 

The  sheep,  of  course,  may  suffer  from  acute  lung  affection,  scouring,  red 
water  (hajmaturia),  and  many  other  diseases.    Of  the  chronic  lung  affections, 
one  of  the  most  important  is  the  so-called  "phthisis,"  which  is  produced  by 
the  ova  of  Btrongylus  filaria.    This  entozoon  has  not  yet  been  found  m  the 
muscles,  and  the  meat  is  said  to  be  good.    The  rot  in  sheep  (fluke  disease)  is 
caused  by  the  presence  of  Distoma  hepaticum  in  large  numbers  m  the 
liver,  and  sometimes  by  other  parasites.    The  principal  symptoms  are  dulness, 
sluggishness,  followed  by  rapid  wasting  and  pallor  of  the  mucous  membrane, 
diarrhoea,  yellowness  of  the  eyes,  falling  of  the  hair,  and  dropsical  swelhngs 
The  animal  is  supposed  to  take  in  Cercaria  (the  embryotic  stage  of  distoma) 
from  the  herbage     The  so-called  "  gid,"  "  sturdy,"  or  "  turnsick,'  is  caused 
by  the  development  of  Coinurus  cerebralis  m  the  bram.       ,    ^    ,  . ,  , 
The  pig  is  also  attacked  by  anthrax  in  different  forms,  by  typhoid,  and 
by  hog  cholera.2    Tlie  swelling  in  the  first  case,  and  the  scouring  fever,  and 
prostration  in  the  second,  are  sufiicient  diagnostic  marks.    In  1864,  a  severe 
fever  of  this  kind,  with  or  without  scouring,  prevailed  among  the  pigs,  m 

^'?hrso-called  measle  of  the  pig  is  caused  by  the  presence  in  tlie  muscle  of 
Cvsticercus  cdlnloscv.  It  is  detected  in  the  following  way  :-The  measle 
tt  pig  on  its  back,  draws  out  and  wipes  thetongiie,  and  looks 
and  feels  for  the  sublingual  vesicles  containing  the  Cystuerci.  Sometimes  a 
Ht  s  cut  out  of  the  muscle  under  the  tongue,  and  the  Cyshcercr  are 
Dip  IS  cut  out  harnoon  can  be  used  for  this  purpose, 

microscopically  examined.    A  smaii  narpuuu  ^  -u^  ^^^^  nr.  tiiP  rnu- 

and  Rives  little  pain.  Sometimes  the  Cysticercus  csjx  be  seen  on  the  con 
iuncttror  on  the  folds  of  the  anus.  When  the  disease  is  far  advanced,  the 
aXTis  dull"  the  eyes  heavy^appeti^^ 

1  Fifth  Report  of  the  Medical  Officer  to  the  ^!;5^{;.Jn87iu appointed  out  that  the  pig  is 

2  Dr.  Cohhold  (Monthly  Microscopical  '  ^o^-  IS^l  dmtaixis).  his 
affected,  both  in  A.nerica  and  A^^^^^^  M  Jul  S  at  first  free  and  then  encysted  ;  the 
worm  IS  found  chielly  though  not  solely  m  tlie  '  diameter.  The  full  grown  worm 
cyst  is  large,  and  may.be  1^  inch  in  l-iigth  and  ^  nch  m  J-mct.  .^^^^         ^^.^  ^^^^ 

may  be  as  much  as  l.")  inch  m  length,    liiree  to  six  Lp,g.>  ^  "\\os 
worms  migrate.    Dudng  their  migration,  it  has  been  sm-mised  that  tbej  cause  tue 
cholera. " 


INSPECTION  OF  DEAD  MEAT. 


215 


not  peculiar  •  there  is  said  to  he  sometimes  tenderness  m  the  groin  (Greve), 
but  accordb.^  to  Delpech,  this  is  very  uncertain ;  a  better  sign  is  a  certain 
amoun  of  rwdling  of  the  shoulder,  which  causes  a  sort  of  constriction  of  the 
3  and  somewhat  impedes  the  movements  of  the  animals  Deplech  .  _  The 
llls^ToTTncMna  spiralis  is  indetectable  before  death,  unless  found  m  the 
muscles  under  the  tongue. 

Sub-Section  II.— Inspection  of  Dead  Meat.i 
1.  Fresh  Meat 

Meat  should  be  inspected,  in  temperate  climates,  twenty-four  hours  after 
being  killed ;  in  the  tropics,  earlier. 

The  following  points  must  be  attended  to  : —  i    •  . 

(a)  Quantity  of  Bone.— In  lean  animals,  the  bone  is  relatively  m  too  great 
proportion ;  taking  the  whole  meat,  20  per  cent,  should  be  allowed. 
•  (b)  QuaniUy  and  Character  of  the  Fat— It  should  be  sufficient,  yet  not 
excessive,  else  the  relative  proportion  of  albuminous  food  is  too  low;  it 
should  be  firm,  healthy-looking,  not  like  jelly,  or  too  yellow;  without 
heemorrhage  at  any  point.  The  kind  of  feeding  has  an  effect  on  the  colour  ot 
the  fat ;  some  oil-cakes  give  a  marked  yellow  colour. 

Professor  Gamgee  states  that  pigs  fed  on  flesh  have  a  peculiarly  soft 
diffluent  fat,  and  emit  a  strong  odour  from  their  bodies.  The  same  authority 
tells  us  that  the  butchers  will  rub  melted  fat  over  the  carcass  of  thin  and 
diseased  animals,  to  give  the  glossy  look  of  health. 

(c)  Condition  of  the  Flesh.— The  muscles  should  be  firm,  and  yet  elastic  ; 
not  tough ;  the  pale  moist  muscle  marks  the  young  animal,  the  dark-coloured 
the  old  one;  the  muscular  fasciculi  are  larger  and  coarser  in  bulls  than 
oxen.  A  deep  purple  tint  is  said  to  indicate  that  the  animal  has  not  been 
slaughtered,  but  has  died  with  the  blood  in  it  (Letheby).  When  good  meat  is 
placed  on  a  white  plate,  a  little  reddish  juice  frequently  flows  out  after  some 
hours.  Good  meat  has  a  marbled  appearance  from  the  ramifications  of  little 
veins  of  fat  among  the  muscles  (Letheby).  There  should  be  no  lividity  on 
cutting  across  some  of  the  muscles ;  the  interior  of  the  muscle  should  be  of 
the  same  character,  or  a  little  paler;  there  should  be  no  softening, 
mucilaginous  fluid,  or  pus,  in  the  intermuscular  cellular  tissue.  This  is  an 
important  point,  which  should  be  closely  looked  to.  The  intermuscular 
tissue  becomes  soft,  and  tears  easily  when  stretched  in  commencing 
putrefaction. 

The  degree  of  freshness  of  meat  in  commencing  putrefaction  is  judged  of 
by  the  colour,  which  becomes  paler ;  by  the  odour,  which  becomes  at  an  early 
stage  different  from  the  not  unpleasant  odour  of  fresh  meat,  and  by  the 
consistence.  Afterwards,  the  signs  are  marked ;  the  odour  is  disagreeable, 
and  the  colour  begins  to  turn  greenish.^    It  is  a  good  plan  to  push  a  clean 


In  the  city  of  London,  about  1  ton  in  750  tons  is  condemned,  but  much  escapes  detection. 


to  condemn  the  flesh  of  animals  infected  with  certain  parasites,  such  as  measles  and  flukes,  &c., 
and  of  animals  suff'ering  from  fever  or  acute  inflammatory  affections,  or  rinderpest,  pleuro- 
pneumonia, and  the  fever  of  parturition,  and  of  animals  emaciated  by  lingering  disease,  and 
those  which  have  died  from  accident  or  from  natural  causes,  as  well  as  all  meat  tainted  with, 
physic,  or  in  a  high  state  of  putrefaction."  {Ibid. ,  p.  210.)  It  may  be  a  question  if  meat  should 
be  condenmed  in  some  of  these  cases,  as,  for  instance,  pleuro-pneumonia.  In  India,  meat 
with  (Jysticerci  is  now  ordered  to  be  received,  but  to  be  carefully  cooked  ;  but  it  would  be  very 
difficult  to  ensure  that  proper  cooking  shall  be  always  had  recourse  to. 

^  In  diseased  meat  there  is  a  disagreeable  odour,  sometimes  a  smell  of  physic  ;  very  discover- 
able when  the  meat  is  chopped  up  and  drenched  with  warm  water. 
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knife  into  the  ficsli  up  to  its  hilt.  In  good  meat  the  resistance  is  uniform ; 
in  putrefying  meat,  some  parts  are  "softer  than  others.  The  smell  of  the 
knife  is  also  a  good  test.    Cysticerci  and  Trichinai  should  be  looked  for. 

{d)  Condition  of  the  Marrow. — In  temperate  climates  the  marrow  of  the 
hind  legs  is  solid  twenty-four  hours  after  killing ;  it  is  of  a  light  rosy  red. 
If  it  is  soft,  brownish,  or  with  black  points,  the  animal  has  been  sick,  or 
putrefaction  is  commencing.  The  marrow  of  the  fore  legs  is  more  diffluent ; 
something  like  honey — of  a  light  rosy  red. 

(e)  Condition  of  Lungs  mid  Liver. — Both  should  be  looked  at  to  detect 
Strongylus filaria  in  the  lungs;  Distoma  in  the  liver;  also  for  the  presence 
of  multiple  abscesses. 

if)  To  detect  cattle  plague,  the  mouth,  stomach,  or  intestines  must  be 
seen ;  no  alterations  have  as  yet  been  pointed  out  in  the  naked-eye  appearance 
of  the  muscles,  though  under  the  microscope  they  are  found  to  be  degenerat- 
ing like  the  muscles  in  human  typhoid  (Buchanan). 

But  meat  cannot  be  fully  judged  of  till  it  has  been  cooked,  so  as  to  see 
how  much  it  loses  in  roasting  or  boiling ;  whether  the  fibres  cook  hard,  &c. 

In  countries  where  there  are  goats,  the  attached  foot  of  the  sheep  should 
be  sent  in  for  identification. 

Decomposing  sausages  are  difficult  of  detection  until  the  smell  alters. 
Artmann  recommends  mixing  the  sausage  with  a  good  deal  of  water,  boiling 
and  adding  freshly-prepared  hme  water.  Good  sausages  give  only  a  faint 
not  unpleasant,  ammoniacal  smell;  bad  sausages  give  a  very  offensive, 
peculiar  ammoniacal  odour. 


Microscopic  Examination  of  Meat. 

In  the  flesh  of  cattle,  or  of  the  pig,  Cysticerci  may  be  found.  They  are 
generally  visible  to  the  naked  eye  as  small  round  bodies ;  when  placed  under 
a  microscope  with  low  power,  their  real  nature  is  seen  ;  they  are  sometimes 
so  numerous  as  to  cause  the  flesh  to  crackle  on  section.  The  smallest 
Cysticercus  noticed  by  Leuckart  in  the  pig  was  about  ^^ths  of  an  inch  long 
and  -^th.^  broad  ;  but  they  are  generally  much  larger,  and  will  reach  to  j^ths 
or  iV^is  or  fths  of  an  inch.  In  some  countries  they  are  extremely  common  in 
cattle,  and  have  been  a  source  of  considerable  trouble  in  North- West  India. 
Cysticercus  of  the  ox  produces  in  man  Tmnia  mediocanellata.  In  sheep 
Cobbold  has  described  a  smaU  Cysticercus  with  a  double  crown  of  hooks,  26 
in  number.  He  thinks  that  possibly  a  special  Tmnia  may  arise  from  this.i 
In  diagnosing  Cysticerci  of  pork  the  booklets  should  always  be  seen. 

Trichinai  may  be  present  in  the  flesh  of  the  pig  ;  if  encapsuled  they  wiU 
be  seen  with  the  naked  eye  as  smaU  round  specks;  but  very  often  a 
miscroscope  is  necessary.  A  power  of  50  to  100  diameters  is  sufficient  The 
best  plan  is  to  take  a  thin  slice  of  flesh ;  put  it  into  Hquor  potass^  (1  part  to 
8  of  water),  and  let  it  stand  for  a  few  minutes  tiH  the  muscle  becomes  clear ; 
it  must  not  be  left  too  long,  otherwise  the  Trichinae  wiU  be  dtoyed. 
The  white  specks  come  out  clearly,  and  the  worm  wiH  be  seen  coiled  t|).  If 
the  capsule  is  too  dense  to  allow  the  worm  to  be  seen,  a  drop  or  two  of^weak 
hydrochloric  acid  should  be  added.  If  the  meat  is  very  fat,  a  little  ether  or 
benzine  may  be  put  on  it  in  the  first  place.  The  parts  most  likely  to  be 
infected  are  said  to  be  the  muscular  part  of  the  diaphragm,  the  intercostal 

1  Surgeon-Major  Oldham  describes  Cysticercus  tcnuicollis  (from  Ta^iia  marginata  Qf  dog)  as 
oominon  in  the  sheep  of  the  Punjab  ;  it' has  four  suckers  and  a  double  coronet  ot  6J.  hooKs.— 
Indian  Medical  Gazette,  August,  1873. 
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muscles,  and  the  muscles  of  the  eye  and  jaw.i  In  diagnosing  Tricliince,  the 
coiled  worm  should  be  distinctly  seefii.  Stephanurus  dentatus  in  the  p:g 
has  been  already  referred  to.  ^     ^  .       •  ^  ^ 

The  so-called  Psorospermia,  or  Eainey's  capsules,  must  not  be  mistaken 
for  TricMnce,  nor  indeed  with  care  is  error  possible.  These  are  little,  almost 
transparent,  bodies,  found  in  the  flesh  of  oxen,  sheep,  and  pigs.  They  are  in 
shape  oval,  spindle-shaped,  or  sometimes  one  end  is  pointed  and  the  other 
rounded,  or  they  are  kidney-shaped.  The  investing  membrane  exbibits 
delicate  markings,  caused  by  a  linear  arrangement  of  minute,  hair-like  fibres, 
which  Mr.  Eainey  ^  states  increase  in  size  as  the  animal  gets  older.  They 
sometimes  are  pointed,  and  the  appearance  under  a  high  power  (1000 
diameters)  is  as  if  the  investment  consisted  of  very  delicate,  transparent, 
conical  hairs,  terminating  in  pointed  process.  ^  The  contents  of  the  cysts 
consist  of  granular  matter,  the  granules  or  particles  of  which,  when  mature, 
are  oval,  and  which  adhere  together,  so  as  to  form  indistinct  divisions  of 
the  entire  mass.  The  length  varies  from  g^th  to  ^th  of  an  inch.  They 
are  usually  narrow ;  they  He  within  the  sarcolemma^  and  appear  often  not  to 
irritate  the  muscle. 

Up  to  the  present  time  no  injurious  effect  has  been  known  to  be  produced  on 
men  by  these  bodies,  notwithstanding  their  enormous  quantities  in  the  flesh 
of  domestic  animals,  nor  have  they  been  discovered  in  the  muscles  of  men. 
But  in  pigs  these  bodies  sometimes  produce  decided  illness ;  besides  general 
signs  of  illness,  there  are  two  invariable  symptoms,  viz.,  paralysis  of  the  hind 
legs,  and  a  spotty  or  nodular  eruption.*  In  sheep,  they  have  been  known  to 
affect  the  muscle  of  the  gullet^  and  produce  abscesses,  or  what  may  be  called 
so,  viz.,  swellings  sometimes  as  large  as  a  nut,  and  containing  a  milky,  purulent- 
looking  fluid,  with  myriads  of  these  capsules  in  it.  Sheep  affected  in  this  way 
often  die  suddenly.  ^ 

It  is  by  no  means  improbable  that  some  effect  on  man  may  be  hereafter 
discovered  to  be  produced. 

Some  bodies,  which  have  been  also  termed  Psorospermia,  found  in  the  liver 
of  the  rabbit,  and  other  parts,  and  in  the  liver  of  man,  and  which  have  been 
described  by  many  observers  in  different  terms,''  may  possibly  be  found  in 
other  animals,  as  they  have  been  seen  in  the  dog  by  Virchow.  They  are  quite 
different  from  Eainey's  corpuscles ;  they  are  oval  or  rounded  bodies,  at  first 
with  granular  contents,  and  then  with  aggregations  of  granules  into  three  or 
four  rounded  bodies,  on  which  something  like  a  nucleolus  is  seem  They 
have  often  been  mistaken  for  pus  cells. 

Some  other  bodies  occur^n  the  flesh  of  pigs,  the  nature  of  which  is  not  yet 
known.  Wiederhold  describes  a  case  in  which  little  white  specks,  with  all 
the  appearance  at  first  of  encapsuled  TricMnce,  could  not  be  proved  to  be  so, 
and  their  real  nature  was  quite  obscure. 

Virchow  has  described  little  concretions  in  the  flesh  of  the  pig,  which  seemed 
to  be  composed  of  guanin ;  ^  these  were  also  at  first  taken  for  encapsuled 
Triehincey 

Eoloffi,9  has  noted  little  hard  round  nodules  in  the  flesh  of  the  pig,  some 


^  ..,.,1-.    i  /  iwM,  J  xool  . 

Beale,  in  Third  Report  of  the  Cattle  Plague  Commission,  Appendix. 
*  Virchow's  Archiv,  Band'xxxviii.  p.  355. 


,  ivuioii,  vircnow's  Archiv,  Jiand  xlm.  p.  512. 
Virchow's  Archiv,  Band  xxxiii.  p.  549. 

IM.,  Band  xxxv.  358.  9  lUd.,  Band  xliii.  p.  524. 


xxxii.  p. 


218 


FOOD. 


seem  very  small,  others  as  large  as  the  head  of  a  pin,  with  little  prolongations 
running  to  the  surrounding  muscular  fibres  to  which  they  are  attached.  On 
the  outside  of  these  bodies  are  bundles  of  line  hairs  or  needles,  sometimes 
arranged  in  quite  a  feather-like  form.  The  bodies  have  a  great  resemblance 
to  the  guanin  bodies  of  Virchow,  but  the  needles  are  not  crystalline.  Kolotf 
puts  the  question  if  these  bodies  are  of  post-mortem  origin. 

It  is  hardly  necessary  to  state  that  in  cutting  across  meat,  small  bits  of 
tendons  or  fascia,  sometimes  very  hke  a  little  cyst,  will  be  found;  but  common 
care  will  prevent  a  mistake. 

2.  Salt  Meat. 

It  is  not  at  all  easy  to  judge  of  salt  meat,  and  the  test  of  cooking  must 
often  be  employed.    The  following  points  should  be  attended  to  :— 

(a)  The  salting  has  been  well  done,  hut  the  parts  inferior.  —This  is  at  once 
detected  by  taking  out  a  good  number  of  pieces ;  those  at  the  bottom  of  the 
cask  should  be  looked  at,  as  well  as  those  at  the  top. 

(&)  The  salting  well  done,  and  the  jKcrts  good,  but  the  meat  old. — Here  the 
extreme  hardness  and  toughness,  and  shrivelling  of  the  meat,  must  guide  us. 
It  would  be  desirable  to  have  the  year  of  salting  placed  on  the  cask  of  salt 

beef  or  pork.  i  i.-  n 

(c)  The  salting  well  done,  hut  the  meat  had.—li  the  meat  has  partially 
putrefied,  no  salting  will  entirely  remove  its  softness ;  and  even  tbere  may 
be  putrefactive  odour,  or  greenish  colour.  A  slight  amount  of  decomposition 
is  arrested  by  the  salt,  and  is  probably  indetectable.  Cijsticerci  are  not  killed 
by  salting,  and  can  be  detected.  Measly  pigs  are  said  to  salt  badly,  but 
according  to  Gamgee  this  is  not  the  case. 

(d)  The  salting  badly  done,  either  from  haste  or  had  hnne.—ln  both  cases 
signs  of  putrefaction  can  be  detected;  the  meat  is  paler  than  it  should  be; 
often  slightly  greenish  in  colour,  and  with  a  peculiar  odour. 

It  should  be  remembered  that  brine  is  sometimes  poisonous;  this  occurs  m 
cases  where  the  brine  has  been  used  several  times ;  a  large  quantity  of 
animal  substance  passes  into  it,  and  appears  to  decompose.  The  special 
poisonous  agent  has  not  been  isolated. 

Sub-Section  III.— Diseases  arising  from  altered  Quality  of  Meat. 

A  very  considerable  quantity  of  meat  from  diseased  animals  is  brought 
into  the  market,  but  the  amount  is  uncertain. 

Instances  are  not  at  all  uncommon  in  which  persons  after  partaking  of  but- 
cherl  meat,  have  been  attacked  with  serious  gastro-mtestmal  symptoms 
(vomiting,  diarrhoea,  and  even  cramp),  followed  m  some  cases  by  severe  febrile 
yZtom";  the  whole  complex  of  symptoms  somewhat  resembles  cholera  a 

and  afterwards  typhoid  fever.    The  meat 
the  purpose  of  detecting  poison,  but  none  has  been  found.^    In  the  lecords  ot 
these  caL,  the  kind  of  meat,  the  part  used,  and  the  origin   -m  a  dis  a  ed 
inimil  are  not  stated  and,  in  some  cases,  it  may  be  conjectured  that  tne 
To^l  and  notlh  meat,  'was  in  fault.    Still,  the  instances  are  Incoming 

n_s!  and  are  increasing  every  day,  as  ^'^^'^  Z^Z  lt^.^. 
subject.   Ve  should  conclude  from  general  prmciples,  that  as  aU  di.ea.e 
must  affect  the  composition  of  flegi^and^stl^^         of  our  own  bodies 

X  See  Professor  Gamgee's  paper  in  the  Fifth  Rep^;t  of ^^^^^^^^ 
Council,  1863,  p.  287.    He  refers  to  cases  noted,  by  Waciagan,  ,  j, 

Thomson,  and  Keith. 
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is  inextricably  blended  with  the  composition  of  the  substances  we  eat,  it  must 
be  of  the  c^reatest  importance  for  health  to  have  these  substances  as  pure  as 
possible  ''Animal  poisons  may  indeed  be  neutraHsed  or  destroyed  by  the 
processes  of  cooking  and  digestion,  but  the  composition  of  muscle  must  exert 
an  influence  on  the  composition  of  our  own  nitrogenous  tissues  which  no 
preparation  or  digestion  can  remove. 

On  looking  through  the  hterature  of  the  subject,  however,  we  hnd  less 
evidence  than  might  be  expected.  This  is  probably  partly  owing  to  imperfect 
observation,  especially  when  we  think  for  how  long  a  time  Trichina  disease 
was  overlooked. 

1.  The  flesh  of  healthy  animals  may  prodioce  Poisonous  Symptoms. — This 
is  the  case  with  certain  kinds  of  lish,  especially  in  the  tropical  seas.  There  is 
no  evidence  that  the  animal  is  diseased,  and  the  flesh  is  not  decomposed ;  it 
produces,  however,  violent  symptoms  of  two  kinds — gastro-intestinal  irritation, 
and  severe  ataxic  nervous  symptoms,  with  great  depression  and  algidity.  The 
little  herring  {Clupea  harengo  minor),  the  silver-fish  {Zeus  gallus),  the 
pilchard,  the  white  flat-fish,  and  several  others,  have  been  known  to  have 
these  effects.!  gome  cases,  though  not  in  all,  the  poison  is  developed 
during  the  breeding  time.  Oysters  (even  when  in  season)  and  mussels  have 
been  known  to  produce  similar  symptoms,  without  any  decomposition.  The 
production  of  dyspepsia  and  nettle-rash  in  some  persons  from  eating  shell-fish 
need  scarcely  be  mentioned. 

Among  the  Mammalia  the  flesh  of  the  pig  sometimes  causes  diarrhoea — a 
fact  noticed  by  Dr.  Parkes  in  India,  and  often  mentioned  by  others.  The 
flesh  is  probably  afi'ected  by  the  unwholesome  garbage  on  which  the  pig  feeds. 
Sometimes  pork,  not  obviously  diseased,  has  produced  choleraic  symptoms. ^ 
In  none  of  these  cases  has  the  poison  been  isolated. 

2.  The  flesh  of  healthy  animals  luhen  decomposing,  is  eaten  sometimes 
without  danger ;  but  it  occasionally  gives  rise  to  gastro-intestinal  disorder — 
vomiting,  diarrhoea,  and  great  depression ;  in  some  cases  severe  febiile 
symjDtoms  occur,  which  are  like  typhus,  on  account  of  the  great  cerebral  com- 
plication.   Cooking  does  not  appear  entirely  to  check  the  decomposition. 

It  appears  to  be,  in  some  cases,  the  acid  fluids  of  cooked  meat  which 
promote  this  alteration. 

Sausages  and  pork-pies,  and  even  beefsteak- pies,^  sometimes  become  poison- 
ous from  the  formation  of  an  as  yet  unknown  substance,  which  is  perhaps  of 
a  fatty  nature.  It  is  not  trimethylamine,  amylamine,  or  phenylamine^ — these 
are  not  poisonous  (Schlossberger).  The  symptoms  are  severe  intestinal 
irritation,  followed  rapidly  by  nervous  oppression  and  collapse.*  Neither 
salts  nor  spices  hinder  the  production  of  this  poison.  M.  Vandem  Corput 
attributes  the  poisonous  efl'ects  of  sausages  to  a  fungus,  of  the  nature  of 
sarcina,  or  what  he  terms  Sarcina  botulina.^ 

1  A  list  of  more  than  forty  fishes,  which  are  occasionally  poisouous,  is  given  by  Pappen- 
he\m.~Hand.  der  Sanitats-Fol. ,  Band  i.  p.  395. 

2  Kesteven  cites  a  good  case  in  which  twelve  persons  were  affected. — Med.  Times  and 
GazeMe,  March  5,  1864. 

^  I  have  seen  very  severe  symptoms  produced,  diarrhcea  and  partial  collapse,  from  eating 
beefsteak  pie,  which  presented  nothing  unpleasant  to  the  taste.— (F.  de  C.) 
Q7  ^  severe  case  of  poisoning  by  liver  sausages  took  place  at  Middelburg,  in  Holland,  in  March 
1874.    Nearly  400  were  attacked,  and  out  of  343  reported  cases,  6  died.    The  symptoms  com- 
menced a  few  hours  after  the  sausages  were  eaten,  consisting  of  nausea  and  vomiting  diarrhasa 


quantities  of  the  minutest  organisms  in  the  sausages.    (Gentralblait  fur  die  Med.  Wiss.  1875 
Quoted  by  Letheby,  Chemical  News,  Feb.  1869. 
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Dr  Ballard  has  reported  two  remarkable  cases  of  poisoning  by  ham  and 
hot  baked  pork.  The  first  occurred  at  Welbeck  in  1880,  and  the  second  at 
Nottingham  in  1881.  In  both  instances  a  number  of  persons  who  partook 
of  the  meat  were  taken  ill,  and  some  died.  Dr.  Klein  examined  the  meat,  and 
found  it  loaded  with  Bacilli,  which  were  also  found  in  the  organs  of  the  fatal 
cases.  Guinea-pigs  and  mice,  inoculated  with  the  fluids  of  the  body,  died 
with  pneumonia  and  peritonitic  symptoms ;  Bacilli  were  found  in  the 


organs, 


1 


Oysters  and  shell-fish,  when  decomposing,  produce  also  marked  symptoms 
of  the  same  kind.  Rotten  fish  are  used,  however,  by  the  Burmese,  Siamese, 
and  Chinese  as  a  sort  of  condiment,  without  bad  eflects. 

3.  The  fresh  and  not  decomposing  flesh  of  diseased  animals  causes  in  many 
cases  injurious  effects.  A  good  deal  of  difference  of  opinion,  however,  exists 
on  this  point,  and  it  would  seem  that  a  more  careful  inquiry  is  necessary. 
The  probability  is,  that  when  attention  is  directed  to  the  subject,  the  effect 
of  diseased  meat  will  be  found  to  be  more  considerable  than  at  present 
believed.  2  At  the  same  time,  we  must  not  go  beyond  the  facts  as  they  are 
at  present  known  to  us,  and  at  present  certainly  bad  effects  have  been  traced 
in  only  a  few  instances  ;  perhaps  the  heat  of  cooking  is  the  safeguard. 

(a)  Accidents. — 'The  flesh  of  animals  killed  on  account  of  accidents  may  be 
eaten  without  injury. 

(h)  The  flesh  of  over-driven  animals  is  said  by  Professor  Gamgee  to  contain 
a  poison  which  often  produces  eczema  on  the  skin  of  those  who  handle  it ; 
and  eating  the  flesh  is  said  to  "  have  been  attended  with  bad  effects." 

(c)  Early  Stage  of  Acute  Inflamm,atonj  Disease. — The  meat  is  not  apparently 
altered,  and  it  is  said  that  some  of  the  primest  meat  in  the  London  market 
is  taken  from  beasts  in  this  condition  ;  it  is  not  known  to  be  injurious,  but  it 
has  been  recommended  that  the  blood  should  be  allowed  entirely  to  flow  out 
of  the  body,  and  should  not  be  used  in  any  way. 

{d)  Chronic  wasting  Diseases— Phthisis,  Dropsij,  <£'c.— The  flesh  is_  pale, 
cooks  badly,  and  gives  rise  to  sickness  and  diarrhoea.  It  also  soon  begins  to 
decompose,  and  then  causes  very  severe  gastro-intestinal  derangement.  Grave 
doubts  have  recently  arisen  as  to  whether  tuberculosis  may  not  be  commu- 
nicable to  man  through  the  flesh  of  cattle  suffering  from  that  disease.  ^ 
(e)  Chronic  Nervous  Fevers. — Same  as  above. 

(/)  Epidemic  Pleuro-pneumonia  of  Cattle.— Much  doubt  exists  as  to  the 
effect  of  this  disease  on  the  meat.  It  is  hardly  possible  that  the  flesh  should 
not  be  seriously  altered  in  composition,  but  it  seems  certain  that  a  large  quan- 
tity is  daUy  consumed  without  apparent  injury.  It  is  said,  on  the  authority 
of  Staff-Surgeon  Nicolson  and  Assistant-Surgeon  Frank,  who  made  very  careful 
inquiries  on  this  point,  that  the  Kafiirs  ate  their  cattle,  when  destroyed  by 
the  epidemic  lung  disease  which  prevailed  at  the  Cape  a  number  of  years  ago, 
without  injury.    Dr.  Livingstone,  however,  states  that  the  use  of  such  flesh 

produces  carbuncle. 

(g)  Anthrax  and  Malignant  Pustule.— M&nj  of  the  older  authors 
(Ramazzini,  Lancisi,  quoted  by  L6vy)  mention  facts  tending  to  prove  the 
danger  of  using  the  flesh  of  animals  affected  with  ma  ignant_  pustiile. 
Chaussier  also  affirmed  the  same  thing,  but  subsequently  modified  his  opinion 
considerably.  The  apparent  increase  in  the  number  of  cases  of  malignant 
pustule  in  men  has  been  ascribed  to  eating  the  flesh  of  animals  with  this 

1  Report  of  the  Medical  Officer  of  the  .Local  Government  Board. 

2  Professor  Gamgee  says  that  one-fifth  of  the  meat  in  London  is  ^^^J;  , 

3  Creighton,  on  licwine  Tuberculosis  in  Man;  also  Transactions  oftJw  International  Medical 
Congress,  1881,  vol.  iv.  p.  481. 
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disease,  but  it  is  quite  as  likely  that  inoculation  may  have  taken  place  in  other 

The  evidence  laid  before  the  Belgian  Academy  of  Medicine  led  them  to 
believe  the  flesh  of  cattle  affected  with  carbuncular  fevers  to  be  injurious,  and 

it  is  not  allowed  to  be  sold.  ,  •  -u  .  .  •  i 

It  has  been  supposed  that  the  outbreaks  of  boils,  which  have  certainly 
become  more  prevalent  of  late  years,  are  produced  by  meat  of  this  kind,  but 
the  evidence  is  very  imperfect.  . 

Menschel  i  has  recorded  a  case  in  which  twenty-four  persons  were  seized 
with  malignant  pustule,  the  majority  after  eating  the  flesh  of  beasts  suffering 
from  the  disease,  the  others  from  direct  inoculation.  Those  who  ate  the  flesh 
were  attacked  in  three  or  ten  days ;  those  who  were  inoculated  in  three  to  six 
days.  It  is  also  stated  that  pigs  fed  on  the  flesh  got  the  disease,  and  that  a 
woman  who  ate  some  of  the  diseased  pork  was  also  attacked. 

On  the  other  hand,  several  old  authors,  and  more  lately  Nefi'el,^  assert  that 
the  Kirghises  constantly  eat  horses  and  cattle  (either  _  killed  or  dying 
spontaneously)  affected  with  malignant  pustule,  without  injury. 

Parent-Duchatelet3  quotes  a  case  from  Hamel  (1737),  in  which  a  bull 
infected  three  persons  who  aided  in  killing  it,  and  a  surgeon  who  opened 
one  of  the  tumours  of  a  person  affected;  yet,  of  more  than  100  persons  who 
ate  the  flesh  roasted  and  boiled,  no  one  experienced  the  slightest  incon- 
venience, and  Parent  states  that  many  other  cases  are  known  in  literature. 

Parent-Duchatelet  and  L6vy*  quote  from  Morand  (1766)  an  instance  in 
which  two  bulls  communicated  malignant  pustule  to  two  butchers  by  inocu- 
lation, yet  the  flesh  of  the  animals  was  eaten  at  the  "  Invalides  "  without 
injury.  But  both  these  instances  are  of  old  date.  Pappenheim^  states 
(without  giving  special  instances)  that  there  are  many  cases  in  which  no 
bad  effect  resulted  from  the  cooked  flesh  of  charhon — that  the  peasants  of 
Posen  eat  such  meat  with  perfect  indifference,  and  believe  it  is  harmless 
when  boiled. 

With  regard  especially  to  erysipelas  carbunculosum,  or  black-quarter, 
as  distinguished  from  malignant  pustule  (if  it  is  to  be  so  distinguished), 
Professor  Gamgee^  refers  to  cases  of  poisoning,  and  two  deaths  mentioned  to 
him  by  Dr.  Keith  of  Aberdeen,  caused  by  eating  an  animal  affected  with 
black-quarter.  He  also  notices  an  instance  which  occurred  "a  number  of 
years  ago  in  Dumfriesshire,"  when  seventeen  persons  were  more  or  less 
affected,  and  at  least  one  died,  and  states  that  a  number  of  cases  have  been 
related  to  him  by  different  observers. 

The  discrepancy  of  evidence  is  so  great  as  to  lead  to  the  conclusion,  that 
the  stage  of  the  disease,  or  the  part  eaten^  or  the  mode  of  cooking,  must  have 
great  influence,  and  that  a  much  more  careful  study  than  has  yet  been  given 
to  this  subject  is  necessary  to  clear  up  these  great  variations  of  statement. 

(A)  Splenic  Apoj^exy  or  Braocy  of  Sheep. — Professor  Simonds'^  states  that 
pigs  and  dogs  died  in  a  few  hours  after  eating  the  flesh  of  sheep  dead  of 
braxy.  Professor  Gamgee^  affirms  the  same  thing ;  but,  on  the  other  hand, 
Dr.  M'Gregor  states  that  dogs  eat  the  meat  with  perfect  impunity.  The 
experiments  at  Alfort^  have  also  shown  that  pigs,  dogs,  and  fowls  are  not 
incommoded  by  this  poison,  which  yet  acts  violently  when  swallowed  by 

1  Preuss.  Med.  Zeit..  4tli  June  1862  ;  and  Canstatt's  Jahresh.,  1862,  Band  iv  p  257 

2  Canstatt's  Jahresh.  for  1860,  Band  ii.  p.  137. 

5  ?•      •     .   n  ;   -o    .  •      .=7  '  d'HygQne,  1879,  torn.  ii.  p.  630. 

*  Handb.  der  Sanitats-Pol, ,  Band  i.  p,  587. 

8  Fifth  Report  of  Medical,  Officer  to  the  Privy  Council,  p.  290. 

7  Agricultural  journal,  No.  50,  p.  232. 

8  Privy  Council  Report,  1863,  p.  280.  9  Livy,  t.  ii.  p  631 
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sheep,  goats,  or  horses.  So  also  Dr.  Smiths  states,  that  the  shepherds  in  the 
Highlands  of  Scotland  eat  Ly  preference  hraxy  sheep,  and  are  quite  healthy. 
Dr.  M'Gregor  says  that  the  flesh  of  braxy  sheep  is  never  cooked  until  it 
has  been  steeped  for  two  months  in  brine,  and  then  suspended  for  a  time  from 
the  kitchen  roof.  It  is  preferred  to  ordinary  salt  mutton,  because  it  has 
rather  a  flavour  of  game. 

(i)  Smallpox  of  Sheep. — The  flesh  has  a  peculiar  nauseous  smell,  and  is 
pale  and  moist.  It  produces  sickness  and  diarrhoea,  and  sometimes  febrile 
symptoms. 

(j)  Foot-and-mouth  Disease  {Aphtha  {or  Eczema)  epizootica). — L6vy2  states 
that  at  different  times  (1834,  1835,  1839)  the  aphthous  disease  has  prevailed 
among  cattle  both  at  Paris  and  Lyons,  without  the  sale  of  the  meat  being  in- 
terrupted or  giving  rise  to  bad  results.  The  milk  of  cows  affected  with  foot- 
and-mouth  disease  has  been  supposed  to  cause  vesicular  affection  of  the  mouth 
in  men.^  The  evidence  seems,  however,  very  uncertain.  The  discharges  from 
the  mouth  are  constantly  on  the  hands  of  the  farm  labourers,  who  are  not  very 
cleanly,  and  who  must  constantly  convey  them  to  their  own  mouths,  and  yet 
these  discharges,  so  infectious  to  other  cattle,  produce  no  effect  on  them. 

{k)  Cattle  Plague  {Rinderpest,  Typhus  contagiosus  of  the  French). — A 
p)riori,  such  flesh  would  be  considered  highly  dangerous,  and  the  Belgian 
Academy  of  Medicine  so  consider  it ;  but  there  is  some  strong  evidence  on 
the  other  side.  In  Strasbourg  and  in  Paris,  in  1814,  many  of  the  beasts  eaten 
in  those  cities  for  several  months  had  rinderpest,  and  yet  no  ill  consequences 
were  traced.  But  it  may  be  questioned  whether  they  were  looked  for  in  that 
careful  way  they  would  be  at  the  present  day.*  Some  other  evidence  is 
stronger  :  Pienault,  the  director  of  the  Veterinary  School  at  Alfort,  made  for 
several  years  after  1828  many  experiments,  and  asserts  that  there  is  no  danger 
from  the  cooked  flesh  of  cattle,  pigs,  or  sheep  dead  of  any  contagious  disease 
("  quelle  que  soit  la  repugnance  bien  naturelle  que  puissent  inspirer  ces 
produits").^  So  also  during  the  occurrence  of  the  rinderpest  in  England 
(1865),  large  quantities  of  the  meat  of  animals  killed  in  all  stages  of  the  disease 
were  eaten  without  ill  effects.  In  Bohemia  also,  in  1863,  the  peasants  dug 
up  the  animals  dead  with  rinderpest,  and  ate  them  without  bad  results. ^ 

{t)  Rabies  in  the  dog  and  cow  produces  no  bad  effects.''' 

(m)  Diseases  in  the  pig,  like  scarlet  fever  and  pig  typhus,  have  prevailed 
recently  in  London,  and  the  flesh  has  been  eaten.  No  injury  has  been 
proved.^ 

(n)  Cysticercus  celhdosce  of  the  pig  produces  Toinia  solium,  and  that  of 
the  ox  and  cow  Tcenia  mediocanellata.  These  entozoa  often  arise  from 
eating  the  raw  meat,  but  neither  cooking  nor  salting  are  quite  preservative, 
though  they  may  lessen  the  danger.  Smoking  appears  to  kill  Cysticerci,  and 
so,  according  to  Delpech,  does  a  temperature  of  212°  Fahr.  T.  Lewis^  found 
that  a  much  lower  temperature  sufficed.  When  Cysticerci  had  been  exposed 
for  five  minutes  to  a  heat  of  130°  Pahr.,  he  could  detect  no  movements, 


S  TZiL  mTt  ii  P  ?31  '  Jour,  of  tU  Epid.  Soc. ,  vol.  i.  p.  423. 

*  TulloiiT^^^^^^  t.  xi.  p.  201)  are  however,  very  strong.    At  «tras 

bourghesaY,s-"UnmillierdelDoeufs  de  grande  taille,  malades  pour  la  pkipart  an  ^^^^^^^^ 
degri,  puiscju'im  assez  grand  nombre  ont  et6  egorg6s  an  moment  ou  lis  alia  eut  expn-er,  a  et6 
consonmid,  pendant  et  apres  le  blocus,  et  cet  aliment  n'a  produit  aucune  maladie. 

5  Payen,  Des  Substances  Alimentaires,  pp.  30,  31. 

6  Evidence  of  Cattle  PlaqiM  Co^nmission,  question  997,  and  other  places. 

7  ParenirDuchatelet,  t.  ii.  p.  197,  cites  a  case  of  seven  mad  cows  being  sold  vntliout  injuij 
to  those  who  ate  the  flesh. 

8  Letlieby,  Chem.  Neivs,  Jan.  15,  1869.  _  ^     .    •»«■  tw   n  i    i*.-  laro 

9  The  Bladder  Worms  found  in  JSeqfand  Fork,  by  T.  E.  Lewis,  M.D.,  Calcutta,  18/2. 
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and  he  considers  that  a  temperature  of  from  135°  to  140°  F.  for  five  minutes 
anci  ne  consiaL  r         considers  there  is  no  danger  if  the  cook- 

rt^et  lonl,  ts  thSmperature  of  weU  done  meat  is  never  below  150°.  F. 

%)  ^clvma  spiralis  in  the  pig  gives  rise  to  the  cnnouB  TncUna  disease 
caused  by  the  wanderings  of  the  young  Trichmce  The  affection  is  bighly 
febSe  reLmbling  typhoid  or  even  typhus,  or  acute  tuberculosis  but  attended 
S  exc^^^^^^^^^  the  limbs,  and  oedema.i    Boils  arc  also  some  imes 

^used  The  eating  of  raw  trichiniferous  pork  is  the  chief  cause,  and  the 
entozo^n  is  not  easily  killed  by  cooking  or  salting  A  temperature  of  144  to 
155°  Fahr  kills  free  TricUnce,  but  encapsuled  Triclunm  may  demand  a 
crreatcr  heat  (Fiedler).  During  cooking  a  temperature  which  will  coagulate 
albumin  (150°  to  155°  Fabr.)  renders  Trichince  incapable  of  propagation, 
or  destroys  them.  As  a  practical  rule,  it  may  be  said  that  if  the  interior 
of  a  piece  of  boiled  or  roasted  pork  retains  much  of  the  blood-red  colour  of 
uncooked  meat,  tbe  temperature  has  not  been  higher  than  131  Fahr.,  and 
there  is  still  danger.  Intense  cold  and  complete  decomposition  of  the  meat  do 
not  destroy  Trichince.^  Hot  smoking,  when  thoroughly  done,  does  destroy 
them  (Leuckart) ;  but  the  common  kinds  of  smoking,  when  the  heat  is  often 
low,  do  not  toucb  Ti^cliince  (Klichenmeister). 

(i)  Ecliinococcus  Disease— li  is  well  known  tbat  many  persons  will 
eat  freely  of,  and  even  prefer,  the  liver  of  the  sheep  full  of  flukes.  No 
direct  evidence  has  been  given  of  the  production  of  disease  from  this  cause, 
at  least  in  this  country.  In  Iceland  Ecliinococcus  disease,  which  affects 
alar^e  number  of  persons,  is  derived  from  sheep  and  cattle,  who  in  their  turn 
get  the  disease  from  Tmnia  of  the  dog  (Leared  and  Krabbe.) 

{q)  Glanders  and  farcy  in  horses  do  not  appear  to  produce  any  injurious 
effects  on  their  flesh  when  eaten  as  food.  Parent-Duchatelet  ^  quotes  two 
instances,  in  one  of  which  300  glandered  horses  were  eaten  without  injury. 
In  1870,  during  the  siege  of  Paris,  large  quantities  of  flesh  from  horses  witb 
farcy  and  glanders  were  eaten  without  injury. 

(r)  Medicines,  especially  antimmiy,^  given  to  the  animals  in  large  quantities, 
have  sometimes  produced  vomiting  and  diarrhoea.  Arsenic,  also,  is  occa- 
sionally given,  and  the  flesh  may  contain  enough  arsenic  to  be  dangerous.  ^ 

In  time  of  peace,  the  duty  of  the  army  surgeon  is  simple.  Under  the  terms 
of  the  contract,  all  sick  beasts  are  necessarily  excluded.  "Without  reference, 
then,  to  any  uncertain  questions  of  hurtf ulness,  or  the  reverse,  he  must  object 
to  the  use  of  the  flesh  of  such  animals.    This  is  the  safe  and  proper  course. 

But,  in  time  of  war,  he  may  be  placed  in  the  dilemma  of  allowing  suchi 
meat  to  be  used,  or  of  getting  none  at  all.  He  sbould  then  allow  the  issue  of 
the  meat  of  all  animals  ill  with  inflammatory  and  contagious  diseases,  with, 
the  exception  of  smallpox,  and  perhaps  splenic  apoplexy  in  sheep.  But  it 
will  be  well  to  take  the  precautions — 1st,  Of  bleeding  the  animals  as 
thoroughly  as  possible ;  2d,  Of  using  only  the  muscles,  and  not  the  organs,  as 


1  Aitken's  Practice  of  Medicine,  7tli  edit.  vol.  i.  p.  162.  See  also  reports  on  Hygiene  by  the 
late  Dr.  Parkes,  in  the  Army  Medical  Reports  for  1860,  1861, 1862,  and  1863,  where  references 
to  most  of  the  early  cases  will  be  found.  See  also  Dr.  Thudichuni's  treatise  in  Mr.  Simon's 
Report  to  tite  Privy  Council,  1864. 

2  Carre  (Comptes  Rendus,  xcv.  p.  147,  says  that  they  are  destroyed  at  40°  to  50°  below 
zero  of  Centigrade  (=  40°  to  58°  below  zero  of  Fahrenheit). 

3  llycj.  Puhl.,  t.  ii.  194  ;  see  also  Levy,  t.  ii.  p.  630. 

*  See  a  well-marked  case  cited  by  Pavy  (A  Treatise  on  Food  and  Dietetics,  2d  ed.  1875,  p. 
160),  as  quoted  by  Gamgee,  from  the  Central  Zeitung  filr  die  gesammte  Veterinarynedizin  fwr 
1854,  where  107  persons  were  attacked  after  eating  the  flesh  of  an  ox  which  had  been  treated 
with  tartar-emetic  previous  to  being  slaughtered. 

5  Levy,  Traite  d'Hygiine,  1879,  t.  ii.  pp.  663-4  ;  reference  to  experiments  of  Danger,  Flandin, 
and  Chatin. 
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it  is  quite  possible  these  may  bo  more  injurious  than  the  muscles,  though  there 
are  no  decided  facts  on  this  point ;  and,  3d,  Of  seeing  that  the  cooking  is 
thoroughly  done.  But  animals  with  smallpox,  Cijsticerci,  and  Trichimi, 
should  not  be  used.  If  dire  necessity  compels  their  use,  tlien  the  employment 
of  a  great  heat  in  a  baker's  oven  and  smoking,  if  it  can  be  used,  may  lessen 
the  danger.  If  such  things  can  be  got,  it  would  be  well  to  try  the  efiFect  on 
the  meat  of  antiseptics,  esj^ecially  of  carbolic  acid,  which  destroys  low  animal 
life  of  that  kind  with  great  certainty. 

Sub-Section  IV. — Cookixg  of  Meat. 

Boiling.' — The  loss  of  weight  is  about  20  to  30  per  cent.,  sometimes  as 
much  as  40.  If  it  is  wished  to  retain  as  much  as  possible  of  the  salts  and 
soluble  substances  in  the  meat,  the  piece  should  be  left  large,  and  should  be 
plunged  into  boiling  water  for  five  minutes  to  coagulate  the  albumin.  After 
this  the  heat  can  scarcely  be  too  low.  The  temperature  of  coagulation  of  the 
albuminoid  substances  differs  in  the  different  constituents,  one  kind  of 
albumin  coagulates  at  as  low  a  heat  as  86°  if  the  muscle  serum  be  very  acid ; 
another  albumin  coagulates  at  113°  Fahr. ;  a  large  quantity  of  albumin 
coagulates  at  167°,  the  hsematoglobulin  coagulates  at  158°  to  162°,  below 
which  temperature  the  meat  will  be  underdone.  If  the  temperature  is  kept 
above  170°,  the  muscular  tissue  shrinks,  and  becomes  hard  and  indigestible. 
Liebig  recommends  a  temperature'  of  158°  to  160°.  Most  military  cooks 
employ  too  great  a  heat:  the  meat  is  shrunken  and  hard.  In  boiling, 
ammonium  sulphide  is  evolved,  with  odoriferous  compounds,  and  an  acid 
like  acetic  acid. 

If  it  is  desired  to  make  good  broth,  the  meat  is  cut  small,  and  put  into  cold 
water,  and  then  warmed  to  150°  F. ;  beef  gives  the  weakest  broth.  In  a  pint 
there  are  about  150  grains  of  organic  matter,  and  90  grains  of  salts.  Mutton 
broth  is  a  little  stronger,  and  chicken  broth  strongest  of  all.  About  82  per 
cent,  of  the  salts  of  beef  pass  into  the  broth,  viz.,  all  the  chlorides,  and  most 
of  the  phosphates. 

Broth  made  without  heat,  by  the  addition  of  four  drops  of  hydrochloric 
acid  to  a  pint  of  water  and  a  half  pound  of  beef,  is  richer  in  soluble  albumin. 
Lactic  acid  and  chloride  of  potassium  added  together  have  the  same  effect. 
If  rather  more  hydrochloric  acid  be  used,  but  no  salt,  heat  can  be  applied, 
and,  if  not  higher  than  130°  Fahr.,  nearly  50  per  cent,  of  the  meat  can  be 

obtained  in  the  broth.  .    ■   ^    .  ■ 

Roasting.— loss  varies  from  20  to  35  per  cent.;  in  beef,  it  is  rather 
less  than  in  mutton  (Oesterlen).    This  loss  is  chiefly  water;  the  proportion 
of  carbon,  hydrogen,  nitrogen,  and  oxygen  remaining  the  same  (Playfair). 
Boasting  should  be  slowly  done  ;  to  retain  the  juices,  the  meat  must  be  first 
subjected  to  an  intense  heat,  and  afterwards  cooked  very  slowly ;  the  dry 
distillation  forms  aromatic  products,  which  are  in  part  volatdised ;  the  fat  is 
in  part  melted,  and  flows  out  with  gelatin  and  altered  extractive  matters 
The  fat  often,  improperly,  becomes  the  perquisite  of  the  cook  and  may  be  lost 
to  the  soldier.    The  loss  in  baking  is  nearly  the  same,  or  a  little  less.  _ 
^tem^io.— This  is  virtually  the  same  as  roasting,  only  the  meat  is  cut  up,  is 
continually  moistened  with  its  own  juices,  and  is  often  mixed  with  vegetables. 
Like  boiling  and  roasting,  it  should  be  done  slowly  at  a  low  heat ;  the  loss 
then  is  about  20  per  cent.,  and  chiefly  M^ater.  ,  ,    ,       3  v-u 

In  all  cases,  there  is  one  grand  rule,  viz.,  to  cook  the  meat  slowly,  and  with 
little  heat,  and,  as  far  as  possible,  to  let  the  loss  be  water  only.  The  fault 
in  military  kitchens  has  been,  that  excessive  heat  is  used.    J  he  meat  is  tlien 
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often  a  sodden,  tasteless  mass,  with  hard,  shrunken,  and  indigestible  fibres. 
The  thermometer  will  be  found  very  useful,  especially  in  showing  cooks  that 
the  temperature  is  often  much  higher  than  they  think.  In  the  cooking  of 
salt  meat  the  heat  should  be  very  slowly  applied,  and  long  continued  ;  it  is 
said  that 'the  addition  of  a  little  vinegar  softens  the  hard  sarcolemma,  and  it 
is  certain  that  vinegar  is  an  agreeable  condiment  to  take  with  salt  meat,  and 
is  probably  very  useful.    It  may  be  of  importance  to  remember  this  in  time 

of  war.  1.1-1 
In  cutting  up  meat,  there  is  a  loss  of  about  5  per  cent.,  and  there  is  also  a 

loss  from  bone,  so  that,  all  deductions  being  made,  the  soldier  does  not  get 

more  than  5  or  6  ounces  of  cooked  meat  out  of  12  ounces. 

The  large  quantity  of  flesh  extract  contained  in  the  brine  can  be  obtained 

by  dialysis;  from  two  gallons  of  brine  a  fluid  has  been  obtained,  which,  on 

evaporation,  yielded  1  lb  of  extract. ^ 

Sub-Section  Y. — Peeservation  of  Meat. 

Meat  may  be  kept  for  some  time  by  simply  heating  the  outside  very 
strongly,  so  as  to  coagulate  the  albumin ;  or  by  placing  it  in  a  close  vessel,  in 
which  sulphur  is  burnt,  or  by  covering  the  surface  with  charcoal,  or  strong 
acetic  acid,  or  calcium  disulphite,  or  weak  carbolic  acid.  Injections  of  alum 
and  aluminium  chloride  through  the  vessels  will  preserve  it  for  a  long  time ; 
water  should  be  injected  first,  and  then  the  solution.  Even  common  salt  in- 
jected in  the  same  way  T\'ill  keep  it  for  some  time.  So  also  will  free  exposure 
to  pure  air ;  charcoal  thrown  over  it,  and  suspended  also  in  the  air ;  or  the 
meat  being  cut  into  smaller  portions,  and  placed  in  a  large  vessel,  heat  should 
be  applied,  and,  while  hot,  the  mouth  of  the  vessel  should  be  closed  tightly 
vrith  well  washed  and  dried  cotton-wool ;  the  air  is  filtered,  and  partially  freed 
from  germs.  The  application  of  sugar  to  the  surface  is  also  a  good  plan. 
Cold  is  a  great  preservative  of  meat ;  in  ice  it  can  be  preserved  for  an 
unlimited  period,  and  the  supposed  rapid  decomposition  after  thawing 
seems  to  have  been  exaggerated.  ^  Fresh  meat  is  now  largely  imported  from 
America  and  Australia,  by  being  kept  in  refrigerated  chambers. 

Plans  of  this  kind  may  be  useful  to  medical  officers  under  two  circum- 
stances, viz.,  on  board  ship,  and  in  sieges,  when  it  is  of  importance 
to  preserve  every  portion  of  food  as  long  as  possible.  The  covering  the  whole 
surface  with  powdered  charcoal  is  perhaps  as  convenient  as  any  plan.  A  coat- 
ing of  paraffin,  and  many  other  plans  of  excluding  air^  are  also  used. 

Meat  is  also  preserved  in  tin  cases,  either  simply  by  the  complete  exclusion 
of  air  (Appert's  process),  or  by  partly  excluding  air,  and  destroying  the  oxygen 
of  the  remaining  part  by  sodium  sulphite  (M'Call's  process).  It  is  not 
necessary  to  raise  the  heat  so  high  in  this  case,  and  the  meat  is  less  sapid. 
Meat  prepared  in  either  way  has,  it  is  said,  given  rise  to  diarrhoea,  but  this  is 
simply  from  bad  preparation  :  when  well  manufactured  it  has  not  this  eff'ect. 

_  Meat  is  also  preserved  by  drawing  off  the  air  from  the  case,  and  substituting 
nitrogen  and  a  little  sulphur  dioxide  (Jones  and  Trevithick's  patent),  or  the 
air  can  be  heated  to  400°  or  500°  so  as  to  kill  all  germs  (Pasteur),  and  then 
allowed  to  flow  into  an  exhausted  flask. 3 


^  Whitelaw,  Chemical  Neios,  March  1864. 
Bonley,  Cmn2)tes  Renclus,  xcv.  p.  147 


y  P"^-  J-'|i!j6by's  Cantor  Lectures  on  Food,  delivered  before  the  Society  of  Arts  in  1860  2nd 
m'  ■   '1'        ^         account  of  some  of  the  patents  for  the  preservation  of  meat  '  See 
also  Memert,  Armee- und  Volks-Ernahrung,  Berlin,  1880,  vol.  ii.  p.  265-  also  Tf™!-  Cm? 
StT^  iJOTi  NahrunrjsMitteln,  Deutsche  Vierteljahrschr./.  off.  Oesundhktspjl.,  ilnk^i 
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Various  other  plans  have  been  proposed,  such  as  the  use  of  antiseptics, 
carbolic  acid  (f),  borax,  boracic  acid,  salicylic  acid,  &c.  ;  but  it  is  doubtful 
if  any  of  them  should  be  adopted  without  further  inquiry,  as  it  is  by  no 
means  certain  that  such  agents  might  not  exercise  a  harmful  influence  on 
the  human  economy.^ 


SECTION  11. 
WHEAT. 

Advantages  as  an  Article  of  Diet— It  is  poor  in  water  and  rich  in  solids, 
therefore  very  nutritious  in  small  bulk ;  when  the  two  outer  coats  are 
separated,  the  whole  grain  is  digestible.  The  nitrogenous  substances 
are  large  and  varied,^  consisting  of  soluble  albumin  (1  to  2  per  cent.)  and 
glutin  (8  to  12  per  cent.),  which  itself  consists  of  four  substances,  which  are 
named  by  Eitthausen,^  glutin-casein,  gliadin  (or  vegetable  gelatin),  glutin- 
tibrin,  and  mucedin.  The  starchy  substances  (starch,  dextrin,  sugar)  are 
large,' 60  to  70  per  cent.,  and  are  easily  digested;  and,  according  to  M6ge- 
Mouri^s,  a  nitrogenous  substance  (cerealin)  is  contained  in  the  internal 
envelope,  which,  like  diastase,  acts  ♦energetically  in  transforming  starch  into 
dextrin,  sugar,  and  lactic  acid.  Some  consider  this  cerealin  to  be  merely  a 
form  of  diastase.  Cholestrin  is  found  in  wheat,  but  in  very  small  quantity 
(Eitthausen).    The  salts  are  chiefly  phosphates  of  potash  and  magnesia. 

Disadvantages.— It  is  deficient  in  fat,  and  in  vegetable  salts  which  may 
form  carbonates  in  the  system. 

As  usually  prepared,  the  grain  is  separated  into  flour  and  bran ;  the  mean 
being  80  parts  of  flour,  16  of  bran,  and  4  of  loss.  The  flour  is  itseH  divided 
into  best  or  superfine,  seconds  or  middlings,  pollards  or  thirds  or  bran  flour. 
In  different  districts  different  names  are  used.  The  wheats  of  commerce  are 
named  from  colour  or  consistence  (hard  or  soft ;  white  or  red)  ;  the  hard  wheat 
contains  less  water,  less  starch,  and  more  glutin  than  the  soft  wheat. 


Sub-Section  I. — Wheat  Grains. 

The  medical  officer  will  seldom  be  called  on  to  examine  wheat  grains,  but 
if  so  the  following  points  should  be  attended  to.    The  grains  should  be  well 
filled  out,  of  not  too  dark  a  colour ;  the  furrow  should  not  be  too  deep  ;  there 
should  be  no  smell,  no  discoloration,  and  no  evidence  of  insects  or  fuiigi  The 
heavier  the  weight  the  better.    In  the  Belgian  army  the  mmimum  weight  is 
77  kilo^^rammes  the  hectolitre.*    In  England,  good  wheat  weighs  60  ft  to 
the  bushel-  light  wheat  58  Bi  or  even  50  ft.    Fungi,  if  present,  wiU 
be  found  at  the  roots  of  the  hairs,  and  if  in  smaU  amount,  are  only  micro- 
sconic     If  in  large  amount  they  cause  the  diseases  known  by  the  name  ot 
rust    bunt  or  smut,  or  dust  brand ;  they  are  owing  to  species  of  Uredo 
and  Puccinia.     If    any  grains  are  seen  pierced  with   a   hole,  and  on 
examination  are  found  to  be  a  mere  shell,  with  all  the  starch  gone,  this  is 
owing  to  the  weevil,  and  the  little  insect  can  itself  be  found  readily  enough 
if  a  handful  of  wheat  be  taken  and  spread  over  a  large  plate.    The  weevil 

3  A  suhstiiice  caUed  Glacialin  has  been  recommended:  this  consists  of  borax,  boracic  acid, 
su-ar  and  gWcerir  The  two  latter  are  preservative  of  themselves  so  tliat  the  addition  of  the 
fSeV  setm^^^^^^^^^  The  mixture^f  borates  with  glycenn  has  also  been  recommended 

by  Le  Bon  in  France  and  BarfF  in  England.     .         ,     ,  r  -r.^,  ,  „,  ,  c;„;i,r  wlnVh  nrp 

2  These  reach  U  to  15  per  cent.,  especially  in  the  hard  wheats  of  Italy  and  Sicily,  whicli  are 

used  for  macaroni  (Letheby).  .  , ,  ,079 

3  JDie  Eiwcisskorper  der  Octreixicarten,  von  Dr.  H.  Kittliausen,  iocz. 

■*  Squillier,  Des  Subsist.  Mil.,  p.  37. 


EXAMINATION  OF  FLOUR. 


227 


can  hardly  escape  being  seen.  Acarus  farincB  may  also  prey  on  the  wheat 
arain  but  cannot  be  seen  without  a  microscope. 

Sub-Section  IL— Flour.i 

Almost  all  the  bran  is  separated  from  the  finest  flour  ;  it  has  been  a  question 
whether  this  is  desirable,  as  the  bran  contains  nitrogenous  matter— as  much 
sometimes  as  15  percent.,  with  3-5  per  cent,  of  fat,  and  57  per  cent,  of  salts. 
But  if  the  bran  is  used,  it  seems  probable  that  much  is  left  undigested,  and 
all  the  nutriment  which  is  contained  in  it  is  not  extracted.  A  plan  has  been 
employed  by  Mege-Mouri^s,  which  seems  to  save  all  the  most  valuable  parts 
of  the  bran ;  the  two  or  three  outer  and  highly  siliceous  envelopes  of  the 
wheat  are  detached,  and  the  fourth  or  internal  envelope  is  left.  Several 
plans  of  decorticating  wheat  have  been  proposed,  but  none  of  them  at  present 
have  superseded  the  old  system  of  grinding. 

If  the  whole  wheat  is  used,  it  should  be  ground  very  fine,  as  the  harder 
envelopes  are  very  irritating,  and  it  is  well  to  remember  that  for  sick  persons 
with  any  bowel  complaints  bread  must  be  used  entirely  without  bran. 
Dysenteries  have  been  found  most  intractable,  merely  from  attention  not 
being  directed  to  this  simple  point.  It  is  aU  the  more  necessary  to  insist 
upon  this,  as  whole  meal  bread  has  been  much  recommended  and  used  of 
late, 

Examination  of  Flour  for  Quality  and  Adulteration. 

Flour  should  be  examined  physically,  microscopically,  chemically,  and 
practically  by  making  bread. 

The  quality  is  best  determined  by  chemical  examination ;  adulterations  by 
the  microscope. 

Physical  Examination. 

Sight. — The  starch  should  be  quite  white,  or  with  the  very  slightest  tinge 
of  yellow ;  any  decided  yeUow  indicates  commencing  changes ;  the  amount  of 
bran  should  not  be  great. 

Touch. — There  should  be  no  lumps,  or,  if  there  are,  they  should  at  once 
break  down  on  slight  presssure  ;  there  must  be  no  grittiness,  which  shows 
that  the  starch  grains  are  changing,  and  adhering  too  strongly  to  each  other, 
and  will  give  an  acid  bread.  There  should,  however,  be  a  certain  amount  of 
adhesion  when  a  handful  of  flour  is  compressed,  and  if  thrown  against  a  wall 

^  The  following  is  given  by  Peligot  (mean  of  14  analj'^ses),  as  the  relative  composition  of 
flour  and  bran.  The  analyses  of  Von  Bibra  {Die  Oetreideartenund  das  Brod,  1860)  agree  very 
closely  with  it. 

Wheat  Flow  and  Bran.  In  100  parts. 

Flour.  Bran. 

Water,   14  10-3 

Fatty  matters,  1-2  2-82 

Nitrogenous  substances  insohible  in  water  (glutin),      12-8  10'84 

Nitrogenous  substances  soluble  in  water  (albumin),       1'8  1'64 

Non-nitrogenous  soluble  substances  (dextrin,  sugar),     7  "2  5-8 

Starch,                                                               597  22-62 

Cellulose                                                              1-7  43-98  2 

Salts,  1-6  2-52 


*  This  is,  however,  the  cellulose  of  the  entire  grain,  both  of  the  husk  and  the  interior  of  the  grain  Pot- 
ash, pliosphoric  acid,  and  magnesia  are  the  principal  ingredients  of  the  salts  ;  the  earthy  phosphates  are 
?R»!riN  ^  """^ fl«fl"ite  proportions,  with  the  albuminates  (Mayer),  and  also  the  gummy  matter 

lowpv  3  o„  "  P  losphatcs  are  free.  The  bran  contains  much  silica.  Oudcmans  places  the  cellulose 
lowei  {i;  to  30  per  cent.),  and  the  salts  higher  (4  to  6  per  cent.).  ^ 
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or  board  some  of  tho  flour  should  adlicro.  "When  jnade  into  a  paste  with 
water,  the  dough  must  be  coherent,  and  draw  out  easily  into  strings. 

Taste. — The  taste  must  not  be  acid,  though  the  best  flour  is  slightly  acid  to 
test-paper.  An  acid  taste,  showing  lactic  or  acetic  acid,  is  sure  to  give  an 
acid  bread. 

Smell. — There  must  be  no  smell  of  fermentation  or  mouldiness. 
Age  of  flour  is  shown  by  colour,  grittiness,  and  acidity. 

Chemical  Examination. 

It  is  seldom  that  a  medical  officer  will  be  able  to  go  through  a  complete 
examination,  but  he  should  always  determine  the  following  points  : — 

1.  Amount  of  Water. — Weigh  1  gramme,  spread  it  out  on  a  dish,  and  di-y 
either  by  a  water  bath  or  in  a  hot-air  bath  or  oven,  the  temperature  not  being 
allowed  to  go  above  212°.  The  flour  must  not  be  at  all  burnt  or  mucli 
darkened  in  colour.  Weigh  directly  the  flour  is  cold:  the  loss  is  the 
percentage  of  water. 

The  range  of  water  is  from  10  (in  the  best  dried  flours)  to  18  in  the  worst. 
The  more  water  the  greater  liability  of  change  in  the  flour,  and,  of  course^  the 
less  is  the  amount  of  nutriment  purchased  in  a  given  weight.  If,  then,  the 
water  be  over  18  per  cent.,  the  flour  should  be  rejected;  if  over  16,  it  should 
be  unfavourably  spoken  of. 

2.  Amount  of  Gluten. — Weigh  10  grammes  and  mix,  by  means  of  a 
glass  rod,  with  a  little  water,  so  as  to  make  a  well-mixed  dough;  let  it 
stand  for  quarter  of  an  hour  in  an  evaporating  dish;  then  pour  a  little 
water  on  it ;  work  it  about  with  the  rod,  and  carefully  wash  off  the 
starch ;  pour  off  from  time  to  time  the  starch  water  into  another  vessel. 
After  a  time,  the  glutin  becomes  so  coherent,  that  it  may  be  taken  in 
the  fingers  and  worked  about  in  water,  the  water  being  from  time  to  time 
poured  off  till  it  comes  off  quite  clear.  If  there  is  not  time  to  dry  the 
glutin,  then  weigh;  the  dry  glutin  is  rather  more  than  one-third  the 
weight  of  the  moist;  1  to  2-9  is  the  usual  proportion;  therefore  divide 
the  weight  of  the  moist  glutin  by  2-9.  If  there  be  time,  dry  the 
glutin  thoroughly,  and  weigh  it.  This  is  best  done  by  spreading  it  out 
on  a  crucible  lid  and  drying  it  in  the  bath.  The  dry  glutin  ranges  from  8 
to  12  per  cent. ;  flour  should  be  rejected  in  which  it  falls  below  8.  If  there 
is  much  bran,  it  often  apparently  increases  the  amount  of  glutin  by  adhering 
to  it,  and  should  be  separated  if  possible;  in  fact,  the  glutin,  as  thus  ob- 
tained, is  never  pure,  but  always  contains  some  bran,  starch,  and  fat.  The 
glutin  should  be  able  to  be  drawn  out  into  long  threads;  the  more  exten- 
sible it  is  the  better.  It  is  always  well  to  make  two  determinations  of  glutin, 
especially  if  there  is  any  disputed  question  of  quality,  i 

3.  Amount  of  Ash. — Take  10  grammes,^  put  into  a  porcelain  or  platinum 
crucible,  and  incinerate  to  white  ash.  Weigh.  The  ash  should  not  be  more 
than  2  per  cent.,  or  probably  some  mineral  substances  have  been  added;  it 
should  not  be  less  than  -8,  or  the  flour  is  too  poor  in  salts. 

The  incineration  of  the  flour  requires  a  crucible  and  gas.  It  is  difficult  to 
do  it  over  a  spirit  lamp,  as  it  takes  a  long  time.  A  small  charcoal  fire  is  pro- 
bably the  best  plan  when  gas  appliances  are  wanting. 

If  the  ash  be  more  than  2  per  cent.,  add  hydrochloric  acid,  and  see  if  there 

^  Mr.  Wanklyn  has  proposed  to  utilise  the  albuminoid  ammonia  process  for  determining 
gluten,  reckoning  that  100  parts  of  flour  yield  1  -2  of  ammoma.  ,  ^  , 

2  If  only  a  small  crucible  be  employed  a  smaller  quantity  should  be  taken,  as  it  is  difficult 
to  incinerate  ;  with  a  moderately  good  balance,  2  or  3  grammes  may  be  used. 
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he  effervescence  (magnesium  or  calcium  carbonate)  Dissolve,  and  test  witk 
oLhrof  rin^um,  and  then  for  magnesia,  in  the  same  way  as  m  water, 
rfloui  on Ss  both  lime  and  magnesia,  to  prove  adulteration,  the  precise 
^lunt  of  ite  and  magnesia  must  be  determined  by  weighing  the  incinerated 
r.alPi-nT>i  nvnlate  or  the  magnesium  pyrophosphate. 

I  tlret  ™  e^^^^^^^  add  water,  and  test  for  su  ptanc  acid  and  hme, 

to  1  t  calcil  sulphate  (pkstor  of  Paris)  has  been  added.  In  normal  flour 
+>iP  nmnnnt  of  sulphuric  acid  is  very  small,  ^  -n 

XoTcra^^       ti^e  ash  be  red  (from  iron).    If  clay  has  been  added,  it  will 
be  left  undissolved  by  acids  and  water. 

If  magnesium  carbonate  has  been  added,  the  ash  is  light,  and  porous  and 

^""ab  e2rmode  of  detecting  large  quantities  of  added  mineral  substances  is 
criven  by  Eedtenbacher ;  the  flour  is  strongly  shaken  with  chloroform ;  the 
lour  floats,  while  all  foreign  mineral  substances  fall.  This  is  a  very  useiul 
test  ^ 

'  If  the  water  be  small,  the  glutin  large,  and  the  salts  in  good  quantity  the 
flour  is  good,  supposing  nothing  is  detected  on  microscopical  examination. 
But  in  all  cases  it  is  well,  if  time  can  be  spared,  to  have  a  loaf  made. 

Practical  Test  by  Baking.— K^kQ  a  loaf,  and  see  if  it  is  acid  when  fresh, 
and  how  soon  it  becomes  so ;  if  the  colour  is  good,  and  the  rising  satisfactory. 
Old  and  changing  flour  does  not  rise  well,  gives  a  yellowish  colour  to  the 
bread,  and  speedily  becomes  acid.  Excess  of  acidity  can  be  detected  by 
holding  a  piece  of  bread  in  the  mouth  for  some  time,  as  well  as  by  tes'.- 

paper.  .  .  ■, 

Test  for  Ergot— There  is  no  very  good  test  for  ergot  when  it  is  ground  up 
with  the  flour.  Laneau's  plan  is  to  make  a  paste  with  a  weak  alkaline  solu- 
tion ;  to  add  dilute  nitric  acid  to  slight  excess,  and  then  alkali  to  neutralisa- 
tion ;  a  violet-red  colour  is  said  to  be  given  if  ergot  is  present,  which  becomes 
rosy-red  when  more  nitric  acid  is  added,  and  violet  when  alkali  is  added. 

Wittstein  considers  this  method  imperfect,  and  prefers  trusting  to  the 
peculiar  odour  of  propylamine  (herring-like  smell),  developed  by  liquor  potassai 
in  ergoted  flour. 

Microscopical  Examination. 

This  is  especially  directed  to  determine  the  relative  amount  of  flour  and 
bran,  the  presence  of  fungi  or  acari,  or  the  fact  of  adulteration  by  other  grains. 

In  examining  wheat,  or  any  other  cereal  grains,  it  is  necessary  to  prepare 
them  beforehand  by  soaking  for  some  time  in  water.  It  will  then  be  found 
easy  to  demonstrate  the  different  structures.  By  means  of  a  needle  and  a  pair 
of  fine  forceps  the  different  coats  can  be  removed  seriatim,  sometimes  quite 
separately,  but  generally  more  or  less  in  combination.  The  only  one  that 
presents  any  difficulty  is  the  third  coat  of  wheat  or  barley,  but  generally  it 
can  be  found  accompanying  the  second  or  fourth  coats.  In  the  case  of  barley, 
the  proper  external  envelope  of  the  grain  sometimes  adheres  to  the  interior 
of  the  husk,  where  it  ought  to  be  looked  for  in  the  event  of  its  not  being  on 
the  surface  of  the  grain  itself.  After  examining  the  separate  coats,  sections 
may  be  made  of  the  whole  grain,  so  as  to  see  the  structures  in  situ.  The 

1  The  remaining  ingredients  can  be  determined,  if  necessary,  from  the  starch  water,  but  it 
is  seldom  necessary  to  do  so.  Allow  the  starch  to  subside,  pour  off  the  fluid,  and  wash  the 
starch  by  decantation,  then  dry  and  weigh  ;  take  all  the  water  and  washings,  evaporate  to  a 
small  bulk,  add  a  little  nitric  acid,  and  boil ;  albumin  is  thrown  down ;  collect,  wash,  and 
weigh.  Evaporate  the  whole  of  the  remainder  to  dryness,  and  weigh  (mixed  dextrin  and 
sugar). 
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hairs  are  generally  found  in  a  bunch  at  the  end  of  the  grain.    The  starch 
grains  are  best  demonstrated  by  picking  out  a  little  from  the  centre  of  the 
grain  :  mixed  glycerin  and  water  form  the  best  medium  for  demonstration. 
Structure  of  the  Wheat  Grain. — There  are  four  envelopes  (some  authors 


Fig.  23. —Transverse  Section  of  Envelopes  of  Wheat,    Scale  lOOOtli  of  an  inch. 

make  three,  others  five  or  six — the  outer  coat  being  divided  into  two  or  three) 
surrounding  a  fine  and  very  loose  areolar  tissue  of  cellulose  filled  with  starch 
grains. 

Envelo;pes  of  Wheat.  —The  drawings  show  the  coats  in  situ,  cut  transversely 

I — ? — I — 1 — I — I — ^ — I — 1 — i — \ 


Fig.  24.— Envelopes  of  Wheat  (longitudinal  section).    Scale  1000th  of  an  inch. 

and  longitudinally,  also  the  separate  coats.  The  outer  coat  is  made  up  of  two 
or  three  layers  of  long  cells,  with  slightly  beaded  walls,  running  in  the  direc- 
tion of  the  axis  of  the  grain.    The  septa  are  straight  or  oblique,  and,  as  will 


Fig.  25.— Outer  Coat  and  Hairs  of  Wheat.    Scale  100th  of  an  inch. 


be.  seen,  the  cells  differ  in  length  and  breadth.  The  size  can  be  taken  by  the 
scale,  The  hairs  are  attached  to  this  coat,  and  arc  prolongations,  in  fact,  of 
the  cells.  In  the  finest  flour  the  hairs  and  bits  of  this  coat  (as  well  of  the 
other  coats)  can  be  found. 


ENVELOPES  OF  WHEAT. 
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r^^  r.r.A  pn.t  couiitiiiff  froiTL  without,  is  composed  of  a  layer  of  shorter 
The  slightly  roinded  ends  and  beaded  walls  and 

ce  Is,  naore  f  8^^^'^^,;^ '^''4;'first  coat,  or  across  the  axis  of  the  grain.    It  is 
2take  it'\he  third  coat  is  a  delicate  diaphanous,  almost 


Fig.  26.— Outer  Coat  and  Hairs  of  Wheat.    Scale  lOOOtli  of  an  mch. 

hyaline  membrane,  so  fine  that  its  existence  was  formerly  doubted.  Dr. 
Maddox,  however,  has  distinctly  shown  it  to  have  faint  lines  crossing  each 
Other  diagonally  as  seen  in  the  drawing,  which  may  be  cells.  With  a  little 
care,  it  is  very  easily  demonstrated.    In  the  transverse  section  of  the  envelope 


Fig.  27.— Second  and  Third  Envelopes  of  Wheat.    Scale  1000th  of  an  inch. 

it  appears  as  a  thin  white  line.  Internal,  again,  to  this  coat  what  appears  to 
be  another  coat  can  sometimes  be  made  out ;  it  is  a  very  fine  membrane' 
marked  with  widely  separated  curved  lines,  which  look  like  the  outlines  of 
large  round  or  oval  cells.    The  internal  or  fourth  coat,  as  it  is  usually  called 
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wi-r?H  1  \  T  °'  ^"^^^T"'  P^'^^^^)  ^'o^^de^  ^'■l^^^rish  cells  filled 
with  a  dark  substance  winch  can  be  emptied  from  the  cells.  When  the  cells 
aie  empty,  they  have  a  remote  resemblance  to  the  areolar  tissue  of  the  legu- 


6(?PlS  'if' 


Fig.  28.— Foiu-th  Envelope  of  Wheat.      Fig.  29.— Fresh  Starch-grains  of  "Wheat  (moistened) 
Scale  1000th  of  an  inch.  x  360. 

minosae,  and  there  is  little  doubt  that  from  this  cause  adulteration  with  pea  or 
bean  has  been  sometimes  improperly  asserted. 

The  starch  grains  of  wheat  are  very  variable  in  size,  the  smallest  being 


Fig.  30. — Dried  and  then  moistened  Starch-grains  of  Wheat.    Scale  1000th  of  an  inch. 

almost  mere  points,  the  largest  yoVo^-'^  ^^^^     diameter  or  larger.  In 

shape  the  smallest  are  round  ;  the  largest  round,  oval,  or  lenticular.  It  has 
been  well  noticed  by  Hassall  that  there  is  often  a  singular  want  of  interme- 
diate-sized grains.  The  hilum,  when  it  can  be  seen,  is  central,  the  concentric 
lines  are  perceived  with  difficulty,  and  only  in  a  small  number ;  the  edge  of 
the  grain  is  sometimes  turned  over  so  as  to  cause  the  appearance  of  a  slight 
furrow  or  line  along  the  grain.  Very  weak  liquor  potasses  causes  little 
swellings ;  strong  liquor  potasses  bulges  them  out,  and  eventually  destroys 
them.  There  is  no  difficulty  in  seeing  if  the  pieces  of  envelope  are  too 
numerous,  but  it  should  be  remembered  the  best  flour  contains  some. 


«  Diseases  of  Flour. 

Fungi. — Several  fungi  are  found  in  wheat-flour.  The  most  common  fungus 
is  a  species  of  Puccinia.    It  is  easily  recognised  by  its  round  dark  sporangia, 
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whicli  are  eitlier  contoured  with  a  double  line,  or  are  covered  witli  little  pro- 
jections. It  is  said  not  to  be  injurious  by  some,  but  this  is  very  doubtful. 
The  symptoms  have  not  been  well  described. 

The  smut,  or  caries,  is  also  a  species  of  Puccinia;  has  large  sporules,  and 


Fig.  31. — Diseased  Flour  {Puccinia). 

gives  a  disagreeable  smell  to  the  flour,  and  a  bluish  colour  to  the  bread.  It 
is  said  to  produce  diarrhoea. 

Acarus.- — Acarus  farince  is  by  no  means  uncommon  in  inferior  flour, 


Fig.  2,2.— Acarus  farincB  (x85  diameters).— Mites  found  in  flour  alive.  In  the  largest 
ngures,  the  insects  are  considerably  compressed,  to  show  the  powerful  mandibles,  and  have 
eacn  a  ventral  aspect.  In  the  smallest  and  middle-sized  insect,  we  have  drawn  the  dorsal 
aspect ;  the  former  only  possesses  six  legs,  as  before  the  first  moult ;  several  ova  lie  scattered 
m  tiie  held  of  view.  It  is  unluiown  what  ofiace  the  capsular  organs  fulfil.  They  are  well  seen 
on  each  side  of  the  largest  figure. 

especially  if  it  is  damp.    It  does  not  necessarily  indicate  that  leguminous 
seeds  are  present,  as  stated.    It  is  no  doubt  introduced  from  the  grain  in  the 
mill  as  It  has  been  found  adhering  to  the  grain  itself.    It  is  at  once  recognised 
i  ortions  of  the  skin  are  also  sometimes  found. 
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Vihriones. — These  form  for  the  most  part  in  flour  which  has  gone  to 
extreme  decomposition,  and  which  is  moist  and  becoming  discoloured.  They 
cannot  be  mistaken. 

The  presence  of  Acaii  always  shows  that  the  flour  is  beginning  to  change. 
A  single  acarus  may  occasionally  bo  found  in  good  flour,  but  even  one  should 
be  looked  on  with  suspicion,  and  the  flour  should  be  afterwards  frequently 
examined  to  see  if  they  are  increasing. 

Weevil  (Calandra  granaria). — The  weevil  is  of  course  at  once  detected. 
It  is  by  no  means  so  common  in  flour  as  in  corn. 


Fig.  33. 
Weevil — Natural  size. 


Fig.  34.— Weevil.    Magnified  12  diameters. 

Ephestia.—The,  larva  of  the  moth,  which  feeds  on  cocoa  {Ephestia  elutella), 
has  sometimes  caused  great  ravages  in  flour  and  in  biscuits.  _  At  Cork  and 
Gibraltar  many  tons  of  biscuit  have  been  rendered  useless  by  this  larva,  which 
appears  to  have  been  introduced  from  the  cocoa  stored  for  the  fleet.  ^ 

Adulterations  of  Wheat-Flour. 

At  present  there  is  very  little  adulteration  of  wheat-flour  in  this_  country, 
but  with  rising  prices  the  case  might  be  drfferent.  Abroad,  adulteration  is  pro- 
bably more  common,  and  the  medical  officer  must  be  prepared  to  investigate 
the  point. 

The  chief  adulterations  are  by  the  flour  of  other  grams,  viz.  :  — 


m  some 
countries. 


Eice, 

Buckwheat, 
Millet, 
Linseed, 
Melampyrum, 
Lolium, 

and  other  grains  noticed  farther  on,  All  these  are  easdy  recognised  by  the 
microscope. 

Other  adulterations  are  by  muieral  substances,  viz.  :— 

Powdered  flint, 
Calcium  and  magnesium 
carbonate. 


Barley, 
Potato, 

Beans  and  peas, 
Maize, 
Oat, 
Eye, 


Alum, 
Gypsum, 
Clay, 


"These  are  best  detected  by  chemical  examination. 


1  Professor  Huxley  has  kindly  given  these  interesting  details    The  larva  of  the 
elutella  (or  "  chocolate  moth ")  is%niall,  and  is  never  "/^^  \ 

female  motifs  fly  at  night  in  swarms,  and  lay  their  eggs  on  the  biscuits  or  tlic  puncheons  ^^hlch 
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Detection  of  Barley.— This  is  not  easy,  but  can,  with  care,  be  often  done. 

The  envelopes  ofhaiieij  are  the  same  in  number  as  those  of  wheat,  but  they 
are  more  dehcate.  The  outer  coat  has  three  layers  of  cells ;  the  walls  of  the 
external  layer  are  beautifully  waved,  but  not  beaded;  the  cells  are  smaller 
than  those  of  the  outer  coat  of  wheat.  The  second  coat,  disposed  at  right 
angles  to  the  first,  as  in  wheat,  is  like  the  second  coat  of  wheat,  except  m 
being  more  delicate  and  not  beaded. 
The  third  is  hyaline  and  transparent, 
as  in  wheat.  The  fourth  has  the 
cells  similar  in  shape  to  the  cor- 
responding wheat  coat,  but  they  are 
very  much  smaller,  as  may  be  seen 
on  reference  to  the  scale,  and  there 
are  two,  or  often  three,  layers. 

The  starch  grains  of  barley  are  Jj 
very  like  the  wheat,  with  a  central 
hilum  and  obscure  marking,  but 
are  on  the  whole  smaller;  some  "^"j 
have  thickened  edges,  instead  of 
the  thin  edges  of  the  wheat-starch 
grain,  but  it  is  very  difficult  and 
sometimes  impossible  to  distinguish 
them  It  is  therefore  specially  to 
the  envelopes  that  we  must  attend. 

.Detection  of  Potato  Starch. — 
This  is  a  matter  of  no  difficulty ;  the  starch  grains,  instead  of  being  round 
or  oval,  and  with  a  central  hilum  and  obscure  rings,  are  pyriform,  with  an 
eccentric  hilum  placed  at  the  smaller  end,  and  with  well-marked  concentric 
rings.  "Weak  liquor  potassae  (1  drop  of  liq.  pot.  B.P.  to  10  of  water) 
swells  them  out  greatly  after  a  time,  while  wheat-starch  is  little  affected  by 
this  strength ;  if  the  strength  is  1  to  3  (as  in  the  figure),  the  swelling  is 
very  rapid. 

Detection  of  Maize  {Indian  Corn). — There  are  two  envelopes  ;  the  outer 
being  made  up  of  seven  or  eight  strata  of  cells ;  there  is  no  transverse  second 
coat,  as  in  wheat ;  the  internal  coat  consists  of  a  single  stratum  of  cells  like 
the  fourth  of  wheat,  but  less  regular  in  shape  and  size.  The  cellulose,  through 
the  seed  holding  the  starch  in  its  meshes,  forms  a  very  characteristic  struc- 
ture, which  on  section  looks  like  a  pavement  made  of  triangular,  square  or 
polygonal  pieces  ;  the  cells  are  filled  with  the  starch-grains,  which  are  very 
small,  and  compressed,  so  as  to  have  facets.  They  are  very  different  from  the 
smooth,  uncompressed  round  cells  of  wheat. 

Bits  of  cellulose,  with  its  peculiar  angular  markings,  are  always  found  if 
the  wheat  is  adultera|;ed  with  maize. 


Fig.  35. — Barley  (longitudinal  section). 
Scale  is  the  same  as  that  of  the  Starch-grains. 


1  t!"  '^^^  larvse  are  soon  hatched,  and  by  means  of  strong  jaws  and  active  legs  scrape 
and  bore  their  way  through  crevices  ;  they  eat  the  biscuit,  and  spoil  more  than  they  eat  by 
spmnmg  their  webs  over  the  biscuit.  Cocoa  stores  swarm  with  the  moths  and  larvae  and  thev 
even  penetrated  into  many  parts  of  H.M.S.  "  Hercules." 

After  examining  into  the  ravages  caused  by  these  larvse  in  the  biscuit  at  Gibraltar  Mr 
Huxley  made  the  following  suggestions  :—  ' 

o  m°  ^^^^^      cocoa  stored  in  any  place  in  which  biscuits  are  mamifactured. 

^.  To  head  up  all  biscuit  puncheons  as  soon  as  they  are  full  of  tlie  freshly-baked  biscuit 

d.  Loat  puncheons  with  tar  after  they  are  headed  up,  or  at  least  work  lime  wash  well  into 
au  tne  jomts  and  crevices. 

it  Utt'^ei        Sj*"  ™ "  ^^^'^  ""^     ^  p"-'-- 

5.  11  other  means  fail,  expose  woodwork  of  puncheons  to  a  heat  of  200°  Fahr.  for  two  hours. 
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Detection  of  Bean  and  Pea. — These  adulterations  are  also  at  once  discovered; 
the  meshes  of  cellulose  are  very  much  larger  than  those  of  the  fourth  coat 


Fig.  36.  Fig.  37. 

Outer  Coat  and  Hairs  of  Barley  (low  power).         Outer  Coat  of  Barley  (higher  power). 


of  wheat,  with  which  it  has  sometimes  been  confounded,  and  the  starch  grains 
are  also  quite  different ;  they  are  oval  or  reniform,  or  with  one  end  slightly 


Fig.  38.— Barley  (second  and  third  coats). 

larger ;  they  have  no  clear  hilum  or  rings,  but  many  have  a  deep  central  lougi 
tudinal  cleft  running  in  the  longer  axi?,  and  occupying  two-tlui-ds  or  three- 
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fourtlis  of  tlie  length,  but  never  reaching  completely  to  the  end ;  this  cleft 
is  sometimes  a  line,  sometimes  almost  a  chasm,  and  occasionally  secondary 


H — I 


-Barley  (fourtli  coat). 


Fig.  40.— Barley  (Starch-grains). 


Fig.  39.- 

clefts  abut  upon  it  at  parts  of  its  course  ;  sometimes,  instead  of  a  cleft,  there 
is  an  irregular-shaped  depression.  If  a  little  liquor  potasses  be  added,  the 
cellulose  "is  seen  more  clearly.    Pea-floiir  is  never  added  to  a  greater  extent 


Fig.  42. — Medium  and  small-sized  Potato 
Fig.  41.  — Potato  Starch  x  285.  Starch-grains,  treated  with  Liq.  Pot.  B.P. 

See  also  Plate  of  Starclies.  (strength  1  to  3),  and  x  285. 

than  4  per  cent.,  as  it  makes  the  bread  heavy  and  dark.  If  the  flour  be  mixed 
with  a  little  boiling  water,  the  smeU  of  the  pea  or  bean  is  perceptible. 

Detection  of  Oat. — There  are  two  or  three  envelopes  ;  the  outer  longitudinal 
colls ;  the  second  obliquely  transverse,  and  not  very  clearly  seen ;  the  cells  are 
wanting  in  parts,  or  pass  into  the  cells  of  the  third  coat ;  the  third  a  layer, 
usually  single,  of  cells  like  wheat.  The  husk  must  be  detached  before  the 
envelopes  are  looked  for.  The  starch-ceUs  are  smaU,  many-sided,  and  cohere 
into  composite  round  bodies,  which  are  very  characterisbic,  and  which  can  be 
broken  down  into  the  separate  grains  by  pressure.  A  high  .power  is  the  best 
for  this.  The  oat  starch  does  not  polarise  light.  There  is  no  difficulty  in  the 
detection  of  the  starch  grains. 
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Dataction  of  Rice. — The  hnsk  of  rico  is  very  peculiar ;  on  tlie  outer  coat 
are  numerous  siliceous  granules,  arranged  in  longitudinal  and  transverse  ridges 


X  250 


Fig.  43. — Indian-Corn  Flour.    See  also       Cellulose  of  Indian  Com  x  500,  with  markings 
Plate  of  Starches.  from  the  Starch-grains  on  the  intercellular 

membrane. 

(figs.  49  and  50)  (a).  There  are  numerous  hairs,  some  of  which  are  seated 
over  stomata.  Below  this  is  a  memhrane  of  transverse  and  longitudinal 
rough -edged  fibres  (6  c),  while-  below  these  again  is  a  fine  membrane  of 


Fig.  44.— Longitudinal  section  of  Coats  of  Indian  Corn  and  Cellulose  x  190. 

transverse  angular  cells  {d),  covermg  a  very  delicate  membrane  of  large  cells. 
The  starch  corpuscles^ are  very  small  (fig.  48)  ;  angular  under  low  powers; 
under  high  powers  they  are  seen  to  be  facetted  and  compressed.  They  can- 
not be  mistaken  for  the  round  cells  of  wheat,  but  may  be  confounded  with 
oat  starch,  from  which,  however  they  are  distinguished  by  the  absence  of  the 
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compound  cells  or  glomeruli.  Their  shape  is  also  a  little  like  maize,  but  they 
are  very  much  smaller.  r    i    ^  j 

Detection  of  Bye.— The  envelopes  are  very  like  those  of  wheat,  and  can 


Fig.  45. — Bean  Starch. 


perhaps  hardly  be  distinguished  from  them.  The  recent  starch  grains  are 
also  like  those  of  wheat,  but  they  are  much  more  distinctly  spherical.  They 
have  also  sometimes  a  peculiar  rayed  hilum,  which  used  to  be  thought 


[  1  ;  1  1  1  1  1  1  1  \ — ^ 

Fig,  46.— Pea  Flour. 


peculiar  to  the  older  and  drier  grains.    It  is,  however,  to  be  seen  even  in  the 
starch  of  fresh  soft  grains,  whilst  the  plant  is  still  green.    In  the  starch  of 
wheat  it  is  only  met  with  occasionally,  when  the  grain  is  very  old  or  dry. 
hmJd'  quantity,  is  discovered  by  baking  ■  it  makes  a  dark,  acid 

Linseed  is  not  a  common  adulterant.  The  envelopes  are  peculiar  :  the 
external  is  made  up  of  hexagonal  cells,  containing  oil ;  the  second  of  round 
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cells;  the  third  of  fibres;  and  the  fourth  of  angular  cells,  containing  a 


dark  reddish  colouring  matter. 


Fig.  47. — White  Oat  (long,  sect.,  2iid  and  3rd  coats  not  separable),    a  Compound 

grains  x  100.    h  One  do.  x  500. 

Buckiolieat  {Polygonum  Fagopyrum,  or  Fagopyrum  esculentum). — Like  rye, 


0  0'^ ; 


^  <7 


Fig,  48.— Ground  Eice  Flour  x  350. 

this  is  only  likely  to  be  found  in  wheat  coming  from  the  Baltic.  The 
drawing  sufficiently  shows  the  texture  of  the  envelopes,  which  is  very  corapli- 
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Pated  The  starch-grains  are  small  and  round,  and  adhere  together  in  masses. 
Under  a  hi.^h  power  there  are  indications  of  concentric  rings.  Lread  made 
with  this  grain  has  a  darkish,  somewhat  riolet,  colour. 


Fig.  49.— Eice  x  170.  Fig.  50.— Eice  x  178. 

Fig.  49.  Transverse  section  of  the  Husk  of  Eice,  •       \  ^  ijq 

Fig.  50.  Appearance  of  Husk  as  seen  in  a  transparent  medium  of  glycerine  and  gum,  ) 
a,  Siliceous  granules,  arranged  in  longitudinal  and  transverse  ridges,  perforated  by  openings— 
stomata,  some  having  hairs  seated  over  them,    b  c,  Transverse  and  longitudinal,  brittle,  rough- 
edged  fibres,   d,  A  line  membrane  of  transverse  angular  cells  ;  these  overlie  a  very  dehcate 
membrane  of  large  cells  e. 

Millet— In  India,  Egypt,  China,  and  West  Coast  of  Africa,  millet  of  some 
kind  is  likely  to  be  an  adulteration.  Dr.  Maddox's 
drawing  (page  244)  shows  the  beautiful  structure 
of  the  envelopes,  which  could  not  be  confounded 
with  those  of  wheat.  The  starch-grains  are  very 
small,  round,  and  tolerably  uniform  in  size. 

Melampyrum  arvense  and  other  species  (Purple 
cow-wheat  —  Scrophulariacece).  —  This  has  oc- 
casionally been  mixed  with  flour;  it  is  not 
injurious,  but  gives  the  bread  (not  the  flour)  a 
peculiar  smoky  violet  or  bluish- violet  tint.  This 
depends  on  a  colouring  matter  in  the  seed^  which, 
when  warmed  with  acid,  gives  the  violet  colour.^ 

Trifolium    arvense    (Trefoil — Leguminosce). — 
This  also  gives  the  bread  a  red- violet  colour.    It  is  Fig.  51.— Eye-starch,  with  rayed 
not  known  to  be  injurious.  hilum  (after  Hassall)  x  420. 

Rliinanthibs  major  and  crista  galli  (Yellow-rattle — Scrophulariacece)  gives 
bread  a  bluish-black  colour,  a  moist  sticky  feel,  and  a  disagreeable  sweet 


1  Pellischek,  Schmidt's  Jahrb.  1863,  No.  3,  p.  287. 
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taste.  It  is  not  injurious.  Onohrydds  sativa  (^Simtom—Leguminosce)  has 
also  been  used. 


Fig  52.- -Rye — 1.  Transverse  section  of  Testa,  &c.,  x  108  ;  2.  Coats  in  situ  from  without,  x  170. 
a,  External ;  b,  Middle  ;  c,  Internal  coat ;  d,  Starch-grains  x  108. 


Fig.  53. — Outer  coat  of  Buckwheat,  ap- 
parently of  irregular  and  interlacing 
tibrospiral  cells,  separable  by  boiling 
the  testa  and  macerating  it.  Outside 
these  cells  is  a  very  thin  and  delicate 
membrane,  retaining  the  marks  of  at- 
tachment of  the  spiral  cells,  x  170. 


Internal  coats.  The  most  internal  is  com- 
posed of  cells  vnth  an  irregular  waved 
outline,  and  longitudinal  cells  over  the 
starch-cells  x  170. 


Lolium  temulentum  (Darnel — GraminexB;  other  species  may  be  used). 


ADULTERATIONS  OF  FLOUE— LOLIUM  TEMULENTUM. 
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This  "ives  tlie  bread  no  colour,  but  produces  narcotic  symptoms,  vertigo, 
-uiUucinations,  delirium,  convulsions,  and  paralysis/  Pelliscbek  states  that 
these  symptoms  do  not  occur  if  the  grain  be  dried  m  an  oven  before  bakmg, 


Fig.  54.— -Buckwheat — transverse  section  of  outer,  middle,  and  internal )  xl70. 

coats,  witli  cellulose  containing  starch-grains,      .       .       .)  Starch-grains  x  500. 

or  if  the  bread  is  left  for  some  days  before  being  used.  The  detection  of  the 
lolium  is  best  affected  by  means  of  alcohol,  which  gives  a  greenish  solution 
with  a  disagreeable  repulsive  taste,  and  on  evaporation  a  resinous  yellow- 
green  disagreeable  extract  is  left.  Pure  flour  gives  with  alcohol  only  a  clean 
straw-coloured  solution,  with  an  agreeable  taste  (Pellischek). 

^  The  peculiar  symptoms  produced  by  Lolium  temulentum,  or  bearded  Darnel,  were  well 
known  to  the  ancients.  Pereira  states  that  the  first  symptoms  are  gastro-intestinal,  such  as 
vomiting  and  colic,  and  then  cerebro- spinal  symptoms  come  on,  viz.,  headache,  giddiness, 
tinnitus,  confusion  of  sight,  dilated  pupils,  delirium,  trembling  and  paralysis  [Elements  of 
Materia  Medica,  1850,  vol.  ii.  p.  977).  The  same  effects  are  produced  on  animals.  Pereira 
states  that  he  did  not  succeed  in  obtaining  the  chemical  test  noted  iu  the  text,  viz.,  the  green 
alcoholic  solution  and  the  yellow  resin  on  evaporation.  Hassall  figures  the  starch-grains  of  the 
lolium  as  small  and  something  like  rice  ;  fifty  or  sixty  may  adhere  together  and  form  a  com- 
pound grain  not  very  unlike  the  oat.  The  envelopes  are  tolerably  distinctive  ;  the  cells  of  the 
outer  coat  are  made  up  of  a  single  layer,  and  are  disposed  transversely  instead  of  longi- 
tudinally. _  The  second  coat  is  in  two  layers,  and  the  cells  have  a  vertical  arrangement.  The 
third  coat  is  like  the  inner  coat  of  wheat.    This  account  is  taken  from  Hassall. 

It  is  not  very  likely  that  any  other  grains  except  those  mentioned  iu  the  text  will  be  mixed 
with  wheat  flour.  The  seeds  of  the  Peruvian  food,  the  Chenopoclmmi  Quinoa  have  not  apparently 
been  used  as  a  falsification.  The  starch-grain  of  the  Quinoa  are  said  to  be  the  smallest 
known.  It  may  be  worth  remarking  that  this  seed  is  very  rich  in  salts  (2 "4  per  cent.),  and 
particularly  so  in  iron  (75  per  cent.)  ;  indeed,  it  is  the  richest  in  iron  of  any  vegetable. 
It  IS  possible  that  it  might  be  a  useful  food  in  some  cases  of  illness.  It  is  fairly  nutritious  and 
digestible. 

The  starch-grains  of  the  acorn,  which  might  perhaps  be  added  in  times  of  great  scarcity 
nl^n  1-f  detected,  as  they  have  a  very  cliaracteristic  central  depression,  and  are 

aiso  quite  different  in  shape  from  the  Hat,  round,  smooth  starch-cells  of  the  wheat  and  barley. 
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Fig.  55. — Millet  Seed— «,  Transverse  section  of  Testa  coats,  seen  from  inside  ;  a,  Outer  ; 
b,  Middle  ;  c,  Inner  coat  x  170  ;  S,  Starch-grains  x  500.    Scale  l-lOOOth  inch. 


tlie  bread  a  dark  colour,  and  make  it  indigestible.  It  is  probably  a  most 
uncommon  adulteration. 

It  will  be  found  tbat,  when  mixed  with  flour,  the  microscope  will  detect 
readily  many  of  these  substances.  Detection  is  often  very  difficult  when  the 
flour  is  made  into  bread,  and  therefore,  whenever  from  the  bread  there  is  any 
cause  of  suspicion,  means  should  be  taken  to  obtain  some  of  the  flour. 

Cones  Flour. — A  flour  obtained  from  Revel  wheat  is  used  by  bakers  for 
dusting  their  troughs.  Hassall  has  found  this  Cones  flour  to  be  greatly 
adulterated  with  rice,i  maize,  beans,  rye,  and  barley.  Sometimes  Cones  flour 
is  mixed  with  good  flour. 

Cooking  of  Ilour. 

The  effect  of  heat  is  to  coagulate  the  albumen^  and  to  transform  some  of 
the  starch  into  dextrin.  Substances  are  also  added  to  the  bread  to  cause  a 
further  transformation  of  the  starch. 

Cakes. — The  unfermented  cakes  ^  are  simply  made  with  water  and  salt.  As 
they  are  very  readily  made,  are  agreeable  to  taste,  and  nutritious,  it  is  very 
desirable  to  teach  every  soldier  to  make  them  ;  so  that  in  war,  when  bread  is 
not  procurable,  he  may  not  be  confined  altogether  to  biscuit.  The  Australiai) 
"  damper  "  is  simply  made  by  digging  a  hole  in  the  ground,  filling  it  with  a 
wood  fire,  and,  when  the  fire  has  thoroughly  burnt  up,  removing  it,  placing 
the  dough  on  a  large  stone,  covering  it  with  a  tin  plate,  and  heaping  the  hot 
ashes  round  and  over  it.  In  a  campaign,  every  soldier,  if  he  could  get  flour 
and  wood,  would  soon  learn  to  bake  a  cake  for  himself.  The  only  point  of 
manipulation  which  requires  practice  is  not  to  have  the  heat  too  great ;  if  it 
be  above  212°  too  much  of  the  starch  is  changed  into  dextrin,  and  the  cake 

1  Several  samples  I  have  examined  contained  nothing  but  rice.  This  is  sometimes  sold  as 
"Kice  Cones."— (F.  de  C.) 

2  The  Chupatty  of  India. 
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is  tough.    Exposed  to  greater  heat,  and  well  dried,  the  unfermented  cakes 

'''^:^'^o^  from  a  hard  Italian  grain,  moistened  with  water,  and 
pressed  tCih  a  nnmher  of  small  openings  while  a   the  same  time  hea 
applied     As  it  is  very  nutritious  in  small  bulk,  and  keeps  well  it  would 
be  a  good  food  for  soldiers  in.  war  if  its  cost  could  be  lessened. 

Sub-Section  III— Biscuit. 

To  make  biscuit,  flour  is  often  taken  with  little,  or  no  bran  (on  account  of 
the  hygroscopic  properties  of  bran) ;  but  bran  is  also-  sometimes  used ;  no  salt 
is  added.  The  simplest  biscuits  are  merely  flour  and  water.  Some  biscuits 
are  made  with  milk,  eggs,  &c.  ^i      ^     ^    ^■  ^  ^. 

Choice  of  Biscuit. ^Biscuit  should  be  well  baked,  but  not  burnt ;  of  a  light 
yellow  colour,  and  should  float  and  partially  dissolve  in  water;  when  struck 
it  should  give  a  ringing  sound ;  and  a  piece  put  into  the  mouth  should 
thoroughly  soften  down.    It  should  be  free  from  weevils,  which  are  easily 

SCGU* 

Advantages  as  a  Diet.— As  it  contains  little  water,  and,  bulk  for  bulk,  is 
more  nutritious  than  bread,  three-fourths  of  a  pound  are  usually  taken  to 
equal  1  lb  of  bread.    Its  bulk  is  small,  and  it  is  easily  transported. 

Disadvantaaes.—Like  flour,  it  is  deficient  in  fat.  After  a  time,  it  seems 
diflicult  of  digestion.  Perhaps  the  want  of  variety  is  objectionable;  but 
certain  it  is^  that  men  do  not  thrive  well  upon  it  for  long  periods.  In  war, 
it  has  always  been  a  rule  with  the  best  English  army  surgeons,  for  more 
than  a  century,  to  issue  bread  as  much  as  possible,  and  to  use  biscuit  only  in 
cases  where  it  cannot  be  avoided. 

Sub- Section  TV. — Bread, 

If  carbon  dioxide  gas  is  any  way  formed  in  or  forced  into  the  interior  of 
dough,  so  as  to  divide  the  dough  into  a  number  of  little  cavities,  bread  is 
made. 

There  are  three  kinds  of  bread  : — 

1.  Carbon  dioxide  is  disengaged  by  a  fermentative  process,  caused  by  yeast 

or  leaven.  During  the  baking  a  certain  amount  of  performed  sugar  yields  ft 
COg ;  a  portion  of  starch  is  converted  into  dextrin  and'^ugar,  and  also  yields 
COg ;  a  little  lactic  and  butyric  acids,  and  extractive  matters  are  formed.  It 
is  of  importance  to  prevent  this  change  from  going  too  far ;  and  herein  is 
one  of  the  arts  of  the  baker ;  and  it  is  partly  to  prevent  this  that  alum  is 
added,  which  has  the  property  of  arresting  the  change. 

In  making  bread,  the  proportions  are  20  S)  of  flour  ;  8  to  12  S)  of  tepid 
water;  4  oz.  of  yeast,  to  which  a  little  potato  is  added,  and  1|  to  2  oz.  of 
salt ;  280  lb  of  flour  (1  sack)  will  give  from  90  to  105  4-ib  loaves ;  or  100  ib 
of  flour  will  make  from  129  to  150  lb  of  bread.  If  there  is  14  per  cent,  of 
water  in  the  flour,  the  bread  will  contain  in  the  former  case  33'1  per  cent, 
and  in  the  latter,  4  2  7  per  cent.  If  100  ft  of  flour  contain  14  per  cent,  of 
water,  and  make  141|  1)  of  bread,  the  bread  will  contain  40  per  cent,  of 
water ;  the  baker  always  endeavours  to  combine  as  much  water  as  he  can  so 
as  to  get  more  loaves.  6^  Tb  of  dough  yield  6  lb  of  bread.  Machines  are  now 
generally  used  for  mixing  the  dough  (Stevens'  Machine). 

2.  COg  is  disengaged  by  mixing  sodium  or  ammonium  carbonate  with  the 
dough,  and  adding  hydrochloric,  tartaric,  phosphoric,  or  citric  acids.  Baking 
powders  are  compounds  of  these  substances. 
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n  2  forced  tliioiigh  tho  dongh  by  pressure  (Daiiglish's  patent  aerated 
bread).  J  his  process  has  the  great  advantage  of  rendering  it  impossible  that 
the  conversion  of  starch  into  dextrin,  sugar,  and  lactic  acid  shall  go  too  far 
About  20  cubic  feet  of  CO,  (derived  from  chalk  and  sulphuric  acid)  are  used, 
for  280  a  of  Hour;  and  about  11  cubic  feet  are  actually  incorporated  with 
the  flour  (Odling).  ^ 


Aduantages  of  Bread  as  an  Article  of  Diet 

It  is  hardly  necessary  to  mention  these.  The  great  amount  of  nitrogenous 
matters  and  starch  it  shares  with  flour  ;  the  nitrogen  is  to  the  carbon  as  1  to 
21.  It  therefore  requires  more  nitrogen  for  a  perfect  food.  The  process  of 
baking  renders  it  more  digestible  than  flour.  JN'o  satiety  attends  its  use, 
although  it  may  be  always  made  in  the  same  way ;  this  is  probably  owing 
to  the  great  variety  of  its  components. 

Disadvantages. — It  is  poor  in  fat  and  some  salts,  especially  in  the  case  of 
the  finest  flour  freed  from  the  internal  envelope.  Therefore  we  see  that  the 
practice  of  using  fat  \ni\\  it  (butter  for  the  rich,  fat  bacon  for  the  poor  man) 
is  extremely  common.  As  to  the  relative  advantages  of  the  three  methods 
of  making  bread,  the  last  (aeration  by  COg)  is  said  to  have  the  advantage  of 
making  white  bread,  though  the  inner  envelopes  are  left ;  of  not  causing  any 
loss  of  starch,  or  permitting  the  change  to  go  too  far ;  of  not  containing  any 
unwholesome  yeast.  The  system  of  making  bread  with  yeast  has  been 
objected  to  on  the  ground  that  bad  yeast  is  often  used ;  the  fermentative 
changes  go  on  in  the  stomach,  much  COg  is  disengaged,  and  dyspepsia, 
flatulence,  and  unpleasant  sensations,  such  as  heart-burn,  are  produced.  There 
is  no  doubt  that  badly  prepared  bread  gives  rise  to  these  symptoms,  though 
that  this  is  owing  to  bad  yeast  is  at  least  uncertain.  The  second  method 
yields  a  wholesome  bread,  but  is  too  expensive  for  common  use,  and  it  has 
also  been  pointed  out  that  the  hydrochloric  acid  of  commerce  always  contains 
arsenic.  The  amount  would  be  too  small  to  be  hurtful,  but  might  be  of 
medico-legal  consequence. 


Special  points  about  Making  of  Bread. 

Bread  may  be  of  bad  colour — rather  yellowish,  from  old  flour  ;  from  grown 
flour  (in  which  case  the  changes  in  the  starch  have  generally  gone  on  to  a 
considerable  extent,  and  the  bread  contains  more  sugar  than  usual,  and  does 
not  rise  well),  and  perhaps  from  bad  yeast.  The  colour  given  by  admixture 
of  bran  must  not  be  confounded  with  yellowness  of  this  kind. 

Bread  is  also  dark  coloured  from  admixture  of  other  grains,  as  abeady 
noticed  under  flour  (rye,  buckwheat,  melampyrum,  sainfoin,  &c.).  Bread  may 
be  acid,  from  bad  flour  giving  rise  to  an  excess  of  lactic  and  perhaps  acetic 
acids,  or,  it  is  said,  from  bad  yeast.  In  flnding  the  cause  of  acidity  in  bread, 
look  first  to  the  flour,  which  may  be  old,  and  a  Httle  discoloured,  and  too  acid  ; 
if  nothing  can  be  made  out,  examine  the  yeast,  and  change  the  source  of 
supply ;  then  look  to  the  vessels  in  which  the  dough  is  kneaded,  and  to  the 
water.  Enforce  great  cleanliness  on  the  part  of  the  men  who  make  up  the 
dough.  In  India  bread  becomes  sour  from  bad  cleaning  of  the  flour.  Dr. 
Godwin,  A.M.D.,i  states  that  at  Bareilly  the  wheat  was  imperfectly  ground 
in  small  hand-mills  ;  it  was  then  separated  by  shifting  into  four  portions,  viz., 
bran ;  "  attar,"  which  corresponds  to  pollards ;     soojie,"  wdiich  consists  of 


1  Armp  Medical  Report,  vol.  vii.  p.  451. 
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1    f  ..T.  .  nnrl  "  maida  "  whicli  is  nearly  all  starch.    Tlie  soojie, 
,lutm_  and  starch    and    ^^'^  ^^^^  ^^^^^^  ^,ed  for  bread,  a  small 

irom  imperfect        }  ^^^'^^^       h  it.    To  cleanse  the  wheat  before 

portion  -f,2raid^        I^^d  in  heaps  in  the  sun;  this  caused 

grinding  it,  it  was  ^^'^^  .^.^  ^^.^t  of  acidity     The  heaps  of  corn  were 

ttTt^^^^^^^^^^^  ^^i-'  ^^^^ 

the  ferinShas  not  taken  place  (cold  weather,  bad  water,  or  some  o  ber 
wiirsometimes  hinder  it),  or  when  the  wheat  is  grown  ;  when  too  little 

dried  at  too  great  a  heat  (above  200°  Fahr.),  the  glutm  is  altered,  and  the 
bread  does  not  rise  well.    It  is  bitter  from  bitter  yeast. 

It  becomes  mouldy  rapidly  when  it  contains  an  excess  ot  water. 

Eice  Ts  used  as  an  addition  because  it  is  cheaper ;  it  retains  water  and 
therefore  the  bread  is  heavier.  Eice  bread  (if  25  per  cent  of  rice  be  added) 
is  heavier,  of  closer  texture,  and  less  filled  with  cavities.  Potatoes  are  some- 
times added,  but  are  generally  used  only  in  small  quantity  with  the  yeast 

Alum  is  added  to  stop  an  excess  of  fermentation,  when  the  altering  glutm 
or  cerealin  acts  too  much  on  the  starch,  and  it  also  whitens  the  bread ;  it  does 
not  increase  the  amount  of  water ;  it  enables  bread  to  be  made  from  Hour 
which  otherwise  could  not  be  used.  Sulphates  of  copper  and  of  zmc,  m  very 
small  amount,  are  sometimes  employed  for  the  same  purpose. 

For  acid  flour,  lime  water  is  used  instead  of  pure  water ;  hme  water  has 
this  advantage  that,  while  it  does  not  check  the  fermentation  of  yeast,  it  hinders 
the  action  of  diastase  on  starch.  It  must  be  caustic  lime  water,  and  not 
chalk  and  water,  as  sometimes  is  the  case.  .  ■ 

Loaves  are  generally  weighed  when  hot,  and  that  is  considered  to  be  their 
weight.  In  the  Austrian  army,  a  loss  of  2-9  per  cent,  in  four  days  is 
permitted. 

After  being  taken  from  the  oven  bread  begins  to  lose  weight. ^ 

The  loss  of  weight  depends  upon  size,  amount  of  crust,  temperature,  and 

movement  of  air.  i    i    •  i  l 

In  a  sheltered  place,  at  ordinary  temperature,  a  2-lb  loaf,  baked  with  crust 
all  over,  loses  about  |  per  cent,  in  cooling,  and  from  1  to  1^  in  five  hours. 

A  similar  loaf,  with  only  top  and  bottom  crust,  loses  3  per  cent,  m  cooling 
and  about  4  per  cent,  in  five  or  six  hours.  A  loaf  with  four  sides  crust  loses 
2  per.  cent,  in  cooling,  and  retains  its  weight  without  much  further  loss  for 
five  hours.  For  each  of  six  sides  that  is  not  crust  there  is  a  loss  of  weight 
of  about  1  per  cent,  in  the  first  five  hours. 

At  the  end  of  twenty-four  hours  the  proportion  is  about  one  half  more, 
and  the  total  loss  is  doubled  at  the  end  of  seventy-two  hours  (three  days) 
If  the  bread  is  baked  in  larger  loaves  (4  S),  for  instance)  the  loss  will  be 
proportionately  less,  the  ratio  of  the  evaporating  surface  to  the  bulk  of  the 
loaf  being  diminished. 

When  loaves  become  stale  they  can  be  dipped  in  water  and  rebaked,  and 
then  taste  quite  fresh  for  twenty-four  hours;  after  that  they  rapidly 
change. 

Old  biscuit  also,  soaked  in  water,  can  be  rebaked,  and  becomes  palatable. 
In  the  French  army  different  kinds  of  bread  are  used  -.2  ordinary  bread  ; 
biscuited  bread  ;  bread  half  bisciiited  ;  bread  one  quarter  biscuited  ;  hospital 


1  See  Report  on  Hygiene,  Army  Medical  Reports,  vol.  xviii.  p.  219. 

2  Code  des  Officiers  de  SanU,  1863. 
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bread.  The  "  Pain  biscuits  "  is  used  only  on  service ;  it  is  baked  more  firiniv 
than  ordinary  bread. 

Pain  de  munition  ordinaire  keeps  5  days  in  summer  and  8  in  winter. 
„    an  quart  biscuits  „  10  to  15  days. 

„    demi  „  20  to  30  „ 

„    biscuitd  „  40  to  50  „ 

The  French  munition  loaf  weighs  1-5  kilogrammes  (3'3  K»  avoir.),  and  con- 
tains two  rations  of  7 60  grammes  (each  1  -65  lb).  The  ration  of  biscuit  is  550 
grammes  (1-2  Bb). 

It  would  be  useful  to  adojDt  the  practice  of  strongly  baked  bread  in  our 
army ;  it  is  a  good  substitute  for  biscuit. 


Examination  of  Bread. 

There  is,  perhaps,  no  article  on  which  the  medical  ofiScer  is  more  often 
called  to  give  an  opinion. 

General  Characters. — There  should  be  a  due  proportion,  not  less  than  30 
per  cent.,  of  crust ;  the  external  surface  should  be  well  baked,  not  burnt ;  the 
crumb  should  be  permeated  with  small  regular  cavities ;  no  parts  should  be 
heavy,  and  without  these  little  cells ;  the  partitions  between  the  cavities 
should  not  be  tough ;  the  colour  should  be  white  or  brownish  from  admixture 
of  bran ;  the  taste  not  acid,  even  when  held  in  the  mouth.  If  the  bread  is 
acid  the  flour  is  bad,  or  leaven  has  been  used ;  if  the  colour  changes  soon, 
and  fungi  form,  the  bread  is  too  moist ;  if  sodden  and  heavy,  the  flour  is 
bad,  or  the  baking  is  in  fault;  the  heat  may  have  been  too  great,  or  the  sponge 
badly  set. 

Chemical  Examination. — This  is  conducted  chiefly  to  ascertain  the  amount 
of  water  and  acidity^  and  the  presence  of  alum  or  sulphate  of  copper. 

Water. — Take  a  weighed  quantity  (say  10  grammes)  of  crumb,  and  dry 
in  a  water  bath  ;  powder,  and  then  dry  again  in  a  hot-air  bath  or  oven,  and 
weigh ;  the  water  should  not  be  more  than  45  per  cent.;  if  more,  the  bread  is 
pro  tanto  less  nutritious^  and  is  liable  to  become  sooner  mouldy. 

Acidity. — This  can  be  determined  by  a  standard  alkaline  solution.^ 

In  two  samples  of  fresh  good  bread  examined  at  Netley,  the  percentages 
of  acidity  (reckoned  as  glacial  acetic)  were  respectively  0"054  and  0*055 
(3"78  and  3*85  grains  per  lb) ;  in  a  sample  rather  underbaked,  but  fairly 
good,  0'072  per  cent.  (5*04  grains  per  lb);  and  in  three  samples,  con- 
demned as  inferior,  0  085,  0'088,  and  0"104  per  cent,  respectively  (5-95,  616, 
and  7  "28  grains  per  Ib).^  On  another  occasion,  two  samples  of  fairly  good 
bread  yielded  0"102  and  0*12  per  cent.  (7 "14  and  8*4  per  %  respectively);  and 
two  others,  from  bakers  in  the  neighbourhood,  0'084  and  0*090  (5*88  and  6*30 
per  S)  respectively).  A  sample  condemned  as  sour  yielded  0*18  (12*6  per  Bb) : 
8  grains  per  tt)  (0*114  per  cent.)  ought  certainly  to  be  the  limit. 

Alum. — The  determination  of  the  presence  of  alum  is  not  difficult,  but  the 
quantitative  analysis  is  necessary,  since  it  has  been  shown  by  Wanklyn  that 
unalumed  bread  may  contain  an  appreciable  amount.  Many  processes  have 
been  proposed,^  some  of  which  are  merely  modifications  of  each  other.  The 
process  described  in  the  foot-note  seems  the  most  simple.* 

1  See  Appendix  A. 

2  Report  on  Hygiene,  Army  Medical  Reports,  vol.  xviii.  p.  222. 

3  By  Kuhlmanii,  Letheby,  Odling,  Wentworth  Scott,  Crookes,  Hassall,  Hadow,  Horsley, 
Dupr6,  Wanklyn. 

*  Isi  part.—  Take  at  least  ^  lb  of  crumb,  put  it  in  a  mortar,  and  soak  it  well  in  cold  distilled 
water  ;  filter,  and  get  as  clear  a  fluid  as  possible  ;  add  a  lew  drops  of  hydrochloric  acid,  and 
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Wanklyn  considers  that  unalumed  bread  may  contain  5  or  6  milligrammes 
of  phosXte  of  aluminium  in  every  100  grammes  o  bread  (  =  0-005  per 
Lnt )  Th  s  is  equal  to  about  1^  grains  of  crystallised  a  urn  per  To  of 
bread*  It  will  be  well  to  deduct  this  amount  from  the  total  amount  of 
losnhate  of  aluminium  found;  the  remainder  will  represent  the  amount 
«otb^^^^  to  alum  added.  Carter  BelU  deducts  10  grams  per  4  S)  loaf, 
nv  94  arains  ner  lb,  before  reckoning  adulteration.  _ 

S  Letheby  also  used  a  decoction  of  logwood  as  a  test ;  a  piece  of  pure 
bread  and  a  piece  of  suspected  bread  are  put  into  a  glass  containing  fresh  y 
p™^  and  left  for  twenty-four  hours  ;  the  pure  bread  is  simply 

Sed, Ve  alumed  bread  is  dark  purplish,  as  the  alum  acts  like  a  mordant 
Mr  Hadow  and  Mr.  Horsley^  have  also  used  this  test  with  advantage,  but 
Mr  Crooks,  after  many  experiments,  came  to  the  conclusion  that  it  was  vaiue- 
less3  Winter-Blyth  proposes  the  use  of  slips  of  gelatine  soaked  in  the 
aqueous  solution  of  the  suspected  bread.  If  the  bread  is  pure  the  gelatine 
is  stained  only  a  reddish-brown  by  logwood,  and  can  be  decolorised  by 
glycerine  ;  alumed  bread  gives  a  more  or  less  deep  blue  colour,  which  is  per- 
manent in  glycerine.  ,  .    mi  j.   £  i 

Alum  is  not  much  used  except  with  inferior  bread.^   The  amount  of  alum 

then  chloride  of  barium.  If  there  is  no  precipitate  no  ahim  can  have  been  added,  and  the 
process  need  not  be  proceeded  with.  If  there  is  a  slight  precipitate,  it  may  be  accounted  tor 
bY  sSphate  of  lime  or  magnesia  in  the  water  used  in  baking,  or  ot  sulphate  of  magnesia  m  the 
salt  ofby  the  slight  amount  of  sulphuric  acid  naturally  existing  m  the  gram,  or  added  durmg 
the  grfncling  Perhaps  the  medical  officer  will  know  whether  the  water  or  the  salt  contains 
sulphates,  and  if  so,  the  absence  of  alum  may  be  inferred.  If  th(;re  be  a  large  precipitate,  the 
presence  of  alum  is  probable,  but  is  not  certain,  and  the  process  must  be  continued. 

2d  »ar<.-Dupre's  process,  as  modified  by  Wanklyn,  seems  on  the  whole  the  simplest  and 
least  liable  to  error,  as  it  gets  rid  of  one  great  source  of  fallacy,  namely,  the  presence  of  alumina 
in  the  liquor  potassEE,  which  reagent  is  not  required.  The  process  is  a,s  follows  :— Take  100 
grammes  (=3i  ounces)  of  bread  ;  incinerate  for  four-  or  five  hours  m  a  platmum  dish  to  a  gi'ey 
^h  :  weigh  (the  ash  should  not  sensibly  exceed  2  grammes) ;  moisten  with  3  C.  C.  ol  pure  hy  dro- 
chloric acid  to  separate  silica  ;  add  20  to  30  C.C.  of  distilled  water,  boil,  filter,  wash  the  filter 
well  with  boiling  water  ;  add  to  the  filtrate,  which  contains  the  phosphates  of  calcium, 
magnesium,  aluminium,  and  iron,  5  C.C.  of  liquor  ammonia;  (sp.  gr.  880),  which  causes  a  pre- 
cipitate of  these  phosphates  ;  then  add  gradually  20  C.C.  of  strong  acetic  acid,  which  partially 
dears  the  fluid  by  dissolving  the  phosphates  of  calcium  aud  magnesium  ;  boil  ajid  filter.  Ihe 
undissolved  part  is  a  mixture  of  phosphate  of  aluminium  aud  phosphate  of  iron  ;  wash,  pre- 
cipitate well  with  boiling  water,  dry,  ignite,  and  weigh. 

The  iron  must  now  be  determined  in  this  precipitate.  This  may  be  done  by  the  perman- 
ganate, but  Wanklyn's  colorimetric  test  is  probably  better  :  it  is  as  follows  :— Dissolve  1 
gramme  of  pure  iron  wire  in  nitro-hydrochloric  acid,  precipitate  the  ferric  oxide  with  ammonia  ; 
wash  the  precipitate,  dissolve  it  in  a  little  hydrochloric  acid,  and  dilute  to  1  litre  :  one  C.C. 
therefore  equals  1  milligramme  of  metallic  iron  ;  when  used  it  is  diluted  1  in  100  so  as  to  make 
a  solution,  of  whicb  each  C.C.  contains  ikth  milligramme  (=0-01  of  a  miUigrainme)  of  metallic 
iron.  To  use  this,  dissolve  the  phosphates  of  aluminium  and  iron  (obtaiaed  by  the  above 
described  process)  in  pure  hydrochloric  acid,  and  dilute  to  100  C.C.  Test  the  solution  to  see 
if  it  give  a  deep  colour  with  ferrocyanide  of  potassium  ;  if  the  colour  is  not  too  deep  take  50 
O.C.  of  the  solution,  but  if  it  be  deep  take  a  smaller  quantity,  and  make  it  up  to  50  C.C.  with 
distilled  water,  taking  care  that  it  is  well  acidulated.  Put  it  into  a  cylindrical  glass,  and  add  1 
or  2  C.C.  ofsolutionof  ferrocyanide  of  potassium  :  a  blue  colour  is  given.  Into  another  glass  1 
C.C.  of  strong  hydrochloric  acid  is  put,  and  50  C.C.  of  distilled  water  ;  1  or  2  C.C.  of  ferro- 
cyanide are  added  ;  the  standard  solution  of  iron  is  then  dropped  in  till  an  equal  colour  is  pro- 
duced. The  amount  of  iron  is  then  read  off  and  calculated  as  i^hospbate  (1  of  iron  =  2-696 
FeP04).  Deduct  the  weight  from  the  total  weight  of  phosphate  of  aluminium  and  iron  ;  the 
remainder  is  phosphate  of  aluminium  (=A1P04),  of  which  1  part  equals  0-42  alumina,  or  2-1 
dry  or  3-9  crystallised  potassium  alum ;  or  1-9  dry  or  37  of  crystallised  ammonium  alum,  which 
last  is  almost  the  only  kind  now  in  the  market. 

Winter-Blyth  {Analyst,  vol.  vii.  1882  p.  19)  proposes  to  dissolve  out  the  added  alumina  by 
long  digesting  in  a  large  bulk  of  5  per  cent,  hydi'ochloric  acid.  Should  this  succeed  it  will 
simplify  the  operation. 

1  Analyst,  No.  40,  1879,  p.  126.  *  Chemical  News,  May  1872. 

3  Chemical  News,  Sept.  1862. 

*  Report  on  Journeymen  Bakers,  1862,  p.  164  ;  see  also  Odling's  Papers.  Hassall,  however, 
found  alum  in  half  the  loaves  examined.  A  writer  in  the  Lancet  (Jan.  1872)  states  that  at  tliat 
date  alum  was  found  in  10  out  of  20  loaves,  and  the  amoiuit  was  from  12  to  96  gi-ains  in  the  4  lb 
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in  bread  is  said  to  be^  on  an  average,  3  ounces  to  a  sack  or  280  tt)  of  flour ; 
if  the  sack  gives  105  4-lb  loaves,  there  will  be  3  grains  in  a  t>  of  bread;  but 
if  crystallised  uluni  is  meant  by  this,  there  will  only  be  about  1^  grains  of  dry 
alum,  Hassall  states  the  quantity  to  be  |  tb  (8  ounces)  to  240  lb  of  flour, 
but  that  the  quantity  diflers  for  old  and  new  flour.  A  very  good  witness,^ 
in  the  inquiry  into  the  grievances  of  the  journeymen  bakers,  gave  the 
quantity  at  10  ounces  per  sack  ;  this  would  give  41-6  grains  per  4-lb  loaf,  or 
10 '4  grains  per  lb.  When  mixed  with  flour  and  baked,  the  alum  is  de- 
composed, part  of  the  alumina  combines  most  strongly  with  phosphoric  acid ; 
and  either  this  or  the  alum  itself  is  presumed  to  be  in  combination  with  the 
gluten ;  potassium  disulphate  is  probably  formed. 

Cupric  Sulphate. — Cut  a  smooth  slice  of  bread,  and  draw  over  it  a  glass  rod 
dipped  in  potassium  ferrocyanide.  If  copper  be  present,  a  brick-red  colour 
is  given  by  the  formation  of  ferrocyanide  of  copper.  The  test  is  very 
delicate.  It  is  believed  to  be  a  very  rare  adulteration  in  England,  It  has 
been  said  that  cobalt  is  used  instead  of  copper,  but  it  is  also  probably  very 
rare  ;  it  can  be  detected  by  the  blueness  of  the  ash.^ 

Potatoes. — If  potatoes  in  any  quantity  have  been  added,  the  ash  of  the 
bread,  instead  of  being  neutral,  is  alkaline ;  this  can  only  occur  from  sodium 
carbonate  having  been  added,  or  from  the  presence  of  some  salts  of  organic 
acids,  citrates,  lactates,  tartrates,  which  form  carbonates  on  incineration.  But 
if  it  be  from  sodium  carbonate,  the  solution  of  bread  will  be  alkaline,  so  that 
it  can  be  known  if  the  alkalinity  is  produced  during  incineration.  If  so,  it 
is  almost  certain  to  be  from  potato. 

Examination  of  Yeast. — Common  brewers'  yeast  is  not  likely  to  be 
adulterated.  If  any  solid  mineral  substances  are  mixed  with  German  yeast, 
they  are  detected  either  by  washing  or  by  incineration.  Dr.  Leiheby  found 
German  yeast,  imported  in  1863,  to  be  adulterated  with  30  per  cent,  of  pipe- 
clay. 

Microscopical  Examination  of  Bread. 

This  is  of  very  little  use  as  far  as  adulteration  is  concerned,  but  the 
presence  of  fungi  can  be  detected. 

The  most  common  fungus  is  a  kind  of  Penicilliwn  [sitopldlum  and  roseum), 
which  gives  a  greenish,  brownish,  or  reddish-yellow  colour ;  sporules,  spo- 
ranoia,  and  mycelium  can  all  be  seen.  The  Oidium  aurantia.cum  has  been 
several  times  detected  in  France  and  Algeria ;  it  is  distinguished  by  its  orange- 
red  colour.  A  greenish  mucor  is  often  found  in  bread.  Puccinia,  so  common 
in  flour,  has  not  been  detected. 

Diseases  connected  with  the  Quality  of  Flour  and  Bread. 

1.  The  Flour  originally  bad.— It  maj  be  ergo  ted,  or  grown  and  fermentmg, 
or  with  fungi  forming.  An  anomalous  disease  approaching  to  ergotism  should 
lead  at  once  to  an  examination  of  the  flour.  The  fermenting  flour  produces 
dyspepsia  and  diarrhrea ;  the  heat  and  moisture  of  the  stomach,  no  doubt, 
excite  at  once  very  rapid  fermentation ;  the  glutin,  already  metamorphosing, 
acts  very  energetically  on  the  starch,  and  COg  is  rapidly  developed ;  hence 
uncomfortable  feelings,  flatulence,  imperfect  digestion,  and  diarrhoja.  It  is 
to  remedy  this  condition  of  flour  that  alum  is  added,  and  some  of  the  efi"ects 
ascribed  to  alum  may  be  really  owing  to  the  flour. 

1  Report  on  Journeymen  Bakers,  1862,  p.  163.    Some  of  the  statements  are  beyoml  even 
this  anioimt— 1  m  to  4  lb  per  1000  (4-lb  ?)  loaves  (p.  xxxvi.) ;  but  this  is  probably  an-exaggeration. 
Dr.  Campbell  Browu. 
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The  most  important  disease  connected  with  flour  is,  however,  ergotism ;  this 
is  less  common  in  wheat  than  in  rye  flour,  but  yet  is  occasionally  seen 
LnSimerTi-oted  meal  produces  at  once  violent  stomach  and  intestinal 
symp  rs  at  other  times  primary  digestion  is  weU  performed,  and  the  early 
symptoms  are  great  general  depression  and  f everishness,  ushering  m  the  local 

'^?^^/aur°or^'SS^  hut  altering  eUher  from  age  or  from  not  liaving 
been  well  The  bread  is  often  acid,  and  sometimes  highly  so  ;  this  may 

produce  diarrhoea,  though  such  bread  has  sometimes  been  used  for  a  long  time 
without  this  effect;  usually  persons  will  not  eat  much  ot  it,  and  thus  the 
supply  of  nutriment  is  lessened.  If  the  bread  be  too  moist,  Jungi^  form, 
Jioidmm  aurantiacum,  in  particular,  has  been  known  in  Algiers  to  give  rise 
to  little  endemics  of  diarrhoea  (Boudin  and  Foster).i  Mucor  mucedo  either 
does  not  produce  this,  or  rarely.  It  should  be  remembered,  however,  that 
mouldy  oats  (the  fungus  being  Aspergillus)  have  given  rise  to  paralytic 
symptoms  in  horses,  so  that  these  fmgi  are  to  be  looked  on  with  suspicion  ; 
and  a  case  of  the  kind  has  been  reported  by  H.  Hofi'man  m  Giessen.^ 
Professor  Yarnell  also  states ^  that  six  horses  died  in  three  days  from  eating 
mouldy  oats ;  there  was  a  large  amount  of  matted  mycehum,  and  this,  when 
given  to  other  horses  for  experiment,  killed  them  in  thirty-six  hours  ;  there 
was  a  "peculiar  growth"  on  the  mucous  membrane  of  the  small  intestine.  It 
is  not  known  that  Acarus,  so  common  in  flour,  has  any  bad  effects  when 

3,  Substances  added.— Alum,  of  course,  is  the  chief  substance ;  there  has 
been  much  difference  of  opinion  as  to  its  effects.  It  has  been  asserted  to 
produce  dyspepsia ;  to  lessen  the  nutritive  value  of  bread  by  rendering  the 
phosphoric  acid  insoluble,  and  to  be  also  a  falsification,  inasmuch  as  it  permits 
an  inferior  flour  to  be  sold  for  a  good  one.  The  last  allegation  is  no  doubt 
correct ;  the  second  probably  so,  as  there  is  little  doubt  of  the  formation,  and 
none  of  the  insolubility,  of  phosphate  of  alumina.  The  first  point  is  more 
doubtful,  though  several  physicians  of  great  authority  (Carpenter,  Dundas, 
Thomson,  Gibbon,  Normandy)  have  considered  its  action  very  deleterious,  and 
that  it  causes  dyspepsia  and  constipation.  Pereira  considered  that  whatevcL- 
may  have  been  the  effect  in  the  case  of  healthy  persons,  sick  persons  did  really 
suffer  in  that  way.  A  question  like  this  is  obviously  difficult  of  that  strict 
proof  we  now  demand  in  medicine.  Seeing,  indeed,  that  the  usual  effect  of 
bad  flour  is  flatulence  and  diarrhoea,  if  constipation  were  decidedly  produced 
by  bread,  it  would  be  more  likely  to  proceed  from  alum  than  from  any 
other  ingredient  of  the  bread.  Looking  again  to  the  fact  that  sometimes 
bread  has  contained  large  quantities  of  alum, — sometimes  as  much  as  40 
grains  in  a  4-Ib  loaf,  and  probably  more, — we  get  an  amount  in  an  ordinary 
meal  which  (if  the  aluminium  phosphate  is  an  astringent)  might  very  well 
cause  constipation.  Looking,  then,  to  the  positive  evidence,  and  the  reason 
ableness  of  that  evidence,  it  seems  extremely  likely  that  strongly  alumed 
bread  does  produce  the  injurious  effects  ascribed  to  it. 

The  addition  of  alum  is  forbidden  by  law. 

Sulphuric  acid  is  said  to  be  added^  before  grinding  instead  of  alum :  it  has 
the  same  power  of  preventing  decay. 


1  Archives  Gen.  de  MSd.,  1848,  p.  244. 

2  Sanderson's  Report  in  Syd.  Soc,  Year-Bonh  for  1862,  p.  462. 

'  Vircliow's  Archiv,  Band  xliii.  p.  173.       *  Journal  of  the  Society  of  Arts,  April  1865. 
Dr.  Angus  Smith,  Annual  Re2)ort  of  the  Manchester  and  Salford  Sanitary  Association  for 
1863.  -Report  of  Sub-Committee. 
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Sulphate  of  Co2jper.~The  amount  is  so  small  that  it  seldom  produces 
any  symptoms;  still  it  is  possible  that  some  anomalous  cases  of  stomach 
irritation  might  ho  owing  to  this. 

Lead.—Di:  Alfordi  medical  officer  for  Taunton,  reports  a  case  of  poisoning 
from  lead  getting  into  flour.  Six  or  seven  families,  including  fifteen  to  twenty 
persons,  suffered,  some  very  severely.  The  water  was  analysed,  but  no  lead 
found,  and  then  it  was  noted  that  the  persons  attacked  all  got  their  flour  from 
the  same  mill.  On  making  inquiries,  it  was  found  that  the  millstones  used 
had  (from  the  nature  of  the  stone),  large  spaces  in  them,  which  had  been  filled 
up  with  lead  !  It  was  mentioned  at  the  meeting  of  the  sanitary  authority, 
by  one  of  the  members,  that  lead  was  not  usually  employed  in  that  way,' 
that  what  was  generally  used  was  red-lead  and  borax,  or  alum  and  borax| 
both  highly  objectionable.  If  su£h  be  the  case,  this  is  another  possible 
source  of  alum,  which  ought  to  be  recollected. 

Lolium  temulentum  gives  rise  to  narcotic  symptoms. 

■Flour  from  other  Grains. — It  is  not  known  whether  the  addition  of 
potatoes,  rice,  barley,  peas,  &c.,  in  any  way  injures  health,  except  as  it  may 
affect  nutrition  or  digestion.  Occasionally,  in  times  of  famine,  other  sub- 
stances are  mixed— chestnuts,  acorns,  &c.  In  1835,  during  famine,  fatal 
dysentery  appeared  in  Konigsberg,  owing  to  the  peoijle  mixing  their  flour 
with  the  pollen  of  the  male  catkin  of  the  hazel  bush..  In  India  tbe  use  of  a 
vetch,  Lathyrus  sativus  (kassaree-dhoU),  with  barley  or  wheat,  gives  rise  to  a 
special  paralysis  of  the  legs,  when  it  exceeds  one-twelfth  part  of  the  flour ; 
L.  cicera  has  the  same  effect.  2  During  the  siege  of  Paris,  straw,  to  the 
extent  of  one-eighth,  was  introduced  into  the  bread  :  this  had  a  very  irritating 
effect. 


SECTION  III. 
BARLEY. 

As  an  article  of  diet,  barley  has  the  same  advantages  and  disadvantages  as 
wheat.  It  is  said  to  be  rather  laxative  (Pereira),  and  it  was  noticed  by  the 
late  Dr.  Parkes,  that  either  from  this  cause,  or  from  the  imperfect  separation 
of  the  sharp  husks,  barley  bread  was  particularly  unsuited  for  dysenteric 
cases.  It  contains  rather  more  protein  bodies  than  wheat,  and  these  consist 
of  glutin-casein,  glutin-fibrin,  mucedin,  and  albumin.  ^  It  is  certainly  very 
nutritious,  and  the  Greeks  trained  their  athletes  on  it.  Its  richness  in 
phosphoric  acid  and  iron  render  it  particularly  adapted  for  this. 

Choice  of  Barley  (Scotch  or  pot  barley,  viz.,  the  grain  without  the  husks). — 
For  the  barley  grains  the  same  points  are  to  be  attended  to  as  in  wheat. 

For  the  pearl  barley  (which  is  merely  the  grain  rounded  off),  the  best 
tests  are  the  physical  characters,  colour,  freedom  from  dust,  grit,  and  insects, 
and  the  test  of  cooking. 

The  patent  prepared  or  powdered  barley  should  be  examined  with  the 
microscope ;  any  kind  of  cheaper  grain  may  be  mixed  with  it. 

Diseases  arising  from  Altered  Quality. — These  are  the  same  as  those  of 
wheat,  viz.,  indigestion,  flatulence,  and  diarrhoea.  There  appears  to  be 
nothing  peculiar  in  the  action  of  diseased  barley  as  distinguished  from 
diseased  wheat. 


1  Sanitary  Record,  May  25,  1877. 

2  Dr.  Irvine  (Indian  Annals,  Jan.  1868)  described  the  symptoms  prodnced  by  the  kas- 
.saree-dhoU  or  Lathyrus.  The  first  symptoms  are  gastro-iutestinal  irritation,  and  the  para- 
plegia follows  on  this. 

"  llitthausen,  oj).  cit.,  p.  103. 
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SECTION  IV. 
OATS. 


Oats  have  been  considered  even  more  nutritious  than  wheat  or  bfley  and, 
certainly  not  only  is  the  amount  of  nitrogenous  substance  great,  but  the 
proportion  of  fat  is  large.  Unfortunately,  the  nitrogenous  substance  has  no 
adhes  ve  property,  ancf  bread  cannot  be  made;  the  amount  of  indigestible 
cellulose  is  large.  But,  on  the  other  hand,  oatmeal  has  the  great  advantage 
of  beino-  very  readily  cooked,  much  more  so  than  wheat  or  barley,  ihe 
researches  of  Kreusleri  show  that  the  nitrogenous  substances  of  oats  contain 
gliadin,  and  especially  glutin-casein.  This  last  substance  is  that  called 
"avenin"  by  Norton  and  Johnstone;  it  approaches  very  closely  to _  the 
leaumin  of  peas  and  beans,  and  is  so  called  by  Eitthausen.  In  nutritive 
properties  it  causes  oatmeal  to  stand  nearer  to  the  Legummosce  than  the 
cereals  do.    It  contains  double  as  much  sulphur  as  the  legumm  of  peas^ 

For  this  reason,  and  because  it  contains  much  nutriment  m  small  bulk, 
because  it  can  be  eaten  for  long  periods  with  relish,  and  keeps  unchanged  for  a 
long  time,  it  would  seem  to  be  an  excellent  food  for  soldiers  during  war— an 
opinion  which  does  not  lose  in  force,  when  we  remember  that  it  formed  the 
staple  food  of  one  of  the  most  martial  races  on  record,  the  Scotch  Highlanders, 
whom  Jackson  considered  also  one  of  the  most  enduring.  Formerly,  when 
oats  were  badly  cleaned,  intestinal  concretions  of  the  husk  and  hairs  were 
common  among  those  who  lived  on  oatmeal,  but  these  are  now  uncommon. 
It  has  been  thought  to  be  "  heating  "  when  taken  continually,  but  this  is  pro- 
bably a  prejudice.  The  supporting  qualities  of  oatmeal  used  as  a  drink, 
made  into  a  thin  gruel,  are  testified  to  in  hard  work  by  the  chief  and 
divisional  engineers  of  the  Great  Western  Eailway.^ 

AduUerations.~B2ix\.Qj-mQdl  and  the  husks  of  barley,  of  wheat,  and  of  oat 
itself,  are  added  very  frequently.  A  single  look  through  the  microscope 
detects  the  roand  and  smooth  barley  starch ;  the  envelopes  are  recognised 
with  very  little  more  trouble.  Kice  and  maize  are  also  sometimes  used. 
The  drawings  already  given  will  also  enable  these  substances  to  be  detected. 
Hassall  found  about  half  the  samples  of  oatmeal  adulterated. 

Choice  of  Oatmeal. — There  should  be  a  good  proportion  of  envelope,  but 
no  branny  character,  which  usually  arises  from  barley  husks ;  the  starch 
should  not  be  discoloured.  A  microscopic  examination  should  always  be 
made,  both  for  adulterations  and  Acari. 


SECTION  V. 

MAIZE  AND  RYE. 

.Both  these  grains  are  very  nutritious;  maize  contains  a  large  quantity  of 
yellowish  fat  (6  or  7  per  cent.).  The  glutin  cannot  be  washed  out  as  in 
wheat,  though  this  was  stated  by  Gorham,  who  found  a  special  substance 
which  he  termed  "Ze'in."  This  is  called  "  maize-fibrin  "  by  Eitthausen.  It 
requires  very  careful  cooking,  as  otherwise  much  passes  out  undigested. 
Dr.  Johnstone  noticed  an  outbreak  of  diarrhoea  in  a  military  prison  clearly  due 

^  Eitthausen,  op.  cit.,  p.  125. 

2  071  the  Issue  of  a  Spirit  Ration  during  the  Ashantee  Campaign  of  1874.  Ap-oendix  ii.  bv 
E.  A.  Parkes,  M.D.,  F.R.S.,  &c.,  1874.  '  ' 
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to  badly  cooked  maize.  It  should  be  soaked  in  water,  but  not  too  long  (two 
to  tour  hours),  and  then  thoroughly  boiled  for  several  hours  (four  to  six)  at 
a  rather  low  heat.    Maize  cakes  are  both  palatable  and  nutritious. 

Rye  makes  a  very  acid  dark  bread,  which  causes  diarrhrea  in  those  unaccus- 
tomed to  it ;  custom,  however,  soon  remedies  this,  and,  as  far  as  nutritive 
value  goes,  it  appears  equal  to  wheat.  It  contains  less  vegetable  fibrin,  and 
more  casein  and  albumin,  and  a  peculiar  odorous  substance. 

Diseases  connected  with  Maize  and  Rye. 

It  is  presumed  that  alterations  in  the  flour  will  produce  the  same  diseases 
as  in  the  analogous  case  of  wheat.  Ergotism  is,  however,  more  common  in 
rye  than  any  other  grain.  The  Pellagra  of  Lombardy  has  been  ascribed  to  a 
fungus  (Verderame,  or  Verdet)  forming  in  the  maize.  Many  volumes,  with 
different  statements,  have  been  written  on  this  point,  and  it  is  still  doubtful 
whether  or  not  the  Verdet  has  this  effect.  The  evidence  is  not  sufficient,  but, 
on  the^  whole,  seems  most  in  favour  of  the  view  which  connects  Pellagra 
with  diseased  maize. 


SECTION  VI. 
EICE. 

The  whole  grain  (paddy)  deprived  of  the  husk  is  sold  as  rice.  There  are 
many  varieties,  of  different  colours  (white,  red,  brown?)  and  composition. 
The  amount  of  nitrogenous  matter  varies  greatly,  from  3  to  7*5  per  cent. 
As  an  article  of  diet,  it  has  the  advantage  of  an  extremely  digestible  starch- 
grain,  and,  like  the  other  Cerealia,  there  is  a  great  admixture  of  substances ; 
it  is,  however,  poorer  in  nitrogenous  substances  than  wheat,  and  is  much 
poorer  in  fat.  Consequently,  among  rice-feeding  nations,  leguminous  seeds 
are  taken  to  supply  the  first,  and  animal  or  vegetable  fats  to  remedy  the 
latter  defect.    Rice  is  also  poor  in  salts. 

Cooking  of  Rice. — It  should  properly  be  steamed,  not  boiled,  and  the 
steaming  should  be  thoroughly  done,  else  the  starch-grains  are  not  swollen 
and  digestible.  If  boiled,  it  should  not  be  for  too  long  a  time,  otherwise 
the  rice  (or  conjee)  water  contains  some  albuminous  matter,  and  the  grain 
loses  in  nutritive  power. 

Choice  of  Rice. — The  grains  should  be  clean,  without  grit ;  the  individual 
grains  without  spots  or  evidence  of  insects.  The  size  varies  much,  according 
to  the  kind ;  the  large  kinds  usually  command  the  highest  market  price. ^ 


Comparison  of  the  foregoing  Grains — Order  of  Richness. 


Nitrogenous 
Substances. 

Fat. 

Starch,  <fec. 

Salts. 

Wheat. 

\  Maize, 

Rice. 

Barley. 

Barley. 

\  Oats. 

Maize. 

Oats. 

Rye. 

Barley. 

Wheat. 

Wheat. 

Oats. 

Rye. 

Rye. 

Rye. 

Maize. 

meat. 

Oats. 

Mais^e. 

Rice, 

Rice. 

Barley. 

Rice. 

1  The  larger  grains— e.specially  the  American  kinds— have  often  niucli  less  flavour  than  the 
smaller  and  less  attractive  Indian  kinds. 
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SECTION  Y^l. 
MILLET,  RAGGY,  BUCKWHEAT. 

•  Yarious  other  grains  belonging  to  the  Cerealm,  or  to  other  natural  orders 
but  hTint  similar  properties,  are  used  as  food  m  different  countries.  Of 
thesr^^e^boye-named  are  chiefly  those  the  medical  officer  may  have  to 

''MilleTis  used  largely  in  Africa_(west  coast)  and  Algeria,  in  Italy,  Spain, 
Portugal,  some  parts  of  India,  China,  &c. 


English  Names. 


Common  millet. 


Small  miUet, 


Botanical  Names. 


Panicum  miliaceim, 


Indian  Names. 

[  Sawee  Chennawaree 
<  (Hindustani). 


(  Yaragoo  (Tamul) 
„    .       (  Dhurra  (Arabic) 
Sorghuw,    or  J  Cholam  (Tamul) 

viilgare,  '  - 

Pendllaria  spicata, 


Spiked  miUet, 

Golden-coloured  millet,  Sorghum  saccharatum. 

Itahan  millet,  Setaria  Italica. 

German  millet,  Setaria  Germanica. 

Eleusine  corocana, 


I  Joar  or  Jowree  (Hind.). 
J  BAjra  or  Bajree  (Hind.). 
\  Cumboo  (Tamul). 

j  Kala  kangni  (Hind.). 
(  Tenay  (Tamul). 

'Raggee  or  Eaggy  (Hind., 
Canarese,  and  Tamul). 
Murha  and  Maud  in  the 
N.  Prov.  of  Hindustan.  1 

The  millets  are  very  similar  in  composition  (as  given  in  the  table,  p.  200). 
The  ash  is  rich  in  silica  and  phosphates. 

Millet  bread  is  very  good,  and  some  was  issued  to  the  troops  in  the  last 
China  Expedition.  This  should  always  be  done  in  a  millet  country,  if  wheat 
0r  barley  cannot  be  got.  In  Northern  China  millet  is  almost  exclusively 
used. 

Eaggy  or  Eagee,  Murha  and  Maud  of  the  upper  provinces  {Eleusine 
cwocana),  is  largely  used  in  Southern  India  (Mysore),  and  in  some  parts  of 
Northern  Hindustan,  and  is  considered  even  more  nutritive  than  wheat. 
It  is  very  indestructible,  and  can  be  preserved  for  many  years  (even  sixty)  in 
dry  grain  pits. 

Buckwheat  is  not  so  likely  to  be  used.  It  is  poor  in  nitrogenous  substances 
and  fat,  but  makes  a  fair  tasting  bread. 


SECTION  YIIL 
LEGUMINOS^^E. 

The  Lejjuminosce,  in  respect  of  dietetic  properties,  are  broadly  distinguished 
from  other  vegetables  by  their  very  large  amount  of  nitrogenous  substance, 
called  legumin  or  vegetable  casein ;  there  are,  in  addition,  a  little  albumin  and 


_  ^  The  native  names  of  the  Indian  grains  and  pulses  used,  especially  in  Southern  India,  are 
given  very  fully  in  a  paper  by  Mr.  Elliot  (EcUrihirc/h  Philosophical  Journal,  July  1862) ;  and 
also  in  Mr.  Cornish's  excellent  paper  [Madras  Medical  Jo%mial,  February  1864). 
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other  protein  bodies.  The  advantages  of  peas  and  beans  as  articles  of  diet  are 
the  great  amount  of  leguniin,  and  the  existence  of  much  sulphur  and  phos- 
phorus in  combination  with  the  legumin ;  in  salts  also  they  are  a  little  richer 
than  the  Geroalia,  especially  in  potash  and  lime,  but  are  rather  poorer  in 
phosphoric  acid  and  magnesia;  llbof  peas  contains  about  168  grains  of  salts. 
The  disadvantage  of  peas  and  beans  is  a  certain  amount  of  indigestibility; 
about  6  "5  per  cent,  of  the  ingested  pea  passes  out  unchanged,  and  starch-cells, 
giving  a  blue  reaction  with  iodine,  are  found  in  the  fa3ces ;  much  flatus  is  also 
produced  by  the  hydrogen  sulphide  formed  from  the  legumin.  Still,  they 
are  a  most  valuable  article  of  food,  and  always  ought  to  be  used  when  much 
exercise  is  taken,  as  they  are  an  excellent  addition  to  meat  and  Cerealia. 
Both  men  and  beasts  can  be  nourished  on  them  alone  for  some  time.  Added 
to  rice,  they  form  the  staple  food  of  lai-ge  populations  in  India.  Mr.  Cornish 
mentions  that,  in  the  Sepoy  Corps,  the  men  are  much  subject  to  diarrhoea 
from  the  too  great  use  of  the  "dholl"  {Cajanus  indicus).  Gram  {Cicer 
arietinum),  although  chiefly  used  for  horses  and  cattle,  is  sometimes  employed 
as  food  for  men  in  India  :  it  makes  palatable  and  nutritious  cakes. 

Choice  of  Pea. — By  keeping,  peas  lose  their  colour,  become  very  pale  and 
much  shrivelled,  and  extremely  hard.  Anything  like  decomposition,  or 
existence  of  insects,  is  at  once  detected.  The  powder  does  not  keep  very 
long ;  the  whole  peas  should  be  split.  The  microscope  should  be  used  to 
detect  Acarus. 

Cooking  of  Peas  and  Beans. — They  must  be  boiled  slowly,  and  for  a  long 
time,  otherwise  they  are  very  indigestible.  If  old,  no  amount  of  boiling  softens 
them  ;  in  fact,  the  longer  they  are  boiled  the  harder  they  become  ;  they 
should  then  be  soaked  in  cold  water,  for  twenty-four  hours,  crushed,  and 
stewed ;  in  this  way  even  very  old  peas  may  be  made  digestible  and  palatable. 
Chalk- water  must  be  avoided  in  the  case  of  peas  as  of  other  vegetables,  as  the 
lime-salts  form  insoluble  compounds  with  the  legumin. 

Latliyrus  sativus  (Kassaree-dhoU  of  India). — Occasionally  in  Europe,  and 
constantly  in  some  parts  of  India,  this  vetch  has  been  used  when  mixed  with 
wheat  or  barley  flour  for  bread.  When  used  in  too  great  quantities,  it 
produces  (without  there  being  necessarily  any  alteration  of  the  grain  1)  con- 
stipation, colic,  and  some  form  of  indigestion,  and  if  eaten  in  large  quantity, 
paraplegia.  It  is  also  injurious  to  horses,  but  less  so  to  oxen.  In  Bengal, 
Dr.  Irvine^  found  in  some  villages  no  less  than  from  10  to  15  per  cent,  of  the 
people  paralytic  from  this  cause.  From  its  composition,  it  would  not  appear 
to  be  innutritions. 

SECTION  IX. 
STARCHES  2  AND  SUGAR 
Sub-Segtion  I. — Arrowroots. 
Maranta  Arrowroot  (West  Indian).— The  chief  kind  is  obtained  from 
Maranta  arundinacea.    The  quality  of  Maranta  arrowroot  is  judged  of  by 
its  whiteness ;  by  the  grains  being  aggregated  into  Uttle  lumps,  and  by  the 
jelly  being  readily  made,  and  being  firm,  colourless,  transparent,  and  good 
tasted.    The  jelly  remains  firm  for  three  or  four  days  without  turning  thm 
or  sour,  whereas  potato  flour  jelly  in  twelve  hours  becomes  thin  and  acescent. 
Under  the  microscope,  the  starch  grains  are  easily  identified.    They  are 
slightly  ovoid,  like  potato  starch,  but  have  a  mark  or  line  at  the  larger  end 

1  Indian  Annals,  1857.    Ibid.,  Jan.  1868,  p.  89,  Dr.  Irvine  notices  the  i^semblance -of  the 
symptoms  to  the  Barbiers  of  Bontius. 

2  See  table,  p.  ',^58,  and  plate  of  drawings  by  Dr.  Maddox  farther  on. 
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(t\i6  liiluni  of  the  potato  starch  is  at  the  smaller  end),  the  concentric  lines  are 
well  marked  The  most  common  adulterations  are  sago,  tapioca,  and  potato 
stai'ch. '  All  these  starch-grains  are  readily  detected  by  the  microscope. 

Curcuma  Armoroot—A-vrowTOot  obtained  from  Curcuma  has  the  same 
physical  characters  as  iMaranta,  but  under  the  microscope  the  starch-grains 
are  larcre  and  oblong,  marked  with  very  distinct  concentric  lines,  which,  how- 
ever are  not  entire  circles,  having  an  indistinct  hilum  at  the  smaller  end. 

Manihot  Arroioroot.— This  comes  from  Eio,  and  is  obtained  from  Jatropha 
manihot    The  starch-grains  are  very  marked.i 

Tacca  or  Otaheiti  ^rro^croo^.—Hassall  gives  a  figure  which  shows  that  the 
starch-grains  resemble  those  of  Manihot. 

Arum  Arroioroot. — The  Arum  or  Portland  arrowroot  has  small,  angular, 
and  facetted  starch-grains,  which  cannot  be  confounded  with  any  of  the 
former.    They  are  a  little  like  maize.    This  is  sometimes  called  Portland  Sago. 

BritisJi  or  Potato  Arrowroot— Undei  the  term  "  Farina,"  potato  starch  is 
sold  in  the  market ;  so  white  and  crackling,  and  making  so  good  a  jelly, 
that  it  is  not  always  easy  to  distinguish  it  from  Manihot.  The  microscope 
at  once  detects  it.  The  pear-shaped  grains,  marked  hilum  towards  the 
smaller  end,  and  the  swelling  with  weak  liquor  potassse,  render  a  mistake 
impossible.  In  making  the  jelly  a  much  larger  quantity  is  required  than  of 
Maranta  arrowroot.  Maranta  arundinacea,  mixed  with  twice  its  weight  of 
hydrochloric  acid,  produces  a  white  opaque  paste,  whereas  potato  starch 
treated  similarly  produces  a  transparent  acid  jelly-like  paste, 

Canna  or  Tous  les  Mois  Arroioroot,  obtained  from  Canna  edulis,  N.O. 
'  Marantacece. — The  starch  grains  are  like  those  of  the  potato,  but  much  larger, 
and  the  concentric  lines  are  beautifully  marked  and  distinct.  ^ 

Sub-Section  IL — Tapioca. 

This  is  obtained  from  the  finest  part  of  the  j)ith  of  Jatropha  manihot  or 
Cassava. 

Under  the  microscope  the  starch-grains  are  small,  with  a  central  hilum ; 
and  sometimes  three  or  four  adhere  together  and  form  compound  grains. 

It  is  adulterated  with  sago  and  potato  starch,  both  of  which  are  easily 
detected  by  the  microscope. 

Sub-Section  III. — Sago. 

The  best  kinds  are  derived  from  the  sago  palm  {Sagus  farinifera),  but  the 
sago  of  the  Cycas  circinalis  is  also  sold ;  it  is,  however,  inferior. 

Granulated  sago  is  either  "  common  "  or  "  pearl  " ;  the  latter  is  chiefly  used 
in  hospitals.  The  starch  is  soluble  in  cold  as  well  as  in  hot  water.  The 
starch-grains  are  elongated,  rounded  at  tlie  larger  end,  and  compressed  at  the 
other ;  and  hence  their  shape  is  quite  different  from  the  potato  starch.  The 
hilum  is  a  point,  or  more  often  a  cross,  slit,  or  star,  and  is  seated  at  the 
smaller  end ;  whereas,  as  in  Maranta  arrowroot,  the  hilum  is  at  the  larger 
end.    Rings  are  more  or  less  clearly  seen. 

In  the  market  is  a  factitious  sago  made  of  potato  flour.  This  is  sometimes 
coloured  red  or  brownish,  either  from  cochineal  or  sugar.  In  thirty  specimens 
Hassall  found  five  to  be  fictitious.    The  microscope  easily  detects  potato  starch. 

It  is  sometimes  difficult  to  remember  the  characters  of  the  different  forms 
of  starch,  but  it  may  be  to  a  certain  extent  facilitated  by  a  tabulated  arrange- 
ment.   The  following  table  has  been  compiled  by  Dr.  J.  D.  Macdonald  R  JS" 
F.PuS.  ■ 


See  table,  p.  258,  and  plate  of  drawings  by  Dr.  Maddox  farther  on. 


E 


258 


FOOD. 


Micfoscopical  discrimination  of  the  pmicijoal  Arroim'oots  and  Starches. 

I.  Starches  with  isolated  smooth  or  uufacetted  grains,  being  originally  free 
in  the  cell  cavity. 


Gcuoral  Characters. 


Form. 


u 


A. — Contour 
ovoid. 
Hiluin 
eccentric. 


Uilum. 


[  Grains  large. 
J/ilum  at 
the  small 
end. 


Grains  me- 
dium sized. 
Hilum  at 
the  larger 
end. 


Particular  Characters. 

 A  


Name, 


Hilum. 
Ililuvi  distinct. 


Hilvm  distinct. 


Potato ;  British 
arrowroot. 


Tons  -  les  -  mois 
{Canna)  aiTOw- 
root. 

Curcuma  arro\v- 
root. 

Bennuda(ilfara«- 
ta)  ari'owroot. 


Eilura 

B.— Contour  J  longitudinal, 


oval. 


linear 
lateral. 


Form. 
Outline  even.  Con- 
tinuous rings,  ob- 
lique, including 
more  than  half 
the  grain. 
Outline  even.  Con- 
tinuous rings, 
nearly  transverse,  , 
includinglessthan  j  jffi^MOT  indistinct, 
half  the  grain.  L 

'  Outline      uneven,    Hilwn  slit-like,  tri- 
often  with  beak-      radial  or  crucial, 
like  projections. 

Outline  more  even,  Hilum  similar,  but   St. Vincent  arrow- 

-i     beak    less     fre-  less  apparent.  root, 
quently  seen. 

Whole   grain   still  Hilum  similar,  but   Natal  arrowroot. 

smoother       and  still  less  marked. 
^    more  regular, 

r  Grains  often  broad  Hilum     cleft-like.    Bean  starch, 

andreniform.  puckered,  irregu- 
lar. 

Grains  narrower  and  ^I'^wm  less  puckered   Pea  starch. 


C. — Contour 
round. 


Hilum 
central. 


more  uniform. 


■  Form  lenticular. 


Form  spherical,  | 


and  more  regular. 

/"Surface  convex  at   Wheat  starch. 
the/wZtm.  Grains 
large  and  minute 
only. 

Surface  depressed  at   Barley  starch. 
i\iQ  hilum.  Grains 
large,  medium- 
sized,  and  minute. 
Hilum  often  deeply   Eye  starch, 
fissured,  star-like. 


II.  Starches  with  the  grains  facetted  by  original  juxtaposition  in  the  cell 
cavity.    Hilum  central. 


A.— Often    presenting  the 
rounded  free  surface  of 
grains  originally  superficial  ) 
in  the  cluster,  ' 


Hilum  often 
cavernous. 


Grains  very  large,  with  a  Sago, 
central  sinus  or  cavernous 
antrum. 

(Rings  sinuous,  iiTegular.) 


Grains  small. 

(Sago  in  miniature.) 


^3 


B.— Altogether  facetted. 


,  1  C  Grains  small. 
Hilum    stei-J     (Like  Tapioca  without 
If'te,  1^  preparation. ) 

( Grains  small. 

(Discoidal  with  facetted 
I  margin.) 


Hilum  stel- 
late. 


Hilum  inoon- 
spicuous. 


Grains 
minute. 


'  In  roxmded  glo- 
meruli or  coni- 
130uud  grains, 
and  free  in  the 
cells. 

Closely  packed  Rice, 
in   the  cells, 
and  fi.xed. 


Tapioca. 

Rio  arrowroot. 

Maize. 

Oats. 
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Sub-Section  IV.— Sugar. 

Choice  and  Excmvnation.-nxB  sugar  should  be  more  or  less  white,  crys- 
talline not  evidently  moist  to  the  touch,  and  should  dissolve  entirely  m  water, 
01  leave  merely  small  fragments,  which  on  examination  with  the  microscope 
will  he  found  to  he  hits  of  cane.  The  whiter  the  quality  the  less  is  the  per- 
centao-e  of  water,  which  varies  in  different  kinds  of  sugar,  from  about  '25  per 
cent'°(in  the  finest  sugar)  to  9  or  even  10  per  cent,  (in  the  coarser  brown 
suo-ars)     Most  of  the  sugar  now  sold  is  very  good  and  pure. 

The  unpurified  sugars  contain  albuminous  matters  which  decompose,  and 
a  sort  of  fermentation  occurs.  Acarus,  or  the  sugar-mite,  is  usually  found 
in  such  sugar,  which  is  not  known  to  be  hurtfiil.  Fungi  also  are  very  fre- 
quently present. 

Method  of  Examination. 

1.  Determine  physical  characters  of  colour,  amount  of  crystallisation,  &c. 

%  Dissolve  in  cold  water;  fragments  of  cane,  starch,  sand,  gypsum,  calcium 
phosphate  are  left  behind;  test  with  iodine  for  starch.  The  best  way  is  to 
dissolve  under  the  microscope,  as  all  adulterations  are  then  at  once  detected. 

3.  Determine  percentage  of  water  by  drying  thoroughly  10  grammes,  and 
again  weighing. 

4.  Excess  of  glucose  (a  little  is  always  present)  is  detected  by  the  large 
immediate  action  on  the  copper  solution. 

SECTION  X. 
SUCCULENT  VEGETABLES. 

Almost  all  other  vegetables  (except  potatoes)  are  used,  not  so  much  on 
account  of  nutriuvequalities,  as  for  the  supply  of  salts ;  some  of  them,  how- 
ever, contain  very  digestible  starch  and  sugar,  or  other  substances,  such  as 
pectin  or  asparagin,  or  peculiar  oils  which  act  as  condiments,  as  in  onions. 

Sub-SeotiojST  I. — Potatoes  (Solanum  tuberosum). 

The  potato  contains  only  a  small  amount  of  nitrogenous  matter,  and  hardly 
any  fat.  Its  ash  is  also  poor  in  potash  and  phosphoric  acid,  But  its  starch 
is  very  digestible,  and  it  contains  a  large  quantity  of  vegetable  acids  and  their 
salts  (malates  1  tartrates  1  citrates),  which  form  carbonates  on  incineration. 
The  juice  is  acid,  and  there  is  no  better  anti-scorbutic.  The  acids  are 
combined  with  potash,  soda,  and  lime. 

As  the  amount  of  salts  is  small,  and  that  of  water  large,  at  least  8  to  12 
ounces  of  potatoes  should  be  taken  daily  if  no  other  vegetables  are  eaten  ( =  8 
ounces  at  1  per  cent,  of  salts  contain  35  grains;  at  1"5  per  cent.  =52*5 
grains). 

Choice.' — Potatoes  should  be  of  good  size,  firm,  cut  with  some  resistance, 
and  present  no  evidence  of  disease  ov  fungi. 

A  still  better  judgment  may  be  formed  by  taking  the  specific  gravity,  and 
using  the  following  tables  : — Multiply  the  specific  gravity  by  the  factor 
opposite  it,  and  divide  by  1 000  ;  the  result  is  the  percentage  of  solids  : — 


Specific  gravity, 
between 

Factor. 

Specific  gravity, 
between 

Factor 

1061-1068 

16 

1105-1109 

24 

1069-1074 

18 

1110-1114 

26 

1075-1082 

20 

1115-1119 

27 

1083-1104 

22 

1120-1129 

28 
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If  the  starch  alone  is  to  be  determined,  deduct  7  from  the  factor,  and 
proceed  as  before,  the  result  is  the  percentage  of  starch. 
If  the  specific  gravity  of  the  potato  is — 


Below 

Between 

Between 

Above 

Above 


1068 

1068-1082 
1082-1105 
1105 
1110 


The  quality  is  very  bad. 

inferior, 
ratlier  poor, 
good, 
best. 


As,  however,  the  medical  officer  will  seldom  have  an  hydrometer^  which 
will  give  so  high  a  specific  gravity,  and  must  work,  therefore,  with  a  common 
urinometer,  the  following  plan  must  be  adopted  : — Take  a  sufficient  quantity 
of  water,  and  dissolve  in  it  J  an  ounce  or  an  ounce  of  salt,  and  take  the 
specific  gravity ;  then  add  another  |  ounce  or  ounce,  and  take  again  the  specific 
gravity  ;  do  this  two  or  three  times,  so  as  to  get  the  increase  of  specific 
gravity  for  each  addition  of  a  known  quantity  of  salt;  then  add  salt  enough 
to  bring  up  the  specific  gravity  to  the  desired  amount.  This  is,  of  course, 
not  quite  accurate,  but  in  the  absence  of  proper  instruments  it  is  the  only 
plan  that  seems  feasible. 

Cooking  of  Potatoes.— ThQ  skins  should  not  be  taken  off,  or  a  large  amount 
of  salts  passes  into  the  water;  using  salt  water  is  a  good  plan,  as  fewer  of 
the  salts  then  pass  out.  The  boiling  must  be  complete,  as  the  starch-grains 
are  otherwise  undigested,  and  it  must  be  slow,  else  the  cellulose  and  albuminates 
■  are  hard.  Steaming  potatoes  is  by  far  the  best  plan ;  the  heat  must  be 
moderate  ;  the  steam  penetrates  everywhere,  and  there  is  no  loss  of  salts. 

Preservation  of  Potatoes.— ^xxgox,  in  the  form  of  molasses,  is  the  best  plan 
on  a  large  scale  ;  a  cask  is  filled  with  alternate  strata  of  moiasses  and  peeled 
and  sliced  potatoes.  On  a  small  scale,  boihng  the  potatoes  for  a  few  minutes 
will  keep  them  for  some  time.  Eree  exposure  to  air,  turning  the  potatoes  over 
and  at  once  removing  those  that  are  bad,  are  useful  plans.  ^ 

The  preserved  potatoes  are  sliced,  dried,  and  granulated,  and  when  well 
prepared,  are  extremely  useful. 

The  Sweet  Potato  and  the  Yam  are  somewhat  similar  to  tne  ordmary 
potato,  and  form  good  substitutes  when  potatoes  cannot  be  obtained. 

Sub-Section  II. — Other  Vegetables. 

The  composition  of  Carrots  and  Cabbage  has  been  abeady  given.  The 
composition  of  the  other  kinds  of  vegetables  is  similar. 

Some  vec^etables  contain  special  ingredients,  such  as  asparagin  in  asparagus 
(a  small  am°ount  is  also  contained  in  potatoes),  wax,  pectin,  which  is  a  little 
more  oxidised  than  starch  or  sugar ;  or  peculiar  oils  and  savoury  or  odoriferous 

On  account  of  its  volatile  oils,  the  onion  tribe  is  largely  used,  and  is  a 
capital  condiment,  and  has  an  effect  as  an  anti-scorbutic.    It  contains  some 

citrate  of  calcium.  ,      ,        ^,       ,  •  j 

There  are  many  vegetables  which  can  be  employed  as  anti-scorbutics  besides 
potatoes,  onions,  and  green  vegetables.  The  wild  artichoke  and  Agave 
americana  (cactus)  are  both  excellent  anti-scorbutics,  and  the  latter  is  said 

1  Baumg's  or  Twaddell's  hydrometers  are  the  best  for  the  purpose.       ^  „  ,  , ,       „„  i  „f 

2  Cthe  Crimean  war  there  was  a  considerable  loss  of  potatoes  sent  up     ^^i^^;  j^^^^^^^^^ 

a  time  when  the  men  were  most  in  need  of  them.  The  addition  of  sugar  io  the  raw  potatoe.v 
might  have  been  made. 
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to  be  better  than  lime  juice.  Sorrel,  and  in  a  less  degree  scurvy-grass  and 
mustard  and  cress,  are  useful.  In  New  Mexico  a  salad  made  of  the  lamb  s 
quarter"  (ChenopocUum  alhum)  has  been  found  very  useful  i 

In  war  almost  any  kind  of  vegetables  may  be  used  rather  than  that  the 
troops  should  be  left  without  such  food.  In  one  of  the  Caffre  wars,  an 
African  coi'ps  kept  free  from  scurvy  by  using  a  sort  of  grass  (^)  in  their  soup. 

The  dried  veo-etables,  and  especially  the  dried  potato,  have  considerable 
anti-scorbutic  powers  (Armstrong).2  The  dandelion  was  largely  used  in  the 
French  army  in  the  Crimean  war.  The  American  Indians  put  up  for  winter 
quantities  of  dried  plums,  buffalo  berries,  and  choke  berries,  and  thus  escape 


scurvy  ^ 


Ui.  V  J  .  J  1        i.  J. 

If  vegetables  cannot  be  procured,  citric  acid,  or  citrate,  tartrate,  and  lactate 
of  potassium  should  be  given.    These  can  be  carried  as  lozenges. 

SECTION  XI. 
COW'S  MILK. 

A  cow  gives  very  variable  quantities  of  milk,  according  to  food  and  race, 
and  age  of  the  calf;  perhaps  20  to  25  pints  in  twenty-four  hours  is  the  average 
for  the  year,  but  with  poor  feeding  it  will  fall  much  below  this  ;  occasionally 
a  cow,  soon  after  calving,  will  give  50  pints,  but  this  is  not  common.  A 
goat  will  give  6  to  8  pints. 

Sub-Section  I. — Milk  as  an  Article  of  Diet. 

Milk  contains  all  the  four  classes  of  aliment  essential  to  health.  Being 
intended  especially  for  feeding  during  growth,  the  proportions  of  nitrogenous 
substances  and  fat,  as  compared  to  sugar,  are  large. 

For  the  average  composition  of  good  milk,  see  table,  p.  200. 

In  addition  to  casein,  a  small  quantity  of  true  albumin  remains  in  solution 
after  the  casein  has  been  thrown  down ;  and  there  is  also,  according  to  Millon,* 
another  albuminoid  substance,  which  he  calls  lactoprotein.  In  cow's  milk 
the  amount  of  albumin  is  said  to  be  5*25  grammes  per  litre;  the  amount  of 
lactoprotein  is  much  smaller,  but  has  not  been  precisely  determined.^ 

The  amount  of  salts  varies  from  "5  to  "8  per  cent.,  but  seldom,  if  ever, 
exceeds  1  per  cent.  The  usual  average  is  about  07  to  0*75.  This  is  of 
importance  in  the  detection  of  adulteration  by  salts.  In  poor  milk  the  salts 
may  be  as  low  as  "3  per  cent. 

Milk  is  very  largely  used  in  some  countries,  especially  in  India  and  Tartary, 
where  the  use  of  the  koumiss,  prepared  from  mare's  milk,  has  been  supposed 
to  prevent  phthisis.  This  fermented  drink  is  now  also  prepared  from  cow's 
milk,  and  largely  used  in  this  country. 

1  Mil.  Med.  and  Surg.  JEssays  prepared  for  the  U.S.  Sanitary  Com.  1864,  p.  202. 

2  Naval  Hygiene,  p.  112.  In  the  American  war,  however,  the  anti-scorbutic  effects  of  the 
dried  vegetables  were  not  found  to  be  very  great.  I  found  that,  ta  a  sound  raw  potato,  the 
amount  of  free  and  combined  acid  (reckoned  as  citric)  was  0"4503  per  cent.  ;  and  that  ia  the 
preserved  potato  used  in  the  Arctic  Expedition  (1875-6)  it  was  1-085  ;  or  in  the  ratio  of  1  to  2*4. 
From  this  we  find  that  7  ounces  of  the  preserved  potato  contained  the  equivalent  of  31^  grains 
of  citric  acid,  or  one  oimce  of  navy  lime  juice.  The  ration  usually  issued  (2  to  4  ounces)  is, 
therefore,  too  small,  unless  other  anti-scorbutics  be  given.  (See  Report  of  Committee  on  Scurvy, 
Appendix,  xiii.  365.)— (F.  de  C.) 

3  Hamilton's  Mil.  Surg. ,  p.  212. 

*  Comples  Rendus,  t.  I'ix.  p.  396. 

*  Conimaille  {Gomptes  Rendus,  Nov.  9,  1868)  found  creatinin  in  some  putrid  milk,  derived, 
he  thmlcs,  from  creatin.  He  admits  also,  after  Lefort,  that  there  is  a  little  urea.  He  found 
also  some  organic  acids,  the  nature  of  which  is  doubtful. 
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Milk  varies  in  (Quantity  and  composition  according  to — 1st,  the  age  of  cow  ; 
27id,  the  number  of  pregnancies,  loss  milk  being  given  with  the  first  calf 
(Hassall);  Zrd,  to  the  age  of  the  calf,  being  at  hrst  largely  mixed  with 
colostrum  ;  4if/i,  to  the  kind  of  feeding,  beet  and  carrot  augmenting  the  sugar ;  ^ 
5th,  and  remarkably  according  to  the  race,  some  cows  giving  more  fat  (as 
Alderneys),  others  more  casein  (as  the  long-horns).  The  last  portion  of  the 
milk  given  in  milking  is  richest  in  cream  (Hassall). 

Wanklyn  states  that  the  proportion  of  solids  is  more  stable,  and  never  falls 
below  11-5  per  cent.  In  Sweden,  the  milk  of  a  herd  of  cows  being  analysed 
daily  for  a  year,  the  solids  never  fell  to  11-5,  and  only  4  times  to  12  percent. 
(Wanklyn). 

The  goat's  milk  is  rather  richer  in  solids  (14*4  per  cent. — Pay  en),  and 
contains  also  a  peculiar  smelling  acid  (hircin  or  hircic  acid).  Specific 
gravity,  1032-1036. 

Ass's  milk  is  rather  poorer  in  solids  (9-5  per  cent. — Payen).  This  is  owing 
to  a  small  amount  of  casein  and  fat ;  it  is  rich  in  lactin.  The  specific  gravity 
varies  from  1023  to  1035. 

The  buffalo  milk  is  richer  in  all  the  ingredients. 

Taking  the  total  sohds  of  cow's  milk  at  13-2  per  cent,  (specific  gravity  1030), 
one  pint  (20  ounces)  will  contain,  in  round  numbers — 

Casein,   350  grains. 

Pat,   324  „ 

Lactin,   420  „ 

Salts,  66  „ 

Total,       .       .       .  1160 

or  more  than  2|  ounces  avoir,  of  water-free  food. 

To  give  23  ounces  of  water-free  food  (or  one  day's  allowance  for  an  adult), 
about  9  pints  of  milk,  of  specific  gravity  1030,  are  necessary.  Por  an 
adult  this  would  be  far  too  much  water,  and  the  albuminates  and  fat  would 
be  in  great  excess.  But  for  the  rapid  formation  and  elimination  of  the 
young,  the  water  and  fat  are  essential.  It  is  a  question  whether,  in  old  age, 
large  quantities  of  milk  might  not  be  a  remedy  for  failures  in  tissue  forma- 
tion and  elimination.  2 

Sub-Section  II. — Alterations  op  Milk. 
The  cream  rises  in  from  four  to  eight  hours  ;  it  is  hastened  by  adding  warm 
water,  but  its  quantity  is  not  increased  (Hassall).    A  new  apparatus  has  been 
recently  introduced  by  which  the  cream  is  obtained  by  agitation  m  a  few 

™ilk  alters  on  standing;  it  absorbs  oxygen,  and  gives  off  CO2 ;  placed  in 
contact  with  a  volume  of  air  greater  than  its  own  bulk  it  absorbs  all  the 
oxygen  in  three  or  four  days  (Hoppe-Seyler).  -The  CO^  is  formed  at  the 
expense  of  the  organic  matter  (probably  casein— Hoppe-Seyler),  and  bodies 
richer  in  carbon  and  hydrogen  are  formed;  fat  increases  m  amount,  and 
oxalic  acid  is  said  to  be  formed.  i  i.-  +1.^ 
Subsequently  lactic  acid  is  formed  in  large  quantities  from  the  lactin ,  the 
milk  becomes  turbid,  and  finaUy  casein  is  deposited.  The  cream  which  had 
previously  risen  to  the  surface  disappears.  

bitches,  show  a  marked  effect  by  food ;  the  fat  was  much  increased  bj  meat,  the  casern 
less  affected  ;  a  large  quantity  of  fat  greatly  lessened  the  secretion.  „„,iecided  Some 

2  This  was  a  point  debated  by  Galen,  so  old  is  this  suggestion.   It  is  still  uudeculea. 
old  persons  cannot  digest  milk. 
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Milh  gioen  ly  diseased  Cows. 

Milk  from  diseased  animals  soon  decomposes ;  it  may  contain  colostrum, 
orheansof  <Tranules  collected  in  roundish  masses,  pus  cells,  or  epithelium, 
and  occasioSally  blood.  It  then  soon  becomes  acid  and  the  microscope 
usuaUy  detects  abnormal  cell  forms,  and  casts  of  the  lacteal  tubes. 

In  cattle  placme  it  is  said  by  Husson  that  the  lactm  lessens,  while  the 
nitrocxenous  matters  are  increased,  and  blood  and  aggregated  granules  are  seen 
unde?  the  microscope.  In  foot-and-mouth  disease  the  specific  gravity  rapidly 
faUs  (from  1030  to  1024),  thougb  this  is  not  invariable ;  there  are  granular 
heaps  under  the  microscope,  and  often  blood  or  pus  ceUs;  Mr.  M' Bride  says 
pus  can  be  found  for  a  month  after  recovery.  Bacteria  and  small  oval  and 
Touud  cells  are  common.^    The  milk  sometimes  coagulates  on  boiling. 

Sub-Section  III. — Examination  of  Milk. 

This  is  intended  first  to  determine  the  quality.  Put  some  of  the  milk  in 
a  long  glass,  which  is  graduated  to  100  parts ;  a  100  centimetre  or  litre 
measure  will  do,  or  a  glass  may  be  specially  prepared  by  simply  marking  with 
compasses  100  equal  lines  on  a  piece  of  paper,  and  gumming  it  on  the  glass. 
Allow  it  to  stand  for  twenty-four  hours  in  a  cupboard  secured  from  currents 
of  air.  By  this  means  the  percentage  of  cream  can  be  seen,  and  the  presence 
of  deposit,,  if  any,  observed.  There  should  be  no  deposit  tiU  the  milk  decom- 
poses ;  if  there  be,  it  is  probably  chalk  or  starch. 

The  cream  should  be  from  -j^i^Q  to  ;  it  is  generally  about  -^^^thB  \ 

in  the  milk  of  Alderney  cows  it  will  reach  iVo^hs  or  j^^o^^^s-  The  time  of 
year  (as-  influencing  pasture),  and  the  breed,  should  be  considered. 

While  this  is  going  on,  determine — 

1.  The  Physical  Characters. — Placed  in  a  narrow  glass,  the  milk  should  be 
quite  opaque,  of  full  white  colour,  without  deposit,  without  peculiar  smell 
or  taste.    When  boiled  it  should  not  change  in  appearance. 

2.  Reaction. — Eeaction  should  be  slightly  acid  or  neutral,  or  very  feebly 
alkaline  ;  if  strongly  alkaline,  either  the  cow  is  diseased  (?)  or  there  is  much, 
colostrum,  or  sodium  carbonate  has  been  added. 

3.  Specific  Gravity.- — The  specific  gravity  varies  from  1026  to  1035.  A 
very  large  quantity  of  cream  lowers  it,  and  after  the  cream  is  removed,  the 
specific  gravity  may  rise^  undes  ordinary  circumstances,  about  2°.^  The 
average  specific  gravity  of  unskimmed  milk  may  be  taken  as  1030  at  60° 
Fahr.,.  and  the  range  is  Qearly  4°  above  and  below  the  mean.  It  varies  with 
temperature,  so  that  in  the  tropics  the  medical  officer  will  have  to  allow  for 
this  difference.  The  following  are  the  relative  degrees  of  Be  milk  that  shows 
1030  at  60°E'ahr.,  and  1031  at  39°  Fabr.  (maximum  density-point  of  water) : — 

Temperatupe  of  Milk,  39°  F.  =10311  Temperature  of  Milk,  80°  F.  =1027-5 
,^  ,,,      60°F.=1030  „  ,■,  90°F.=1025-8 

70°  F. -1029  I  „    100°  F.  =  1024-0 

The  addition  of  water  may  be  detected  by  the  specific  gravity.    At  60°  Fahr. 

^  Figures  of  the  microscopical  appearances  are  given-  in  some  very  good  papers  on  tke  subject 
in  the  British  Medical  Journal,  Oct.  1869. 

2  Dr.  Davies  records  a  case  where  the  specific  gravity  was  1024'6  ;  there  was  17  per  cent,  of 
cream,  and  the  solids  were  16  "25.  A  case  of  this  kind  cannot  mislead  if  the  amount  of  cream 
is  determined.  Davies  recommends  that  the  specific  gravity  of  the  whey  should  be  taken  ;  he 
says  it  is  very  constant  between  1026  and  1028. 

In  one  sample  I  examined  the  specific  gravity  was  1020,  and  the  cream  -rtfe,  the  specific  gravity 
of  the  skimined  milk  was  1028-9.  Another  sample  gave— specific  gravity  1017 '6,  cream  t%  ; 
specific  gravity  of  skimmed  milk,  1032-75.  Another  sample  (which  purported  to  be  the  same 
as  the  last)  gave  a  specific  gravity  of  1018*84,  but  the  cream  was  only  iJn  ;  in  this  case  the 
greater  part  of  the  cream  had  been  removed,  and  about  50  percent,  of  water  added.— (F.  de  C.) 
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there  is  a  loss  of  3°  for  every  10  per  cent,  of  water  added.  No  doubt  the 
method  is  not  perfect,  but  its  ease  of  application  strongly  recommends  it. 


4.  Examine  chemically  for  the  Amount  of  the  Different  Consiitumts. 

(a)  Total  solids. — Evaporate  a  known  quantity  to  dryness  in  a  flat  and 
shallow  dish,  and  weigh.  Calculate  the  percentage.  The  heat  must  not 
exceed  212°  Fahr.  (100°  C),  and  should  be  continued  for  at  least  three 
hours.    There  should  be  no  charring. 

(h)  Ash.- — Incinerate  the  dried  solids,  and  weigh. 

(c)  Determine  the  amount  of  fat.  This  is  best  done  by  means  of  the  fat 
apparatus  of  Gerber  or  of  Soxhlets^  in  which  ether  is  made  to  pass  repeatedly 
through  the  dried  solids  and  carries  with  it  the  fat.  The  ether  is  then 
evaporated  and  the  fat  weighed.  An  approximate  result  can  be  given  by 
the  employment  of  an  instrument  called  a  lactoscope,  which  measures  the 
degree  of  transparency.  The  lactoscope  of  Donn6  has  been  improved  by 
Vogel,  as  a  simple  plan  for  ascertaining  the  amount  of  fat  in  milk.^ 

1  Vogel's  iustnimeut  consists  of  a  little  cup,  formed  by  two  parallel  pieces  of  glass,  distant 
^  a  centimetre  (=:'1968  inches,  say  Tenths  of  an  inch)  from  each  other,  and  closed  everywhere 
excej)t  at  the  top,  so  as  to  form  a  little  vessel ;  a  glass  graduated  to  100  CO.,  and  a  little 
pipette,  which  is  divided  to  4  CO.,  are  also  required.  Water  (100  CO.)  is  placed  in  the 
measure,  and  2  or  3  C.C.  of  milk  (which  should  be  at  first  agitated,  so  as  to  mix  any  separate 
cream)  are  added  to  it.  The  parallel  glass  cup  is  then  filled  with  this  diluted  milk,  and  a 
candle  placed  about  one  metre  from  the  eye  (  =  39"37  inches)  is  looked  at  in  a  rather  darkened 
room  ;  if  the  flame  of  the  candle  is  seen,  the  milk  is  poured  back  into  the  large  measure  ;  more 
milk  is  added  to  it,  and  it  is  pom-ed  again  into  the  parallel  glass,  and  the  light  is  again  looked 
at ;  the  experiment  ends  when  the  contour  of  the  light  is  completely  obscured.  The  candle 
should  be  a  good  one,  but  the  difference  in  the  amount  of  light  is  not  material.  The  percentage 
amount  of  fat  in  the  milk  is  then  calculated  by  the  following  formula  (which  has  been  deter- 
mined by  a  comparison  of  the  results  of  the  instrument,  and  of  chemical  analysis)  :  x  being 
the  quantity  of  fat  sought,  and  m  the  number  of  C.C.  of  milk  which  added  ±o  the  100  C.C.  of 
water  suffice  to  obscure  the  light. 

a;=?^+0-23. 

m 

If,  for  example,  3  C.  C.  of  milk,  added  to  the  100  of  water,  were  sufficient  to  obscure  the  light, 
the  percentage  of  fat  is — 

a;=-^- +  •23=7-96  per  cent, 
o 

From  this  formula  the  following  table  has  been  calculated,  which  enables  us  to  read  off  at 
once  the  percentage  of  fat  : — 

C.C. 

Milk. 
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If,  for  example,  1  cubic  centimetre  of  milk  to  100  of  water  obscures  the  light,  the  percentage 
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(d)  Casein— Tako  a  weighed  or  measured  quantity;  add  two  or  three 
drops  of  acetic  acid,  and  boil.  Add  a  good  deal  of  water  ;  allow  to  stand 
for  twenty-four  hours;  pour  off  the  supernatant  fluid;  wash  the  precipitate 
well  with  ether  at  80°;  dry,  and  weigh.  Calculate  the.  percentage.  It  is 
difficult  to  free  it  entirely  from  fat.  Wanldyn  recommends  the  albuminoid 
ammonia  process,  as  in  the  case  of  nitrogenous  matter  in  water  :  1  part  of 
casein  yielding  0-065  of  ammonia.  The  determination  is  not  often  required. 
-  (e)  Determine  the  amount  of  lactin  by  the  saccharometer,  or  by  the  standard 
copper  solution.  1  To  do  this,  take  10  C.C.  of  milk,  add  a  few  drops  of  acetic 
acid,  and  warm— this  coagulates  the  casein  with  the  fat ;  then  make  up  to 
100  C.C.  with  distilled  water,  filter,  and  put  the  filtered  whey  (which  ought  to 
be  as  clear  as  possible)  into  a  burette.  Take  10  C.C.  of  standard  copper 
solution,  put  it  in  a  procelain  dish,  and  add  20  or  30  C.C.  of  distilled 
water;  boil;  as  soon  as  it  is  in  brisk  ebullition  drop  in  the  whey  from 
the  burette  ;  take  care  that  the  liquid  is  boiling  all  the  time ;  continue 
the  process  until  the  copper  is  all  reduced  to  red  suboxide  and  no  blue  colour 
remains  in  the  supernatant  liquid  ;  but  stop  before  any  yellow  colour  appears. 
Eead  off  the  amount  of  whey  used,  and  divide  by  10 ;  the  result  is  the 
amount  of  milk  which  exactly  decomposes  10  C.C.  of  the  copper  solution. 
The  10  C.C.  of  the  copper  solution  are  equal  to  -0667  grammes  of  lactin. 
The  amount  of  lactin  in  the  10  C.C.  of  milk  is  then  known  by  a  simple  rule 
of  three  ;  and  the  amount  in  100  C.C.  of  milk  is  at  once  obtained  by  shifting 
the  decimal  point  one  figure  to  the  right. 

•  Example  : — 15  C.C.  of  dilated  whey  were  required  to  reduce  the  10  C.C. 

15 

of  copper  solution;  —  =  .1'5  the  amount  of  original  milk;  0'0667  -f- 

1-5  =  0-0445  grammes  of  lactin  in  1  C.C. ;  therefore  0*0445  x  100  =  4*45  per 
cent. 

5.  Examine  the  Milk  micToscojpically. — The  only  constituents  of  milk  are 
the  round  oil  globules  of  various  sizes  in  an  envelope  and  a  little  epithelium. 
The  abnormal  constituents  are  epithelium  in  large  amount,  pus,  conglomerate 
masses,  and  casts  of  the  lacteal  tubules.  The  added  ingredients  may  be 
starch  grains,  portions  of  seeds,  and  chalk  (round  and  often  highly  refracting 
bodies,  with  often  a  marked  double  outline,  and  at  once  disappearing  in  acid). 
Colostrum,  occurring  for  three  to  eight  days  after  the  birth  of  the  calf,  is 
composed  of  agglomerations  of  fat  vesicles  united  by  a  granular  matter. 
Infusoria  are  sometimes  found  in  milk,  and  fungi  {Oidium  ladis  and 
Penicillium)  are  so  almost  invariably,  if  the  milk  has  been  kept.^ 

Sclieme  for  a  SJwrt  Examination. 
As  a  medical  officer  is  constantly  called  upon  to  examine  milk,  and  will 


of  fat  is  23 •4-3  ;  if  8  cubic  centimetres,  added  to  100  of  water,  are  needed  to  obscure  the  light, 
the  percentage  is  3 '13,  &c. ;  so  that  in  four  or  five  minutes  an  approximate  analysis  of  the 
milk  IS  made,  as  far  as  the  fat  is  concerned. 

Wanklyn  states  that  0-2  grammes  of  fat  equal  1  gramme  of  cream. 

1  See  Appendix  A.  Wanklyn  recommends  dissolving  out  the  lactin  from  the  solids  (after  the 
rat  IS  removed)  by  means  of  alcohol,  evaporating  and  weighing  ;  then  incinerating  ;  the  difference 
gives  the  amount  of  lactin.  This  seems  on  the  whole  less  convenient  for  the  medical  officer 
than  the  copper  test.  Macnamara  (Indian  Medical  Gazette,  1873)  uses  alcohol  for  extracting 
tne  lactm,  but  determines  it  by  Fehling's  copper  test. 

Dr.  Willard  of  Cornell  University  notes  the  experience  of  Professor  Law,  who  observed  a 
peculiar  ropy  material  in  milk,  and  traced  it  to  cows  drinking  stagnant  water  containiuK 
organisms  similar  to  those  found  in  the  milk  ;  a  drop  of  this  water,  put  into  good  milk,  soon 
ST  •  V^'^-^e  organisms.  The  cows  were'feverish.-(Dr.  John  Ogle,  Journal  of  tlie  Agricul- 
tmal  bociety,  Nov.  15,  1872  ;  Lancet,  Oct.  11,  1873.)  J     <^  ^yi 
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seldom  have  time  to  go  thoroughly  into  all  the  points  just  noted,  the  follow- 
ing short  scheme  will  bo  useful : — 

1.  Put  some  milk  into  the  long  graduated  glass  for  deposit,  and  for  deter- 
mining percentage  of  cream.  ^ 

2.  Take  physical  characters,  reaction,  and  specific  gravity.    Take  specific 
gravity  of  tlie  whey,  if  there  he  time  to  do  this. 

3.  Determine  fat  by  Vogel's  milk-test.  ^ 

4.  Examine  the  milk  with  the  microscope.  The  comparison  of  the  specific 
gravity,  and  the  amount  of  cream  which  rises,  or  of  fat,  will  be  found  to  give, 
in  conjunction  with  the  physical  characters,  a  very  good  idea  of  the  quality 
of  the  milk. 

Sub-Section  IV. — Preservation  of  Milk. 

1.  Boiled,  the  bottle  quite  filled,  and  at  once  corked  up  and  well  sealed, 
the  milk  lessens  in  bulk,  and  a  vacuum  is  formed  above.  It  will  keep  for 
some  time.  A  little  sugar  aids  the  preservation.  If  the  heat  is  carried  in  a 
close  vessel  to  250°  Fahr.,  the  milk  is  preserved  for  a  long,  time,  even  for 
years  ;  the  butter  may  separate,  but  this  is  of  no  consequence. 

2.  Sulphur  dioxide  passed  through  it,  or  sodium  sulphite  added..  This 
may  be  done  after  boiling. 

3.  A  little  sodium  carbonate  and  sugar  added,  with  or  without  boiling. 
This  wiU  keep  for  ten  days  or  a  fortnight. 

4.  The  addition,  of  salicylic  acid,  borax,  boracic  acid,  or  boroglyceride 
(Barffs  patent). 

In  the  market  are — milk  in  tins,  preserved  in  the  usual  way  by  exclusion 
of  air,  concentrated,  milk  mixed,  with  sugar,  and  desiccated  or  dried  milk. 
This  last  is  milk  carefully  dried  at  a  low  temperature,  with  a  little  sugar. 
Dissolved  in  water, ,  it  forms  an  excellent  milk. 

The  preserved  liquid  milk  often  has  the  buttcK  separated  ;  if  so,,  it  may  be 
spread  on  bread.  It  is  not  easy  to  remix  it  with  milk,  but  it  is  said  that  the 
separation  may  be  prevented  by  adding  a  little  yolk  of  egg. 

Sub-Section  Y. — Adulterations. 

1.  Water.' — This  is  extremely  common,  and  is,  in  fact,,  generally  the  only 
aduiteration ;  it  is  best  detected  by  specific  gravity  or  by  the  amount  of  soHds 
by  evaporation.  Wanklyn  suggests  the  amount  of  ash  as  a  good  test  of  water- 
ing •  the  nonmal  ash  being,  according  to  him,  about  0*73  per  cent..  In  this 
case  the  calculation  would  be  as  follows  :— Let  (a)  be  the  observed  percentage 

of  ash  and  (A)  the  normal  amount:  then  100--^  =  per  cent,  of  water 

100  X  -50        ^         ■  . 
added:  let  (a)  = 'SO,  and  A  ="73:  then  100  ^3— =  31-0  percent,  of 

water  added.    In  a  similar  way  the  amount  of    soUds  not  fats  "  may  be 

used  as  a  standard..  t  ,1    n  •  v     1  „„ 

2.  Starch,  dextrin,  or  gum,  to  conceal  the  thinness,  and  the  bluish  coloui 

1  Macnamara  {Tndian  Medical  Gazette,  1873)  finds  tliattlie  cream  is  not  very  useful  iu  India 
as  a  tesr  trrai  id  coal^         of  tlie  milk  preventing  it  rising  ;  similarly  Vogel's  test  does  not 
Sve  sSkactorv  results.    It  .vould,  therefore,  be  necessary  to  determme  the  constituents 
f^::-£Sili^Svo..^XA..  Thefollowingiplanmaybeadopte^^^^^^^^ 
two  portions  of  milk,  and  evaporate  both  to  dryness  :  we.gh  • .        ,^his  the 
obtained.    Then  incinerate  one  portion :  weigh  :  this  gives  the  «^/^    Exhaust      ot^>^^  w"'^ 
ether  in  Gerber's  or  Soxhlefs  apparatus  :  from  this  tTie/«<  "''7  «if ^f.'j'f-  i^^'^eil^^^^^^ 
residue  with  alcohol ;  this  gives  the  ladin,  which  may  be  determined  either  ^>  ^^'g  g 
or  incineration,  or  by  Fehlini's  process  ;  weigh  the  residue,  tlien  "^cuiera^^^^^     Xtrmh^LtS  of 
the  difference  will  be  the  casevn.    The  last  weighing  also  gives  a  controlling  determination 
the  ash. 
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m^oduced  by  water.  Not  a  common  adulteration.  Add  iodine  at  once  for 
starch  •  boil  with  a  drop  of  acetic  acid,  and  add  iodine  for  dextrin,  or  add 
acetate  of  lead  and  then  ammonia,  a  white  precipitate  falls. 

3.  Aymatto  or  turmenc  is  added  to  give  colour.    Liquor  potassse  at  once 

detects  turmeric.  ,x     -, .  ^    ,-,  •   •  x.  -i 

4  Emulsions  of  seeds  {hemp  or  almond),  added ;  this  is  uncommon.  Loii. 
The  albumin  of  the  seeds  coagulate ;  the  milk  will  not  mix  with  tea.  Hemp 
seed  gives  an  unpleasant  odour  to  the  milk  (Normandy). 

5  Glycerin  has  been  sometimes  met  with.  The  milk  will  be  sweeter 
than  usual,  and  there  will  be  a  difficulty  if  not  impossibility  in  drying  the 
solids  by  evaporation.  4.  j 

6.  Chalk,  to  neutralise  acid,  and  to  give  thickness  and  colour.  Let  it  stand 
for  deposit ;  collect  and  wash  deposit,  and  add  acetic  acid  and  water  j  after 
effervescence  filter,  and  test  with  oxalate  of  ammonium. 

7.  Sodium  Carhonate. — Very  difficult  of  detection  unless  tbe  milk  be  alka- 
line. Determine  the  ash,  and  see  if  it  effervesces  ;  if  so,  either  some  carbonate 
has  been  added,  or  if  tbe  sodium  have  united  with  lactic  acid,  this  will  be  con- 
verted into  carbonate,  and  enough  lactic  acid  to  give  an  effervescing  ash.  does 
not  exist  in  good  milk. 

8.  Milk  is  often  hoiled  to  preserve  it ;  it  may  then  take  up  from  tbe 
vessel  lead,  copper,  or  zinc,  if  these  metals  are  used. 

Cream  is  adulterated  or  made  with  magnesium  carbonate,  tragacanth.,  and 
arrowroot.  The  microscope  detects  the  latter,  and  particles  of  magnesium 
carbonate  (round)  can  also  be  seen,  and  found  to  disappear  with  a  drop  of 
acid.    It  is  also  said  that  yolk  of  egg  is  added  both  to  cream  and  milk.^ 

In  most  cases  of  falsification,  milk  is  watered  or  creamed,  or  both  creamed 
and  loatered.  Watering  alone  is  detected  by  a  lowered  specific  gravity  and 
a  diminished  quantity  of  cream.  Creaming  alone  is  detected  by  a  heightened 
specific  gravity  and  a  diminished  quantity  of  cream.  When  both  are  resorted 
to,  the  cream  will  be  small  in  amount,  but  the  specific  gravity  may  be  normal. 
When  a  quantitative  analysis  can  be  made,  watering  alone  is  indicated  by  a 
general  lowering  of  the  constituents,  which,  however,  preserve  their  normal 
proportions  to  each  other.  Creaming  alone  is  indicated  by  a  lessened 
amount  of  fat,  but  a  normal  amount  of  everything  else,  except  total  solids. 
Creaming  and  watering  may  be  known  by  a  general  lowering  of  all 
constituents,  but  the  deficiency  in  fat  will  be  most  marked. 


Sub-Section  YI. — Effects  of  Bad  Milk. 

Professor  Mosler^  has  directed  attention  to  the  poisonous  effects  of  "  blue 
milk,"  3  that  is  to  say,  milk  covered  with  a  layer  of  blae  substance,  which  is 
in  fact  a  fungus,  either  Oidium  lactis  or  Penicillium,  which  seems  to  have 
the  power,  in  certain  conditions,  of  causing  the  appearance  in  the  milk  of 
an  aniline-like  substance.*  The  existence  of  this  form  of  fungus  was  noted 
by  Fuchs  as  long  ago  as  1861.  Milk  of  this  kind  gives  rise  to  gastric  irritation 
(first  noted  by  Steinhof) ;  and,  in  four  cases  mentioned  by  Mosler,  it  pro- 
duced severe  febrile  gastritis. 

1  Mr.  Bottle,  Pharmaceutical  Journal,  February  1873. 

2  Virchow's  Archiv,  Band  xliii.  p.  161  (1868). 

3  Blue  milk  is  given  by  feeding  gows  with  some  vegetable  substances,  as  Myosotis  palustris 
±^iygonum  aviculare  waA.  Fagopyrum,  Mercurialis  perennis,  and  other  plants  (Mosler)  -  but 

i-^^  'lifferent  from  the  blue  colour  referred  to  above.  ' 

"'t"'^  (/OT6niai/wr  Prakt.  Chem.,  xcix.  p.  385,  quoted  by  Mosler)  has  discovered  that 
monones  have  the  power  of  producing  aniline  colouring  matter  from  protein  substances 
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Milk  which  is  not  blue,  hut  which  contains  large  quantities  of  Oidium, 
appears  from  Hessling's  observations  ^  to  produce  many  dyspeptic  symptoms, 
and  oven  cholora-liko  attacks,  as  well  as  possibly  to  give  rise  to  some  aphthous 
affections  of  the  mouth  in  children. 

Milk  contaminated  with  pus  from  an  inflamed  udder,  or  an  abscess  on  the 
udder,  will  give  rise  to  stomatitis  in  children,  and  to  aphthae  on  the  mucous 
membrane  of  the  lips  and  gums.^ 

There  has  been  much  discussion  whether  the  milk  from  foot-and-mouth 
disease  in  cows  {Eczema  epizoutica)  can  cause  affections  of  the  mouth,  or  give 
rise  in  human  beings  to  any  disease  similar  to  that  o'f  cattle.  Pigs  can 
certainly  get  the  disease  from  the  milk  of  the  cow  ;  sheep  and  hares,  which 
also  have  the  disease,  perhaps  get  it  from  the  saliva  on  herbage.  In  men  the 
evidence  is  discordant,  and  in  a  great  measure  negative;^  still  there  are  some 
striking  cases,  which  seem  sufficient  to  prove  that  disease  of  the  mouth 
(aphthous  ulceration,  general  redness,  diphtheritic-like  coating,  swollen 
tongue),  and  sometimes^  though  rarely,  an  affection  of  the  feet  may  occur.* 
Some  positive  evidence  has  been  adduced  by  Professor  M'Bride,^  Gooding,'^ 
Hislop,'''  Latham,^  and  Briscoe.^  It  is,  of  course,  possible  that  some  pus  or 
blood  from  abscesses  on  the  teat  or  udder  may  have  got  into  the  milk,  but  it 
is  unlikely  that  this  should  have  been  overlooked. 

A  remarkable  outbreak,  which  took  place  in  Aberdeen  in  April  1881,  has 
been  recorded  by  Dr.  Beveridge.  The  symptoms  were  febrile,  but  anomalous, 
and  their  cause  is  as  yet  unexplained.  The  cases  were  limited  to  the  area 
of  a  particular  milk  supply,  88  per  cent,  of  the  families  using  the  milk  being 
attacked.  1°  There  seems  reason  to  believe  that  bovine  tuberculosis  may  be 
communicated  to  man  through  milk.^^ 

A  peculiar  disease  has  several  times  prevailed  in  the  Western  States  of 
America,  which  is  caused  by  the  unboiled  (not  by  the  boiled)  milk  of  cows 
affected  with  the  "  trembles,  which  is  supposed  to  be  produced  by  the  cows 
feeding  on  Rhus  Toxicodendron.  In  children  who  get  this  milk-sickness, 
there  is  extreme  weakness,  vomiting,  fall  in  bodily  temperature,  swollen  and 
dry  tongue,  and  constipation.  Boiling  appears  to  remove  the  hurtful  qualities 
of  the  milk.  12  Cases  of  severe  diarrhoea  have  occurred  from  the  use  of  milk 
from  goats  that  had  fed  on  Eupliorhium  ;  this  has  been  observed  at  Malta. 

Milk  may  also  be  a  means  of  conveying  the  poisons  of  enteric  fever,  of 
scarlet  fever,  and  of  diphtheria.  In  the  first,  it  has  probably  usually  arisen 
from  the  watering  of  the  milk  with  foul  water  containing  the  agent,  but  it 

1  Vircliow's  Archiv,  Band  xxxv.  p.  561.  See  also  Eeport  on  Hygiene,  Army  Medical 
Report,  vol.  vi.  p.  385. 

2  See  a  good  case  by  Dr.  Fagan  {British  Med.  Journal,  Nov.  13,  1869).  _ 

3  See  Dr  Thome's  paper  in  the  Report  of  the  Medical  Officer  to  the  Pnvy  Council,  p.  294, 
and  Mr.  Simon's  remarks  on  it,  p.  62.  Also  Report  on  Hygiene,  Army  Med.  Blue  Book 
vol  X  p  223  Dr.  Lawson  Tait's  negative  evidence  against  it  is  exceedingly  strong  {MedvcaL 
Times  and  Gazette,  October  1869) ;  the  disease  was  all  round,  and  the  milk  was  used,  yet  not 
a  case  occurred  which  could  be  referred  to  it.  See  also  Whitmore's  evidence  in  Marylebone 
(British  Medical  Journal,  Oct.  19,%%  ,  ,i,r  j   m-  ^  n^^.n. 

*  A  case  of  the  foot  being  involved  is  recorded  by  Mr.  Amyot  iMed.  Times  and  Gazette, 

^^^'JriFIfed.  Journal,  Nov.  13, 1869.  An  anonymous  writer  in  the  same  Journal,  Sept.  1869, 
adduces  also  a  few  doubtful  cases  (p.  327),  though  his  evidence  is  otherwise  negative. 

6  Medical  Times  and  Gazette,  Jan.  1872. 

7  Edin.  Med.  Journal,  Nov.  1869. 

8  British  Medical  Journal,  May  1872. 

9  Ibid.,  Oct.  1872. 

10  Sanitary  Record,  vol.  ii.  new  series,  p.  425. ! 

^T-  On  Bovine  Ticberculosis  in  Man,  Creighton.  ^  ^i.   ir   y  e/^//. 

12  Boston  Med.  and  Surg.  Journal,  January  1868,  and  Transactions  of  the  Kentucky  State 
Medicine  Society,  quoted  in  Medical  Tim.es  and  Gazette.  There  have  been  many  instances 
in  tlie  last  half  century,  and  they  have  all  been  collected  by  Hirsch. 
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may  possibly  have  in  some  cases  arisen  from  the  typhoid  effluvia  being 
absorbed  by  the  milk,  as  in  the  case  at  Leeds.  The  scarlet  fever  and  diph- 
theria poisons  have  probably  got  into  the  milk  from  the  cuticle  or  throat  dis- 
charo-es  of  persons  alfected  with  those  diseases,  who  were  employed  in  the 
dairy  while  ill  or  convalescent.  Mr.  Ernest  Hart  ^  has  collected  and  tabu- 
lated 50  epidemics  of  enteric  fever,  15  of  scarlet  fever,  and  7  of  diphtheria, 
which  have  been  traced  to  millc  poisoning. 


SECTION  XIL 
BUTTER. 

As  an  article  of  diet,  butter  supplies  to  most  people  the  largest  amount  of 
fat  which  they  take.  Many  persons  take  from  1|-  to  2  oz.  daily,  if  the  butter 
used  in  cooking  be  included,  and  the  average  amount  for  persons  in  easy  cir- 
cumstances is  1  oz.  daily.  Butter  appears  to  be  easily  digested  by  most 
persons,  except  when  it  is  becoming  rancid.  It  then  causes  dyspepsia  and 
diarrhoea,  and  as  a  rule  it  may  be  said  that  decomposing  fats  of  all  kinds 
disagree. 

Composition  and  Examination. 

1.  The  average  amount  of  water  varies  from  5  to  10  per  cent.,  but  may  be 
higher,  even  in  genuine  butter.  Hassallhas  found  as  much  as  15^  per  cent, 
in  fresh,  and  28|  per  cent,  in  salt  butter;  Wanklyn  records  23 "G  per  cent, 
in  fresh  butter  supplied  to  Paddington  Workhouse.  The  retail  dealer,  by 
beating  up  the  butter  in  water,  endeavours  to  increase  the  amount.  This 
can  be  detected  by  evaporation  in  a  water  bath  ;  if  the  quantity  of  water  be 
very  large,  melting  the  butter  will  show  a  little  water  below  the  oil.  An 
unusually  small  amount  of  water  is  suspicious  (Angell),  as  suggestive  of  the 
presence  of  foreign  fat. 

2.  Casein. — All  butter  contains  some  casein,  as  some  milk  is  taken  up  with 
the  cream.  The  best  butter  contains  least.  The  amount  can  be  told  roughly 
by  melting  in  a  test  tube.  The  casein  collecting  at  the  bottom  does'^not 
exceed  one-third  of  the  height  of  the  contents  of  the  tube  in  the  best  butter, 
or  between  one- third  and  one-half  in  fair  butter.  In  bad  butter  it  may  reach 
to  more  than  this.  A  better  plan  is  dissolving  the  fat  by  ether,  washing  and 
then  weighing  the  remainder ;  the  casein  then  weighs  from  5  to  3  grains  in 
every  100  of  very  good  butter.    In  bad  butter  it  is  much  more  than  this. 

The  rancidity  of  butter  is  chiefly  owing  to  changes  in  the  fat,  produced 
apparently  by  alterations  in  the  casein,  and  therefore  the  greater  amount  of 
casein  the  more  the  chance  of  rancidity. 

_  S.  i^'a^.— The  fat  amounts  to  from  86  to  92  per  cent,  of  the  butter.  Butter 
oil  consists  of  volatile  fatty  acids  (butyric,  caproic,  caprylic,  and  capric),  and 
of  non-volatile  acids  (stearic,  palmitic,  and  oleic),  all  combined  with  glycerin. 
In  examining  it,  the  butter  should  be  melted  in  a  beaker-glass  placed  in  hot 
water,  and  the  fat  should  be  poured  off  the  casein,  and  allowed  to  cool.  It 
then  forms  a  solid  and  usually  yellow  mass,  with  the  characteristic  smell  of 
butter,  and  should  be.  further  examined  as  follows  : — 

(a)  Smell,  taste,  and  . colour  of  this  recongealed  fat. — The  smell  and  taste 
are  very  characteristic,  and  with  a  little  care  the  quality  of  butter,  and  even 
ttie  presence  of  some  adulterations,  such  as  mutton  fat,  can  be  determined 
Ihe  cobur  IS  usually  yellowish-white ;  other  fats  are  white,  but  annatto  may 

1  Transactiom  of  the  International  Medical  Congress,  1881,  vol.  iv.  p.  391 
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be  used  for  colouring  them,  or  true  butter  may  be  white,  so  that  the  coloration 
is  not  a  safe  test. 

(b)  Examine  the  recongealed  fat  loithtlip  microscope. — Butter  shows  nothing 
but  oil  globules ;  lard  and  other  fats  often,  but  not  always,  contain  acicular 
and  stellate  crystals  of  margaric  (really  a  mixture  of  palmitic  and  oleic)  and 
stearic  acids,  as  pointed  out  by  Hassall.  Starch  and  other  impurities  may  be 
sometimes  seen,  and  tinged  by  iodine.  The  casein  left  after  the  fat  has 
been  poured  off  shovdd  be  also  examined,  and  starch,  membrane,  or  other  im- 
purities may  be  seen  in  it.  The  polariscope  may  be  used  to  bring  out  more 
strongly  the  stellate  stearic  acid  crystals,  if  present.  Angell  and  Hehner  point 
out  that  even  genuine  butter  sometimes  shows  crystals  after  melting  and  recon- 
gealing  ;  they  therefore  think  the  presence  of  crystals  ground  for  apprehension 
only,  showing  no  more  than  that  the  fat  has  been  melted. 

(c)  Determine  themdting-pointofthe  fat  after  separation  from  the  casein. — 
Some  of  the  fat  should  be  put  into  a  wide  tube,  and  placed  in  an  evaporating 
dish  with  water  ;  a  thermometer  should  be  in  the  water  and  another  in  the 
fat.  Eaise  the  temperature  of  the  water  very  gradually ;  remove  the  lamp 
from  time  to  time,  so  that  the  temperature  of  the  fat  may  rise  slowly.  Note 
the  temperature  when  it  begins  to  melt ;  when  it  is  completely  melted  ;  and 
when  (after  removal  from  the  warm  water)  it  begins  to  recongeal,  and  becomes 
quite  solid.  The  melting-points  are,  however,  not  constant,  owing  to  the 
variable  amounts  of  stearin  and  olein,  and  the  volatile  fatty  acids,  but  still 
they  run  within  tolerably  narrow  limits. 

The  temperature  when  the  fat  is  completely  melted  appeared  to  be  the  most 
marked  point  in  Dr.  Parkes'  experiments.  The  butter  oil  is  most  easily 
melted,  and  requires  the  greatest  amount  of  cooling  before  recongealing ; 
usually  there  is  a  difference,  often  12°  to  15°,  between  the  points  of  com- 
mencing and  completed  fusion.  The  determination  of  the  melting-point  is, 
however,  certainly  more  useful  in  proving  that  the  butter  has  only  slight 
admixture,  than  in  proving  complete  purity,  i.e.,  the  presence  of  a  small 
quantity  of  lard  or  beef  dripping  would  not  raise  the  melting-point  suffi- 
ciently for  detection.  In  the  case  of  beef  dripping,  also,  the  melting-point 
is  rather  close  to  that  of  butter. 


Temperature  ^  of  Melting  and  Solidifying. 


Fusion. 

Solidification. 

« 

Commencing. 

Completed. 

Commencing. 

Completed. 

Butter  oil,  . 
Lard,   .       .       .  • 
Beef  dripping, 
Mutton  dripping, 
Palm  oil,"  . 

Degiees. 

65-68 

76-80 

68-85 

86-100 

81-92 

Degrees. 

80-90 
100-115 
100-120 
140-150 
110 

Degrees. 
70-80 
90-100 
90-100 
120-130 
88 

Deccrees. 
60-82  2 

71-  75 

72-  76 
86-92 

69 

Angell 


and  Hehner^ 


id)  Ancrell  and  Hehner*  recommend  examining  the  sinking-point,  by 
means  of  a  little  glass  bulb  weighted  with  mej-c^7^*°  3-4  grammes ;  the 
mean  sinking-point  of  24  genuine  butters  was  35°'5  C.  (96°  Fahr.),  rangmg 

4  Butter:  its  Analysis  and  Adulterations,  2nd  ed.,  la//. 
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from  34°-3  C.  to  36°-3  C,  (93°-7  Falir.  to  97°-3  Fahr.).  The  butter  is 
melted  and  poured  into  a  test-tube,  and  allowed  to  cool ;  as  it  cools  a  slight 
conical  depression  appears  on  the  surface ;  this  must  be  rendered  even  by 
remeltino-  the  upper  part.  If  other  fats  are  present,  the  depression  is  much 
more  marked.  The  tube,  with  the  bulb  on  the  top  of  the  fat,  is  then  plunged 
into  a  larger  beaker  of  water,  which  is  gradually  heated  until  the  bulb  sinks, 
the  temperature  of  sinking  being  noted  by  means  of  a  thermometer  placed  in 
the  water.  1 

(e)  Another  method,  recommended  by  the  same  chemists,  consists  m  deter- 
mininfT  the  percentage  of  fixed  fatty  acids,  which  seems  to  be  pretty  constant 
in  butter  fat,  forming  about  87-3  per  cent,  of  its  weight;  88-5  being  adopted 
as  a  maximum,  whereas  most  other  fats  give  about  95-5  per  cent., — the  differ- 
ence in  butter  being  made  up  by  volatile  fatty  acids.  The  plan  employed  is 
to  saponify  the  fat  by  boiling  with  caustic  potash  and  water,  to  decompose 
the  soap  with  hydrochloric  acid,  filter  and  wash  with  boiling  water,  and  then 
weigh  the  fatty  acids  remaining  undissolved  on  the  filter.  The  saponification 
is  much  facilitated  by  commencing  the  process  with  methylated  spirit,  as 
suggested  by  Mr.  G.  Turner. 

(/)  The  specific  gravity  of  butter  fats  has  also. been  suggested  by  Mr.  Bell 
as  a  good  means  of  determining  purity.  He  melts  the  fat  at  100°  Fahr.,  and 
weighs  in  a  specific  gravity  bottle.  He  shows  that  the  specific  gravity  of 
ordinary  fats  varies  between  902*83  and  904*56 ;  whilst  that  of  butter  fat 
rarely  falls  below  910,  generally  ranging  between  911  and  913.^ 

4.  Salt  is  added  to  all  butter.  In  fresh  butter  it  should  not  be  more  than 
•5  to  2  per  cent.  (8  grains  per  ounce) ;  in  salt  butter,  not  more  than  8  per 
cent.  (35  grains  per  ounce).  To  determine  the  salt,  wash  a  weighed  portion 
of  butter  thoroughly  with  cold  distilled  water^  and  determine  the  chloride  of 
sodium  by  standard  nitrate  of  silver.  Dr.  Tidy  recommends  incineration  and 
weighing  the  residue ;  he  places  the  limit  at  7  per  cent. 

Ey  this  method  the  amount  of  water,  casein,  oil,  and  salt  will  be  deter- 
mined, and  the  quality  of  the  butter  oil  will  have  been  examined. 

Scheme  for  a  Short  Examination. 

1.  Determine  quality  by  the  taste  and  smell  of  the  whole  butter,  and  of  the 
melted,  poured  oif,  and  recongealed  fat.^ 

2.  When  melting  for  the  fat  in  a  tube,  notice  approximate  amount  of  casein. 

3.  Determine  the  sinking-point  by  Angell's  plan,  or  the  floating-point  by 
Hassall's. 

4.  Examine  butter  and  recongealed  fat  with  microscope,  and  add  a  weak 
solution  of  iodine  to  test  for  starch. 

5.  If  time  and  means  allow,  determine  the  percentage  of  fixed  fatty  acids 
in  the  butter  fat,  by  Angell  and  Hehner's  method,  or 

6.  Determine  the  specific  gravity  by  Bell's  method. 

Adulteratio7is. 

Butter  is  supposed  to  be  frequently  adulterated  with  lard,  and  with  beef, 
mutton,  and  horse  fat,  and  with  vegetable  oils.    In  a  process  devised  by 

1  Hassall  employs  a  converse  plan,  using  a  float  instead  of  a  sinker,  the  temperature  at  which 
It  rises  to  the  suriace  being  notsd  ;  this  generally  occurs  about  2°  C,  or  5° -6  Fahr  lower 
inan  the  sinking-point  above  mentioned.    Other  plans  have  been  proposed  bv  Dr  Triiip  Mr 

mutton,  and  beef  fats  have  two  or  three  allotropic  conditions,  with  different  meltiucr-noints 
\Pharnuiceutical  Journal,  July  22,  1876.  °  pomts. 

in  cons?aupi^'.T'^^^'''^  and  bad  by  the  cream  being  allowed  to  become  sour  before  cliurnin- 
m  consequence  of  dirty  vessels  ;  it  is  a  good  plan  to  stir  up  the  cream  from  time  to  time. 
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M6ge-Mouri6s,'i  fresh  beef  suet  is  converted  into  a  kind  of  butter  (oleo- 
margarine). But  it  is  so  complicated  that  it  would  not  pay  a  dishonest 
tradesman  to  do  it,  and  it  could  only  be  practised  on  a  large  scale. 

A  similar  substance  from  New  York  has  lately  made  its  appearance  in  the 
market  under  the  name  of  Butterine ;  it  appears  to  be  a  wholesome  fat, 
and  as  long  as  it  is  sold  honestly  as  a  substitute  for  butter,  but  not  as  genuine 
butter,  its  introduction  will  probably  be  a  boon  to  many  on  account  of  its 
cheapness.  The  sinking  point  and  the  determination  of  the  amount  of  fixed 
fatty  acids  wovdd  probably  detect  it  when  sold  for  genuine  butter. 

Potato  or  other  starches  are  sometimes  added.  It  is  a  rare  adulteration, 
and  is  at  once  detected  by  iodine,  either  at  once  or  after  melting.  Gypsum 
and  sulphate  of  barium  have  been  added,  it  is  said ;  this  must  be  very  rare, 
and  be  at  once  detected  by  melting  and  pouring  everything  off  the  insoluble 
powder,  or  by  incinerating.    Annatto  is  frequently  used  to  colour  butter. ^ 

Preseroation  of  Butter. — Pouring  water  which  has  been  boiled  over  butter 
will  keep  it  for  some  time ;  but  a  better  plan  is  one  discovered  by  M.  Br^on,-^ 
viz.,  water  acidulated  slightly  (3  grammes  to  1  litre)  with  acetic  or  tartaric 
acid,  is  added,  and  the  whole  is  placed  in  a  close-fitting  vessel.  Sugar  also 
has  a  preservative  effect,  especially  when  mixed  with  a  little  salt. 


SECTION  XIII. 
CHEESE. 

As  a  Article  of  Diet. — It  contains  a  very  large  amount  of  nitrogenous 
matter  in  small  bulk  (p.  200),  and  as  it  is  agreeable  to  the  palate,  it  must  be 
an  excellent  food  for  soldiers  in  war.  About  |-  S)  contains  as  much  nitro- 
genous substance  as  1  tti  of  meat  and  \  oi  a  H)  as  much  fat.  It  does  not, 
however,  keep  well  in  warm  climates. 

Tlie  quality  is  known  by  the  taste.  The  only  adulteration  is  from  sub- 
stances to  give  weight.  Starch  is  chiefly  employed,  and  can  be  detected  at 
once  by  iodine.    There  is  usually  about  5  or  6  per  cent,  of  salt. 

Sulphate  of  copper  and  arsenious  acid  are  sometimes  used  to  destroy  insects  ; 
the  rind  is  then  the  most  poisonous  part.  Copper  is  detected  by  ammonia 
or  potassium  ferrocyanide.  Arsenic  by  any  test  (Reinsch's  or  Marsh's). 
Sometimes  cheese  becomes  sour,  particularly  if  made  from  sheep's  milk,  and 
may  cause  diarrhoea. 

Acarus  domesticus,  Aspergillus  glaucus  (blue  and  green  mould),  and 
Sporendonema  casei  (red  mould),  form  during  decay.  During  decay  the  fat 
aucrments  at  the  expense  of  the  casein ;  leucin  is  produced,  and  valerianic  and 
butyric  acids.  Lactic  acid  is  also  often  produced,  from  the  lactm  of  the  milk 
contained  in  the  cheese.  The  aroma_  of  cheese  partly  arises  from  this  decom- 
position, and  the  production  of  volatile  acids. 


SECTION  XIV. 
EGGS. 


Composition  and  Choice.^A^  egg  weighs  from  600  to  950  grains,  or  even 
more;  the  average  weight  is  about  2  ounces  avoir.  ;  10  parts  are  shell,  bO 

1  Pharmaceutical  Journal,  Oct.  1872.  ,  ,«,-tii  miUr 

2  Angell  and  Heliner  record  two  cases  of  adulteration  by  mixing  vrith  milk. 
'  Payen,  £>es  Subst.  Alim.,  4th  ed.,  p.  179, 
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white,  and  30  yolk ;  the  white  contains  86  pen  cent,  of  water;  the  yolk  52 
per  cent. ;  100  grains  of  egg,  therefore,  contain — 

10    grains  shell. 

22 '8     „     albumen  and  fat. 

67-2     „  water. 


100-0 

If  an  egg  weighs  two  ounces,  it  contains  nearly  200  grains  of  solids ;  this 
is  a  convenient  number  to  remember,  as  100  grains  corres]3ond  to  1  ounce. 

For  choice,  look  through  the  egg ;  fresh  eggs  are  more  transparent  in  the 
centre,  old  ones  at  the  top.  Dissolve  1  ounce  of  salt  in  10  ounces  of  water ; 
-ood  eggs  sink ;  indifferent  swim.    Bad  eggs  will  float  even  in  pure  water. 

Presej-vation. — Eggs  are  packed  in  sawdust  or  salt,  or  are  covered  with  gum, 
butter,  or  oil,  or  placed  in  lime-water,  with  a  little  cream  of  tartar. ^  Boiling 
for  half  a  minute  also  keej^s  them  for  some  time ;  in  fact,  anything  which 
excludes  air.  * 

The  lime-water  gives  them,  it  is  said,  a  peculiar  taste,  and  makes  the 
albumen  more  fluid. 


SECTION  XV. 
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,  For  the  military  surgeon  this  subject  is  so  important,  that  it  is  desirable  to 
put  the  chief  facts  under  a  separate  section. 

It  is  obvious  how  important  it  must  be  in  time  of  war  to  have  a  food  which 
maybe  at  once  nutritious,  portable,  easily  cooked,  and  not  liable  to  deteriora- 
tion. Lind's  sagacious  mind  long  ago  saw  this,  and  he  strongly  urged  the 
advisabihty  of  having  on  board  ship  prepared  food  of  this  kind.  It  must  be 
remembered,  however,  that  a  man  must  get  his  260  to  300,  or  even  350  grains 
of  nitrogen,  and  8  to  12  ounces  of  carbon,  in  each  twenty-four  hours,  besides 
some  hydrogen  and  salts.  The  work  of  the  body  when  in  activity  cannot  be 
carried  on  with  less  ;  and  at  present  these  elements  cannot  be  presented  to  us 
m  a  digestible  form  in  a  smaller  bulk  than  22  or  23  water-free  ounces.  Con- 
centration at  present  cannot  be  carried  beyond  this,  and  practically  has  not 
really  been  carried  to  this  point.  Life,  however,  and  vigonr  may  for  some 
days  be  preserved  with  a  much  less  amount ;  and  the  total  amount  of  food 
has  been  reduced  to  11  water-free  ounces  daily,  with  full  retention  of  strength 
lor  seven  days,  though  the  body  was  constantly  losing  weight.  For  expedi- 
tions of  three  or  four  days,  if  transport  were"^a  matter  of  great  difficulty, 
soldiers  might  be  kept  on  10  or  12  ounces  of  water-free  food  daily,  provided 
they  had  been  fully  fed  beforehand,  and  subsequently  had  time  and  food  to 
make  up  the  tissues  of  their  own  body,  which  would  be  expended  in  the 
time  and  would  not  have  been  replaced  by  the  insufficient  food. 

When  we  inquire  into  the  concentrated  foods  now  in  the  market,  some 
01  which  profess  to  supply  all  the  substances  necessary  for  nutrition  we  find 
them  not  very  satisfactory.    They  are  often  not  so  concentrated  as  they  micrht 
De,or_  are  deficient  m  important  principles,  or  are  disagreeable  to  the  taste' 
_jUnec^Meat.~Meat  dried  at  a  very  low  heat.    It  has  lost  the  greater  part 

^ds  of  ilil^in ^  solution  of  bees-wax  in  warm  olive  oil  a  of  bees-way 
2  Dr  T  P       ^\^^^^eep  tiiem  for  two  jeavs.-Cheviical  News,  August  1865  p  8?  ' 
preslrv^in^  f '?/  '*n'  !f  1800  to  1855  there  were  177  patents  taken  out  for  drvin^  and 
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of  its  water,  is  hard,  and  requires  very  careful  cooking,  but  is  'believed  to  be 
nutritious  when  well  prepared. 

Messrs.  M'Call  of  London  have  prepared  an  excellent  dry  meat ;  it  is  sold 
in  packets,  each  of  which  weighs  4  oz.,  and  is  intended  for  one  meal.  It 
contains  salt  and  pepper,  and  12  per  cent,  of  water. 

Ilassall'd  Flour  of  Meat— Cxood  fresh  meat,  freed  from  visible  fat,  is  care- 
fully dried  at  a  very  low  temperature,  and  is  pulverised  by  machinery,  so 
that  a  very  fine  smooth  powder  is  formed.  This  is  mixed  with  about  8  per 
cent  of  arrowroot,  2^  per  cent,  of  sugar,  and  3  per  cent,  of  a  mixture  of  salts, 
pepper,  spices,  and  colouring  matter.  The  object  of  the  arrowroot  is  to  assist 
its  suspension  in  water.  When  to  this  substance  bread  and  a  fair  amount 
of  fatty  and  vegetable  foods  is  added,  it  seems  to  answer  well.  It  keeps  very 
well ;  but  if  the  open  tins  are  exposed  to  the  air,  after  several  months  it 
sliohtly  changes  colour,  and  then  acquires  a  peculiar  odour.  Subsequently 
it  "decomposes.  But  if  well  fastened,  it  will  keep  for  a  very  long  time. 
Dr.  C.  A.  Meinerti  has  also  brought  out  a  flojir  or  powder  of  meat 
(Fleischpulver),  which  is  well  spoken  of. 

Under  the  terms  Tasajos  and  Charqni,  two  kinds  of  meat  are  prepared 
in  South  America  ;  it  is  probable  that  these  terms  have  not  always  been  used 
in  the  same  sense.  According  to  Mr.  Bridges  Adams,  Tasajos  is  meat  cut  iq 
thin  slices,  dipped  in  brine,  and  then  partially  dried.  Charqui  is  thin  strips 
of  muscular  fibre  from  which  the  fat  is  removed,  dried  rapidly  by  sun  heat, 
and  sprinkled  with  maize. 

The  dried  meat  of  the  Kaffirs  (beltong)  is  very  much  the  same ;  grr^at 
hunks  of  beef  are  sun-dried,  and  remain  iindecomposed  for  a  long  tune.  So 
also  in  Egypt  the  meat  is  dried  by  exposure  to  the  sun  and  north  wind. 

The  Pemmican  of  the  Arctic  voyagers  is  a  mixture  of  the  best  beei  and  tat 
dried  tocrether,  and  is  an  excellent  food,  though  rather  expensive.  Sugar  is 
sometimes  added,  and  sometimes  raisins  and  currants  ;  the  latter  would  be 
a  verv  desirable  addition  where  there  was  a  deficiency  of  vegetable  food.  _ 

Liebi^'s  Extradum  Carnis  is  the  juice  of  meat  extracted  on  the  following 
T3lan  —Every  particle  of  meat  is  separated  from  fat  and  tendons,  and  is  then 
subiected  for  some  time  to  a  moderate  heat ;  a  viscid  dark  extract  at  last 
collects,  which  contains  the  salts,  creatin,  and  other  organic  nitrogenous  sub- 
stances Mixed  with  warm  water,  this  extract  gives  a  highly  agreeable  and 
mlitious  beef-tea  or  mutton  broth.  One  S,  of  mutton  gives  about  two-fifths 
of  an  ounce  of  extract.  It  has  the  remarkable  quality  of  not  decomposmg  ; 
Liebicr  had  some  for  fifteen  years  in  a  bottle  loosely  stoppered. 

There  are  now  numerous  samples  of  Extractum  Garms  m  the  market 
prepared  in  South  America  and  Australia.    The  majority  have  an  almost 

Sg'f  e";act  is  taken  during  fatigue,  it  is  found  to  be  remarkably 
wnenx^iB  o  ^  removing  the  sense  of 

^m^S^^^.  Mixed  with  wine,  it  has  been  employed 
tatigue  10/^°;;;^^  •    .  collapse  from  wounds.    As,  however, 

Tl  ot:ZZ:^  Z:in  the  Extract!  are  not  in  the  form  of  albumin 
or  fibrin  bT^^  other  compounds  (creatin,  extractives  soluble  m  water  and 
alco^l)  it  has  been  supposed  that  the  nitrogen  is  no   capable  of  being 

"^ll^^d  if™:  a  ^ndteiTXh  increases  the  power  of  the  stomach  t. 


consi 


T>    rt  A  Moiiipvl-  Berlin  1880.    This  work  coutaius 

1  Ar^nee-und  V?lf-Ernc<^:V^^^^^^^ 
a  great  amount  oi  mtonnation  on  tUe  suojeci  oi  iwu,  ao 
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digest  vegetable  food;  and  Horsclielmanii,i  who  _ does  not  consider  it  a  sub- 
stitute far  meat,  yet  thinks  that  it  aids  in  digesting  hard  meat,  and  that  the 
meat  ration  can  be  lessened  when  it  is  used.  By  some  its  action  has  been 
compared  to  that  of  tea  and  coffee,  but  there  does  not  appear  to  be  any  close 

^%Vhen  taken  in  very  large  doses,  the  extract  (like  large  quantities  of  meat) 
does  sometimes  cause  heaviness  and  torpor,  and  this  has  been  ascribed  to  the 
potash  salts,  but  it  may  be  a  question  whether  it  is  not  owing  to  the  excess 
of  the  nitrogenous  extractive  matter. 

About  230  grains  of  extract  in  one  pint  of  water  are  nearly  equal  to  a 
pint  of  beef-tea  made  from  /oths  lb  of  fresh  beef  ;  fths  ounce  of  extract  in 
one  pint  are  equal  to  a  pint  made  from  1  K)  of  fresh  beef.  There  is,  how- 
ever, a  general  opinion  that  the  extract  beef-tea  is  not  so  good  as  that  made 
at  once°from  fresh  beef  j  a  mixture  of  the  two  is  well  spoken  of. 

The  "  concentrated  beef -tea"  is  beef-tea  and  the  juices  of  the  compressed 
beef  mixed  and  evaporated.  This  is  a  highly  nutritious  substance,  and  most 
useful  to  the  army  surgeon.  Mixed  with  wine,  and  given  as  soon  as  possible 
after  wounds  are  received,  in  the  time  of  shock  and  collapse,  it  was  found  in 
the  Austrian  army  (in  1859)  to  save  the  lives  of  many  wounded  men,  and 
the  experience  of  the  Federal  American  Army  was  to  the  same  effect  (Ham- 
mond).   Extradum  Carnis  is  now  made  also  by  pressure  without  heat. 

Johnston's  Fluid  Beef  contains  a  large  proportion  of  the  fibrin  of  meat,  in 
addition  to  the  juices.    It  appears  to  be  a  good  preparation. 

Extract  of  Mutton. — An  Australian  extract  of  mutton  is  now  sold,  which 
is  more  solid  than  Liebig's  extract,  and  differs  from  it  in  containing  much  fat, 
It  is  a  very  good  preparation. 

Belled' s  Extract  of  Meat? — This  contains  the  juice  of  cooked  vegetables  in 
addition  to  that  of  meat.  A  little  less  than  an  ounce  (25  grammes)  in  If 
pint  (1  litre)  of  water  makes  a  good  beef-tea. 

Edward' s patent  desiccated  ^S'owp consists  of  a  mixture  of  beef  and  vegetables; 
is  easily  prepared  by  boiling  in  water,  about  an  ounce  to  a  pint  of  water; 
it  was  well  spoken  of  in  the  Ashantee  war. 

Meat  Biscuits. — These  biscuits  or  powders,  for  they  are  generally  powdered 
and  sold  in  canisters,  are  formed  by  mixing  rich  extract  of  meat  with  wheat 
flour,  and  drying.  They  were  very  much  used  in  the  American  war.  In  some 
cases  the  meat  is  so  much  dried  as  to  be  quite  indigestible. 

Meat  biscuits  can  be  made  in  a  very  simple  way,  by  mixing  together, 
cooking,  and  baking  1  lb  flour,  1  lb  meat,  \  lb  fat  (suet),  \  %  potatoes,  with  a 
little  sugar,  onion,  salt,  pepper,  and  spices.  A  palatable  meat  biscuit,  weigh- 
ing about  1:1  fi),  containing  10  to  12  percent,  of  water,  is  then  obtained, 
which  keeps  quite  unchanged  for  four  months. 

Pea  Hausage. — In  the  Franco-German  war  the  Germans  made  great  use  of 
a  pea  sausage,  made  by  mixing  pea-tlour  and  fab  pork,  with  a  little  salt.  It 
is  ready  cooked,  but  can  be  made  into  a  soup.  It  was  much  relished  for  a 
few  days,  but  the  men  got  eventually  tired  of  it,  and  in  some  it  produced 
flatulence  and  diarrhoea. 

Flour  Sausages. — A  mixture  of  pork  and  wheat  floiu'  has  been  used  in  the 
same  way. 

Maize  and  Beef.- — The  Germans  in  1870  made  also  use  of  mixture  of  maize 
and  beef,  which  appears  to  have  been  much  liked. 

Dried  Cerealia. — Many  flours,  if  well  dried,  will  keep  for  a  long  time. 


1  Schmidt's  Jahrh.,  Jan.  1872,  p.  21. 

-  Poggiale,  Rec.  cle  Mm.  deMil.  MUit.  Avril  1868,  p.  268. 
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There  are  now  in  the  market  different  kinds  of  malt  biscuit  and  granulated 
malt  food.  Liebig's  food  for  infants  is  composed  of  equal  parts  of  wlieateu 
Hour  and  malt  flour  mixed  with  a  little  potassium  carbonate  and  cooked  with 
10  parts  of  milk.  The  wheat  and  malt  flour  are  usually  cooked,  and  sold 
in  powder  ready  to  be  boiled  with  the  milk. 

Dried  Bread. — In  addition  to  biscuit  already  described,  bread  has  been 
partially  dried  by  being  pressed  in  an  hydraulic  press  (method  of  Laignel). 
Much  water  flows  out,  but  when  taken  out  the  bread  still  feels  moist.  In  a 
day  or  two,  however,  it  becomes  as  hard  as  a  stone,  and  in  a  year's  time  will 
be  found  good  and  agreeable.  Placed  in  water,  it  slowly  swells.  The  "  pain 
biscuits  "  of  the  French  army  is  bread  dried  by  heat. 

Dried  Potatoes  are  sold  in  two  forms — slices  and  granulated.  In  eithei- 
case  the  potato  is  easily  cooked;  and  is  very  palatable.  It  should  be  soaked 
in  cold  water  first  for  some  time,  then  slowly  boiled,  or,  what  is  much  better, 
steamed.  The  directions  for  cooking  Edward's  preserved  potato  (which  is 
granulated)  are  :  "  To  three  quarters  of  a  pound  add  about  one  quart  of 
boiling  water,  stirring  it  at  the  same  time ;  cover  it  closely ;  the  basin  or 
vessel  used  should  be  kept  hot ;  let  it  stand  for  ten  minutes ;  then  well  mash, 
adding  butter,  salt,  &c.,  at  discretion. "  It  is  stated  to  be  equal  to  six  times 
its  bulk  of  the  fresh  vegetable,  but  this  is  hardly  borne  out  by  analysis  :  four 
times  is  as  high  as  it  would  be  safe  to  allow.  The  analyses  made  by  Professor 
Attfield  and  Dr.  de  Chaumonti  show  that  a  5)  of  preserved  potato  contains 
the  solid  matter  of  only      Bb  of  ordinary  fresh  potatoes. 

Dried  Vegetables  {other  than  Potatoes). — Dried  and  compressed  vegetables 
of  all  kinds  (peas,  cauliflowers,  carrots,  &c.)  are  now  prej)ared,  especially  by 
Messrs.  Masson  and  Challot,  so  perfectly  that,  if  properly  cooked,  they  furnish 
a  dish  almost  equal  to  fresh  vegetables.  Professor  Attfield  found  that  dried 
compressed  cabbage  contained  the  solids  of  seve7i  times  its  weight  of  fresh 
cabbage,  whilst  the  mixed  vegetables  contained  Jive  and  a  half  times  tin 
solids  of  the  fresh  vegetables.  They  must  be  cooked  very  slowly.  If  then 
is  any  disagreeable  taste  from  commencing  putrefaction,  which  is  very  rare,  i 
little  chloride  of  lime  removes  it  at  once.  Potassium  permanganate  can  h^ 
also  used  for  this  purpose. 

As  anti-scorbutics  they  are  said  to  be  inferior  to  the  fresh  vegetahL' 
(experience  of  American  war),  but  are  still  much  better  than  nothing.- 

Preserved  Vegetahles,  that  is,  vegetables  preserved  in  their  natural  condi- 
tion (cooked),  are  much  to  be  preferred,  both  as  being  more  palatable  and  as 
being  more  nutritious  and  better  anti-scorbutics.  They  occupy,  however, 
much  greater  bulk. 

Dried  Milk. — Preserved  Milk  is  sold  in  a  liquid  form,  but  is  also  sold  as  a 
powder,  which  is  very  well  prepared. 

Concentrated  Milk— Milk  is  evaporated  at  low  steam  heat  to  the  consistence 
of  a  thick  syrup,  and  white  sugar  is  added.  After  opening  the  tins  the  samples 
remain  good  for  over  a  month. 

Dried  PJggs.—The  yolk  is  not  easily  kept  after  drying,  but  the  white  can 
be  so ;  it  is  cut  into  thin  scales,  and  forty-four  eggs  make  about  1  lb.  The 
yolk  and  white  are  also  mixed  with  flour,  ground  rice,  &c.,  and  are  then  dried. 

'i-  Renort  of  Committee  011  Scurvy,  l^n.  f 
2  Professor  Attfield  [loc.  cit.)  considers  that  m  the  compressed  vegetables  some,  at  least, 
of  the  juice  is  lost  in  the  preparation,  probably  by  pressiu-e. 
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CHAPTER  VII. 
BEVERAGES  AND  CONDIMENTS. 

SECTION  I. 

ALCOHOLIC  BEVERAGES. 

Although  it  is  convenient  to  place  all  the  beverages  wliicli  contain  Alcohol 
under  one  heading,  they  yet  differ  materially  in  composition  and  effects. 

Sub-Section  I. — Beeb. 

Composition. — The  law  formerly  allowed  only  malt  and  hops  to  be  used 
in  brewing,!  i,^^^  sugar  (under  the  name  of  saccharum)  is  now  largely  substi- 
tuted, as  well  as  bitter  substances  other  than  hops. 

The  specific  gravity  varies  from  1006  to  1030,  or  even  more,  in  the  thick 
German  beers  ;  the  average  in  English  beers  and  porters  is  from  1010  to  1014. 
The  percentage  of  extract  (dextrin,  cellulose,  sugar,  lupulite,  and  hop  resin)  is 
from  4  to  15  per  cent,  in  ale,  and  from  4  to  9  per  cent,  in  porter.  It  is  least 
in  the  bitter,  and  highest  in  the  sweet  ales.  The  alcohol  varies  from  1  to  10 
per  cent,  in  volume.  The  free  acidity  which  arises  from  lactic,  acetic,  gallic, 
and  mahc  acids,  ranges  (if  reckoned  as  glacial  acetic  acid)  from  18  to  45  grains 
per  pint.  The  sugar  has  a  great  tendency  to  form  so-called  glucinic  (or  glucic) 
;icid  (CigHj^Og).  There  is  a  small  quantity  of  albuminous  matter  in  most 
beers,  but  not  averaging  more  than  '5  per  cent.  The  salts  average  *!  to  '2 
per  cent.,  and  consist  of  alkaline  chlorides  and  phosphates,  and  some  earthy 
phosphates.  There  is  a  small  amount  of  ammoniacal  salt.  The  dark  beers, 
or  porters,  contain  caramel  and  assamar.  Pree  carbon  dioxide  is  always 
more  or  less  present;  the  average  is  "1  to  "2  parts  by  weight  per  cent.,  or 
about  If  cubic  inch  per  ounce.    Volatile  and  essential  oils  are  also  present. 

Adopting  mean  numbers,  1  pint  (20  ounces)  of  beer  will  contain  : — 

Alcohol,      ......  1  ounce. 

Extractives,  dextrin,  sugar,    .       .       .  1'2  „   (524  grains). 

Eree  acid,     .       .       .       .       .       .  25  grains. 

Salts,   13  grains. 

Physiological  Action. — The  action  on  tissue  metamorphosis,  so  far  as  is 
known,  is  supposed  to  be  one  of  lessened  excretion ;  the  urea  and  pulmonary 


1  In  the  Licensing  Act  (1872),  clause  19  contains  penalties  for  using  any  deleterious  sulDstance 
for  mixing  with  liquors  sold  by  persons  having  licences  under  the  Act,  and  in  the  first  schedule 
to  the  Act  is  a  list  of  deleterious  ingredients,  viz.  : — "  Cocculus  indicns,  chloride  of  sodinni 
(otherwise  common  salt),  copperas,  opium,  Indian  hemp,  strychnine,  tobacco,  darnel  seed, 
extract  of  logvvood,  salts  of  zmc  or  lead,  alum,  and  any  other  extract  or  compound  of  any  of 
the  above  ingredients."  Several  articles,  which  are  supposed  to  be  used  as  adulterants,  are 
omitted  from  this  list. 
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carbon  dioxide  being  both  decreased.  If  this  be  the  case,  it  is  not  owing  to 
the  alcohol,  at  least  in  moderate  dietetic  doses,  but  to  some  of  the  other 
ingredients  ;  but  the  experiments  require  repetition. ^  On  the  nervous  system 
the  action  is  probably  the  same  as  that  of  alcohol.  The  peculiar  exhausting 
or  depressing  action  of  beer  taken  in  large  amount  has  been  ascribed  by 
Ranke-  to  the  large  amount  of  potash  salts,  but  probably  the  other  con- 
stituents (especially  the  hop)  are  also  concerned. 

When  beer  is  taken  in  daily  excess,  it  produces  gradually  a  state  of  fulness 
and  plethora  of  the  system,  which  probably  arises  from  a  continual,  though 
slight  interference  with  elimination,  both  of  fab  and  nitrogenous  tissues. 
When  this  reaches  a  certain  point,  appetite  lessens,  and  the  formative  power 
of  the  body  is  impaired.  The  imperfect  oxidation  leads  to  excess  of  partially 
oxidised  products,  such  as  oxalic  and  uric  acids.  Hence  many  of  the 
anomalous  affections,  classed  as  gouty  and  bilious  disorders,  which  are 
evidently  connected  with  defects  in  the  regressive  metamorphosis. 

The  question,  what  is  excess  ?  is  not  easy  to  answer,  and  will  depend  both 
on  the  composition  of  the  beer,  and  on  the  habits  of  life  of  those  who  take 
it ;  but  judging  from  the  amount  of  alcohol  which  is  allowable,  from  one  pint 
to  two  pints,  according  to  the  strength  of  the  beer,  is  a  sufficient  amount  for 
a  healthy  man. 


EXAMINATION  OF  BEER. 

This  is  directed  to  ascertain— 1.  Quality ;  2.  Adulterations. 


1.  Quality. 

Physical  Characters.— ThQ  beer  should  be  transparent,  not  turbid. 
Turbidity  arises  from  imperfect  brewing  or  clarifying,  or  from  commencmg 
changes.  If  the  latter,  the  acidity  will  probably  be  found  to  be  increased. 
The  amount  of  carbon  dioxide  disengaged  should  neither  be  excessive  nor 

deficient.  ,  .  i     u      4.  t. 

The  taste  should  be  pleasant.    If  _  bitter,  the  bitterness  should  not  be 

persistent.    It  should  not  taste  too  acid. 

Smell  oives  no  indication  till  the  changes  have  gone  on  to  some  extent. 

If  theiS  is  any  turbidity,  microscopic  examination  will  detect  the  presence 
of  abnormal  organisms,  as  figured  by  Pasteur. ^  ,   ,  ,  •  ,i  -^^^ 

2.  Determint  Bi^ecific  Gravity.-li  this  is  done  after  the  alcohol  is  duven 
off,  an  approximate  conclusion  can  be  formed  of  the  amount  of  solids  by 
dividing  by  4  the  excess  of  the  specific  gravity  over  1000.  The  more 
extract,°the  greater  is  the  body  of  the  beer.  ;„or^n«p  nf 

.3  Determine  Acidity. -"Jlhi^  is  a  very  important  matter,  as  the  increase  of 
acidity  is  an  early  effect  when  beer  is  undergoing  changes. 

The  acidity  of  the  beer  consists  of  two  kinds. 

Volatile  Acids,  viz.,  acetic  and  carbonic.  _  <,nlnbiiric  if 

Non-Volatile  Acids,  viz.,  lactic,  gaUic  or  tannic,  malic,  and  sulphuric,  it 

it  has  been  added  as  an  adulteration.  .„i„f;n.n  nf  known 

To  determine  the  acidity  of  beer  we  must  use  an  alkaline  ^  f  J^^^^ 
strength,  1  C.C.  of  which  is  equal  to  6  BiiUigrammes  of  glacial  acetic  acid 

(C2H4O2),  or  to  9  milligrammes  of  lactic  acid  (mieUgj.  

IJ-^^  diminishes  both 

the  pulmonary  carbonic  acid  and  urea. 
2  Phys.  des  Menschcn,  1868,  p.  139. 
'  Etudes  sur  la  Bidrc,  1876,  plate  i.  p.  6. 
■*  See  Appendix  A. 
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Take  10  C  C  of  the  beer  to  be  examined  and  drop  into  it  the  alkaline 
sohition  from  a  burette,  till  exact  neutrality  (as  tested  by  turmenc  and  litmus 
papers)  is  reached.  Then  read  off  the  number  of  C.G.  of  alkaline  solution 
used  •  multiply  by  6,  and  the  result  will  be  the  amount  of  total  acidity  m 
the  quantity  of  beer  operated  on,  expressed  as  milligrammes  of  glacial  acetic 
acid  (the  symbols  being  always  used  in  the  report).  By  shifting  the  decimal 
point  two  places  to  the  right,  the  amount  per  litre  is  given.  To  bring 
grammes  per  litre  into  grains  per  pint  multiply  by  70,  and  divide  by  20  ;  or, 
what  is  the  same  thing,  multiply  at  once  the  number  of  C.G.  of  alkaline 
solution  used  by  5*25  (short  factor). 

The  total  acidity  can  be  divided  into  fixed  and  volatile  by  evaporation. 
While  the  total  acidity  is  being  determined,  evaporate  another  measured 
quantity  of  beer  to  one-third,  make  up  to  the  original  bulk  with  distilled 
water,  and  determine  the  acidity.  The  acetic  and  carbonic  acids  being 
volatile  are  driven  off,  and  lactic  and  other  acids  remain.  Deduct  the 
amount  of  alkaline  solution  used  in  this  second  process  from  the  total  amount 
used,  and  tbis  will  give  the  amount  used  for  the  volatile  and  fixed  acidities 
respectively  j  express  one  in  terms  of  acetic,  the  other  of  lactic  acid.  Short 
factor  for  lactic  acid  -  7-875.  The  fixed  acidity  is  greater  than  the  volatile 
in  almost  all  beers,  and  sometimes  five  or  six  times  as  much. 

Example.- — 10  C.G.  of  beer  took  5  G.G.  of  alkaline  solution:  5  x  5-25  = 
26-45  grains  of  glacial  acetic  acid  per  j)int  =  total  acidity. 

After  boiling  and  making  up  to  original  bulk  with  distilled  water,  10 
C.G.  took  4  G.C.  of  alkaline  solution:  4x  7-875  =  31-5  grains  of  lactic  acid 
per  pint  =  fixed  acidity.  The  diiference  between  the  amounts  of  alkaline 
solution  used,  5-4  =  1  multiplied  by  5  25,  gives  the  volatile  acidity. 

Generally  speaking,  the  amount  of  total  acidity  of  beer  given  in  books  is 
too  great.  It  is  seldom  found  to  be  more  than  30  grains  per  pint,  and  even 
rarely  reaches  that ;  sometimes  it  is  not  more  than  14  or  15  grains.  In  thirty- 
one  kinds  of  porter  and  stout,  the  acidity  per  pint  varied  from  25-22  grains 
(the  highest)  to  14-14  grains  (the  lowest  amount).  In  twenty -three  kinds 
of  ale,  the  highest  and  the  lowest  amounts  per  pint  were  34-39  and  7-97  per 
grains.^ 

4.  Determine  Amount  of  Alcohol. — There  are  various  ways  of  doing  this, 
but  one  of  the  two  following  will  be  sufficient. 

Measure  a  certain  quantity,  say  one  pint  of  beer,  and  take  the  specific 
gravity  at  60°  or  68°  Fahr.^  1st,  Put  into  a  retort  and  distil  at  least  two- 
thirds.  Take  the  distillate,  dilute  to  original  volume  with,  distilled  water, 
determine  the  specific  gravity  at  60°  or  68°  by  a  proper  instrument,  and  then, 
refer  to  the  annexed  table  of  specific  gravities — opposite  the  found  sj)ecific 
gravity  the  percentage  of  alcohol  is  given  in  volume  (not  in  loeight). 

2d,  Then,  to  check  this,  a  plan  recommended  by  Mulder  may  be  used. 
Take  the  residue  of  the  beer  in  the  retort,  dilute  witb  water  to  the  original 
volume,  and  take  the  specific  gravity  at  60°  or  68°. 

Then  deduct  the  specific  gravity  before  the  evaporation  from  the  specific 
gravity  after  it,  take  the  difference,  and  deduct  this  from  1000  (the  specific 
gravity  of  water),  and  look  in  the  table  of  specific  gravities  for  the  number 
thus  obtained ;  opposite  will  be  found  the  percentage  of  alcohol.  The  results 
of  tlwse  two  methods  should  be  identical. 

If  there  is  no  retort,  this  second  plan  may  be  used  with  a  common 


1  ryrUish  Medical  Journal,  June  1870. 

2  Hassan  recommends  previous  removal  of  COg,  by  shaking  up  in  a  corked  bottle  for  ten 
mmntes,  openmg  the  bottle  from  time  to  time,  and  sucking  air  through  it  with  a  tube  This 
IS  more  necessary  with  bottled  than  draught  beer.  a,  buuc. 
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evaporating  disli,  tlio  alcohol  being  sufTered  to  escape.  A  common  urinometer 
(tested  for  correctness  in  the  first  place  by  immersion  in  distilled  water  at 
62°  Fahr.)  may  be  employed  for  determining  the  specific  gravity.  The  plan 
is  very  useful  for  medical  officers ;  it  requires  nothing  but  a  urinometer 
and  evaporating  dish,  with  reasonable  care  and  slowness  of  evaporation, 
so  as  not  to  char  the  residue  and  render  it  insoluble. 

Alcohol  {Volume)  accordinrj  to  Specific  Gravity. 


100  parts. 

Specific  Gravity. 

100  parts.  1 

Specific  Gravity. 

Alcohol. 

Water. 

At  68°. 

At  60'. 

Alcohol. 

Water. 

At  68°. 

At  60°. 

50 

50 

0-914 

0-917 

24 

76 

0-966 

0-968 

49 

51 

0-917 

0-920 

23 

77 

0-968 

0-970 

48 

52 

0-919 

0-922 

22 

78 

0-970 

0-972 

47 

53 

0-921 

0-924 

21 

79 

0-971 

0-973 

46 

54 

0-923 

0-926 

20 

80 

0-923 

0-974 

45 

55 

0-925 

0-928 

19 

81 

0-974 

0-975 

44 

56 

0-927 

0-930 

18 

82 

0-976 

0-977 

43 

57 

0-930 

0-933 

17 

83 

0-977 

0-978 

42 

58 

0-932 

0-935 

16 

84 

0-978 

0-979 

41 

59 

0-934 

0-937 

15 

85 

0-980 

0-981 

40 

60 

0936 

0-939 

14 

86 

0-981 

0-982 

39 

61 

0-938 

0-941 

13 

87 

0-983 

0-984 

38 

62 

0-940 

0-943 

12 

88 

0-985 

0-986 

37 

63 

0-942 

0-945 

11 

89 

0-986 

0-987 

36 

64 

0-944 

0-947 

10 

90 

0-987 

0-988 

35 

65 

0-946 

0-949 

9 

91 

0-988 

0-989 

34 

66 

0-948 

0-951 

8 

92 

0-989 

6-990 

33 

67 

0-950 

0-953 

7 

93 

0-990 

0-991 

32 

68 

0-952 

0-955 

6 

94 

0-992 

0-992 

31 

69 

0-954 

0-957 

5 

95 

0-994 

0-994 

30 

70 

0-956 

0-958 

4 

96 

0-995 

0-995 

29 

71 

0-957 

0-960 

3 

97 

0-997 

0-997 

28 

72 

0-959 

0-962 

2 

98 

0-998 

0-998 

27 

73 

0-961 

0-963 

1 

99 

0-999 

0-999 

26 

74 

0-963 

0-965 

0 

100 

1-000 

1-000 

25 

75 

0-965 

0-967 

Alcohol  is  sometimes  stated  as  iveiglit  in  volume.  TheioUowmg  table  shows 
tolerably  accurately  the  relation  between  the  two  and  the  relative  amount  of 
proof-spirit,  so  that  a  little  calculation  will  reduce  one  table  into  another  it 
desired.  In  other  words,  if  the  percentage  of  alcohol  in  volume  be  multiplied 
bv  -8  the  weiqht  of  the  alcohol  is  given  per  cent.  If  the  percentage  of 
alcohol  in  weiqht  is  multiphed  by  1  '25,  the  volume  is  given.  If  the  percentage 
rolume  of  alcohol  be  multiplied  by  1-76,  the  amount  of  proof-spint  is  given.i 


Per  cent, 
in  Volume. 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 


Per  cent, 
in  Weight. 

•8 

1-  6 

2-  4 

3-  2 

4-  0 

4-  8 

5-  6 

6-  4 

7-  2 

8-  0 


Proof  Spiiit. 

1-76 

3-54 
5-35 

7-  00 

8-  80 
10-56 
12-32 

14-  00 

15-  76 
17-60 


1  For  method  of  testing  by  Sykes'  hydroiuetev,  see  Appendix. 


ADULTERATIONS  OF  BEER. 


281 


5.  The  solids  can  be  determined  by  evajDoration,  and  the  ash  obtained  by- 
incineration  ;  but  medical  officers  will  seldom  have  occasion  to  do  this.  The 
specific  gravity  of  the  de-alcoholised  beer  gives  a  sufficient  approximation. 

6.  Evaporate  the  beer  to  a  syrupy  consistence ;  it  should  have  a  pleasant 
bitter  taste. 

The  points,  then,  to  be  determined  in  judging  of  quality  are — 1.  Taste ; 
3.  Appearance ;  3.  Microscopic  characters ;  4.  Specific  gravity  of  de-alcoholised 
beer,  from  which  we  find  the  per  cent,  of  extract ;  5.  Acidity ;  6.  Amount  of 
alcohol ;  7.  Taste  of  syrupy  extract. 


2.  Adulterations  of  Beer.^ 

1.  Water. — Probably  the  most  frequent  adulteration  ;  detected  by  taste  ; 
determining  amount  of  alcohol  and  specific  gravity  of  the  beer  free  from 
alcohol, 

2.  Alcohol — Seldom  added  ;  the  quantity  of  alcohol  is  large  in  proportion 
to  the  amount  of  extract,  as  determined  by  the  specific  gravity  after  separation 
of  the  alcohol. 

3.  Sodium  or  Calcium  Carhonate  in  order  to  lessen  Acidity. — Neither 
adulteration  can  be  detected  without  a  chemical  examination.  Evaporate 
beer  to  a  thick  extract,  then  put  in  a  retort,  acidulate  with  sulphuric  acid, 
and  distil;  if  calcium  or  sodium  acetate  be  present,  acetic  acid  in  large 
quantity  will  pass  over.  The  extract  always  contains  some  acetate,  but  only 
in  small  quantity. 

Z,me.— Evaporate  to  dryness  another  portion  of  beer,  incinerate,  dissolve 
m  weak  acetic  acid,  and  precipitate  by  ammonium  oxalate.  In  unadulterated 
beer  the  precipitate  is  moderate  only. 

Excess  of  soda,  for  some  always  exists  in  beer,  is  detected  with  much 
greater  difficulty,  and  it  will  be  well  not  to  attempt  this.  Mulder  states 
that  the  presence  of  too  great  a  quantity  of  lactates  may  be  determined  by 
boihng  the  beer  with  zinc  carbonate,  when  lactate  of  zinc  deposits.^  In 
these  cases  the  beer  has  begun  to  change,  and  the  microscope  and  reference 
to  Pasteur's  plate  will  greatly  assist. 

4.  Sodiu7n  Chloride.—This  is  hardly  an  adulteration,  unless  a  very  large 
quantity  IS  added. 3  Take  a  measured  quantity  of  the  beer;  evaporate  to 
dryness ;  mcinerate  at  as  low  a  heat  as  possible  ;  dissolve  in  water,  and 
determme  the  chlorine  by  the  standard  solution  of  nitrate  of  silver. 

5_.  Ferrous  Sulphate.— lithe  beer  be  light-coloured,  a  mixture  of  potassium 
temcyanide  and  ferrocyanide  (Faraday's  test)  may  be  added  at  once,  and 
will  give  a  precipitate  of  Prussian  blue;  if  the  beer  be  very  dark-coloured,  it 
must  be  decolorised  by  adding  solution  of  lead  subacetate  and  filtering. 

Ur  evaporate  a  portion  of  beer  to  dryness  and  incinerate ;  if  any  iron  be 
present  the  ash  is  red ;  dissolve  in  weak  nitric  acid,  and  test  with  potassium 
terrocyanida  Two  grains  of  ferrous  sulphate  to  nine  gallons  of  water  give 
a  red  ash  (Hassall).  The  ash  of  genuine  porter  is  always  white,  or  grevish 
wnite  (Hassall).  '      o  j 


statS     nt  f  the  House  of  Lords  (April  17,  1872,  Tivies'  report),  Lord  Kimberlev 

^  rai  nf  ^^''^i^^^H^}}  is  as  follows  :-A  certain  amount  of  beer  is  dra™i  from 

IrnlZ  )     ^1  ^""^        6  lb  of  "  foots"  (a  black  coarse  sugar),  U  gallon  of  "finii^l'' 

i-rsif  "'."74? '  -'^ -^-s 

3        J  ^^^^^^  (French  edition),  1861,  p.  258 
liie  Inland  Revenue  Office  allows  50  grains  of  sodium  chloride  per  gallon. 
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6.  Sulphuric  acid  is  added  to  clarify  beer,  and  to  give  it  the  hard  flavour 
of  age.  If  the  beer  be  pale,  add  a  few  drops  of  hydrochloric  acid,  and  test 
with  barium  chloride.  A  very  dense  precipitate  may  show  that  sulphuric 
.xcid  has  been  added,  but  it  must  be  remembered  that  the  water  used  in 
browin"  may  contain  largo  quantities  of  sulphates.  (The  Lurton  spring 
water  is  rich  in  calcium  sulphate.)  If  there  be  a  large  precipitate,  then 
determine  the  acidity  of  the  beer  before  and  after  evaporation ;  if  the 
amount  of  fixed  acid  be  found  to  be  very  large,  there  will  be  no  doubt 
that  sulphuric  acid  has  been  added;   or  precipitate  with  baryta,  and 

"^""Mulder  recommends  that  the  extract  of  the  beer  be  heated,  and  the 
sulphur  dioxide  which  is  disengaged  led  into  chlorine  water ;  sulphuric  acid 
will  be  found  in  the  chlorine  water,  and  may  be  tested  for  as  usual.  _ 

7  Alum  —Evaporate  to  dryness ;  incinerate,  and  proceed  exactly  as  m  the 
analysis  of  alum  in  bread.  The  substance  added  to  give  "  head  to  beer  is 
A  mixture  of  alum,  salt,  and  ferrous  sulphate  ,      ,  . 

8  Burnt  Sur/ar-Essentia  &/na-i^oo^s.-Evaporate  the  beer  to  an  extract , 
dissolve  in  alcohol ;  evaporate  again  to  extract,  and  taste.  According  to 
Pappenheim,  these  substances  prevent  the  regressive  metamorphosis  of  the 
ti^sTs,  and  thus  injure  health.  Burnt  sugar  is  added  to  porter  to  give 
colour,  and  the  addition  is  not  lUegah  ,lrvTiP<5R 

9.  ' Capsicum-Peppers-Grains   of  PamcZt...-Evapora te  to  dryness 
carefully    dissolve  in  alcohol;  filter;  evaporate  very  carefully  to  dryness 
Zl  ^eiii^.ere  is  any  pungency     In  fo-tee- out  of  t  W^^^^^^^ 
illicit  beer   Mr.  Phillips  found  that  grains  of  paradise  had  been  artdea. 
It  t  said 'that  the  oils  of  pimento,  zedoary,  and  ginger  are  sometimes 

'''fo  Aloes  -The  taste  alone  is  not  reliable.  Dr.  Koehleri  proposes  to 
cvaporale  the  beer.  Dissolve  the  residue  in  nitric  acid,  when  a  yellowish- 
l  eSuid  is  obtained,  which  takes  a  deep  blood-red  colour  when  treated  with 
t  X^-dVose^  or  with  liq.  potass,  and  either  cyamde  o  potassium 
or  sulphide  of  ammonium,  if  aloe-resm  is  present.  The  nitric  aci^  soiutun 
is  not'  deco  W    by  stannous  chloride ;  if  hops  only  have  been  used,  it  is 

'^'T^Scv^^^/.-The  residue  of  evaporated  beer,  heated  with  nitric  acid 
^t^fngt liting,  diarrhcea  bunnng  '^^^f  koM  ^fflte. 

^  ~i  :.^e,  a.a 

The  witnesses  examined  m  185b  by  tne  ^omm                          .  j^Q^-ever, 
(Scholefield's)  undoubted  it ;  a  large  q^^^^^^^^^  ^^^^^ 
annually  imported,  and  no  other  use  is  icnow  Phillips, 
twenty  specimens  of  adulterated  beer,  analysed  m  lbb5  by 
Cocculus  indicus  was  f oundm^large  quantito  ^  . 

1  Schmidt's  Jahrh.,  1871,  No.  10,  p.  22. 

2  Koeliler,  op.  cit.  .  on 

»  Med.  Times  and  Gazette,  May  lt>,         J;/,,' „:„4.„  umler  tlie  name  of  imdlum. 
1  It  is  said  to  be  obtainable  from  wholesale  druggists  unaer 
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For  the  detection  of  Picrotozine,  Herapath  recommends  that  the  beer  be 
first  treated  with  lead  acetate ;  filtered  ;  excess  of  lead  got  rid  of  by  hydrogen 
sulphide ;  fluid  evaporated  to  a  small  bulk,  and  mixed  with  animal  charcoal. 
The  charcoal  absorbs  the  picrotoxine ;  it  is  boiled  in  alcohol,  and  the  alcohol 
is  evaporated  on  slips  of  glass,  The  picrotoxine  crystallises  as  plumose  tufts 
of  circular  or  oat-shaped  crystals. 

Dr.  Langley  of  Michigan, ^  recommends  acidulating  the  beer  with  hydro- 
chloric acid  and  agitating  with  ether;  the  etherial  solution  yields  on 
evaporation  crystals  of  picrotoxine. 

A  plan  devised  by  Depaire  is  considered  by  Koehler  as  one  of  the  easiest 
and  at  the  same  time  the  best.  Mix  one  litre  of  beer  with  finely-powdered 
rock  salt :  resinous  and  extractive  matters  are  thrown  down.  Shake  the 
liquid  with  ether  ;  an  impure  picrotoxine  is  obtained,  which  can  be  purified. 

iSTone  of  these  processes  will  give  more  than  -/o-^hs  of  the  picrotoxine. 

When  the  crystals  of  picrotoxine  are  obtained,  test  them  as  follows  : — 

(a)  Eub  the  crystals  with  3  or  4  parts  of  pure  nitrate  of  potassium ;  add 
1  or  2  drops  of  strong  sulphuric  acid,  and  then  an  excess  of  strong  solution 
of  soda  or  potash.  A  bright  reddish-yellow  colour  is  given,  if  picrotoxine 
be  present  (Langley). 

(h)  Dissolve  the  crystals  in  strong  sulphuric  acid;  a  yellow  fluid  is 
obtained,  Stic  it  with  a  glass  rod  which  has  been  dipped  in  a  concentrated 
solution  of  potassium  bichromate ;  a  bluish  violet  colour  is  obtained  (like  a 
strychnine  reaction),  which  changes  soon  into  brown,  brown  green,  and  at 
last  apple  green. 

{c)  If  a  good  deal  of  picrotoxine  is  obtained,  dissolve  it  in  water,  and  put 
a  small  fish  in  the  water  ;  the  jDoisonous  eflects  occur  in  a  short  time. 

15.  Stryclinine  or  Nux  Vomica. — This  is  a  very  uncommon  adulteration, 
if  it  ever  occur.  Add  animal  charcoal  to  the  beer ;  digest  for  twenty-four 
hours;  pour  ofl'  beer;  boil  the  charcoal  in  alcohol;  filter;  evaporate  one- 
half  ;  add  a  few  drops  of  liquor  potass£e  and  then  ether ;  agitate ;  pour  off 
ether,  and  evaporate  to  dryness;  test  for  strychnine  by  the  colonr  test 
(sulphuric  acid  and  potassium  bichromate,  or  peroxide  of  lead,  or  manganese, 
or  potassium  permanganate). ^ 

16.  Tobacco  is  occasionally  used;  in  twenty  specimens  of  illicit  beer 
examined  in  1863,  by  Mr.  Phillips  of  the  Inland  Revenue  Department, 
tobacco  was  found  in  one. 

17.  Picric  {Trinitroplienic)  Acid. — Lassaigne  recommends  the  addition  of 
subacetate  of  lead  and  animal  charcoal ;  if  the  beer  has  still  a  yellow  colour, 
picric  acid  is  present.  Eut,  as  Mulder  and  Hassall  observe,  many  beers 
destitute  of  picric  acid  remain  yellow.  Pohl  advises  to  add  white  uncombed 
wool ;  if  picric  acid  be  present,  it  stains  it.  This  is  an  uncertain  test.  H. 
Brunner  extracts  the  picric  acid  from  the  wool  with  hot  aqueous  ammonia ; 
concentrates  to  a  small  bulk,  and  tests  with  a  drop  of  solution  of  cyanide  of 
potassnim.  A  red  coloration  of  isopurpurate  of  potassium  will  be  produced 
if  there  be  1  part  of  picric  acid  in  500,000  of  water  (Hassall). 

18.  Copper. — Evaporate  a  portion  of  the  beer  to  dryness;  incinerate; 
dissolve  in  weak  nitric  acid ;  test  for  copper  by  the  insertion  of  a  clean  knife  • 
by  addition  of  ammonia  and  of  potassium  ferrocyanide.  ' 
_  19.  Lead. — Evaporate  a  considerable  quantity  of  the  beer  to  dryness  • 
incinerate ;  dissolve  in  weak  nitric  acid,  and  test  for  lead  as  usual.  ' 

1  Chemical  News,  Sept.  6,  1862. 

l-econi^!pmr°+?*'''^^''  are  used,  but  their  detection  is  difficult  and  uncertain.    Mr  Sorbv 

recommends  the  spectroscope  for  detecting  calumha  root.  ^ 
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SuB-SeOTION  II. — WiNES.l 

Cortvposition. 

The  composition  of  wine  is  so  various  that  it  is  difficult  to  give  a  summary. 
The  following  are  the  chief  ingredients  : — 

1.  Alcohol— ^xom  6  to  25  per  cent.,  volume  in  volume,  of  anhydrous 
alcohol.  It  has  been,  however,  stated  that  the  fermentation  of  the  grape, 
when  properly  done,  cannot  yield  more  than  17  per  cent,,  and  that  any 
amount  beyond  this  is  added.^  Some  of  the  finest  wines  do  not  contain 
more  than  6  to  10  per  cent. 

Port  {analysed  in  England),  

Sherry  (analysed  in  England,  .... 
Madeira  {analysed  in  England),  .... 
Marsala  {analysed  in  England),  .... 
Bordeaux  wines,  red  (mean  of  90  determinations  of  \ 

different  sorts :  Chateau  Lafite,  Margaux,  Larose,  V 

St.  Emilion,  St.  Estephe,  &c.),         .       •  .    •  ) 
Bordeaux  wines,  white  (mean  of  27  determinations  I 

of  sorts:  Sauternes,  Barsac,  Bergerac,  &c.),        .  j 
Ehone  wines,  red  (Hermitage,  Montpellier,  Eron-  \ 

tignan,  &c.),     .       .       .       •       •       •  ' 
Eousillon, 

Burgundy,  red  (Beaune,  Macon),  . 

„       white  (ChabUs,  &c.),  . 
Pyrenean, 
Champagnes, 

Moselles,  \ 

Khine  wines  (Johannisberger,  Hochheimer,  Kudes-  ^ 

heimer,  &c.),     .       •       •       •       •       •       '  ^ 
Hungarian  wine, 

Italian,       .       •       •       '      -,  *      -r'  -u  ' 

Syria,  Corfu,  Samos,  Smyrna,  Hebron,  Lebanon,    .  ^.  ,  .  ,  , 

So  various  is  the  amount  of  alcohol  in  wines  from  the  ^ 
a  very  general  notion  only  can  be  obtained  by  tables,  and  a  sample  of  the 
wine  actually  used  must  generally  be  analysed.  ^imntitv  of  wine. 

To  tell  how  much  pure  alcohol  is  taken  m  any  definite  quantity  oi  wine, 
melure  the  wine  in  ounces,  multiply  it  by  the  percentage  of  alcohol,  and 
divide  by  100.  9x13 

Example.-Wme  drank  being  9  oz.,  and  the  percentage  13,  then 

=  1-17  oz.  of  absolute  alcohol  by  measure.  

Use  of  Wine,  1872).  ^         ••  i  4-^       nffpft  that  uure  port  never  contains  more 

^  Mulder  (on  Wine  p.  186)  qrt^\?n„al^^^^^^^^^  ISriorman  stated  before  the 

than  12-75  per  cent,  of  piire  alcohol ;  ^^^^JVIulder  doui  ts  u  ^^^^  ^^^^^^^^ 

Parliainentary  Committee  that  pnresheriTnevei  conta^^^^^^  Wudichmn  and  Dupru 

that  6  or  8  gallons  of  brandy  are  f^^^^  to  108  gallons  w^^^^^  9,  while  the  maximum 

{On  Wine,  p.  682)  state  that  a  natm-al  wine  ^,^f^°'f;7gt^t^"li,at  a  pipe  of  115  gallons  of  port 
limit  is  16  per  cent,  (of  weight  m  volume)  ^J.^J, ^|^°./^;;Vthe  rich  port  wines  have  13  to  15 
wine  has  nlver  less  than  3  gallons  of  bi'^ndy  added  to  it  ^  ^  tity 

gallons  added.    It  would  seem  that  the  natural  wines  ot  Australia 

of  alcohol  in  some  instances  than  any  European  v,  me.  ^  per 

3  Some  port  used  in  the  Queen's  establishment  .'^^^JYe  iier  c^^^    and  the  claret  6-85  to  , 
centagewis  18-8  (Hofmann).   The  sheriy  cont W  per 
per  cent.    The  highest  percentage  found  by  Tl^i  ^ 
cent,  of  weight  in  volume=23-4  per  cent,  volume  m  voUime. 


Per  cent,  of  Alcoliol 

(Volume  in  volume). 

1d*d2'* 

to  ^0  A 

16 

„  25 

22 

15 

„  25 

6  •00 

1  'X 

„  \6 

11 

„  18-7 

8-7 

„  13-7 

11 

7-3 

„  14-5 

8-9 

„  12 

9 

»  16 

5-8 

„13 

8 

„  13 

6-7 

»16 

9-1 

»  15 

14 

19 

13 

„  18 
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The  amount  of  alcohol  can  be  determined  by  distillation  or  evaporation, 
as  c^iven  in  the  section  on  Beer.  Instruments,  however,  are  required,  which 
indicate  a  less  specific  gravity  than  pure  water.  If  the  medical  officer  has 
only  a  common  urinometer,  the  only  plan  will  be  to  dilute  with  an  equal  part 
of  pure  water  at  60°,  and  then  to  add  a  little  salt,  so  as  to  bring  the  specific 
gravity  above  that  of  the  water ;  then  evaporate  as  usual.  Take  the  difference 
of  the  specific  gravities  (before  and  after  evaporation) ;  deduct  from  1000, 
and  look  in  the  specific  gravity  table  (p.  280),  for  the  amount  of  alcohol  in 
the  diluted  wine ;  by  multiplying  the  result  by  2,  the  percentage  of  alcohol 
in  the  undiluted  wine  is  found.  Sometimes,  besides  ethyl  alcohol,  small 
quantities  of  propyl,  butyl,  and  amyl  alcohols  are  found  in  wine.  A  little 
^acet-aldehyde  is  present  in  some  Greek  wines  (Thudichum  and  Dupre),  but 
is  not  considered  to  indicate  unsoundness. ^ 

2.  Ethers. — (Enanthic,  citric,  malic,  tartaric,  racemic,  acetiC;  butyric, 
'Caprylic,  caproic,  pelargonic,  and  many  others.  Dr.  Dupr6  states  that  there 
are  25  or  even  more  compound  ethers  in  wine,  and  some  of  them  are  in  very 
small  quantities.  The  "  bouquet "  of  wine  is  partly  owing  to  the  ethers 
(especially  to  the  volatile) — partly,  it  is  said,  to  extractive  matters.  CEnanthic 
ether  is  that  which  gives  its  characteristic  odour  to  wine.  Dr.  Dupre  has 
given  a  very  good  plan  of  estimating  the  amount  of  the  volatile  and  non- 
volatile ethers,  but  it  is  too  delicate  for  medical  officers.^ 

3.  Albuminous  Matters — Extractive  Colouring  Matter. — The  quantity  of 
albumin  is  not  great ;  the  extractives  and  colouring  matter  vary  in  amount. 
The  colouring  matter  is  derived  from  the  skins  j  it  is  naturally  greenish  or 
blue,  and  is  made  violet  and  then  red  by  the  free  acids  of  wine.  The  bluish 
tint  of  some  Burgundy  wines  is  owing,  according  to  Mulder,  to  the  very  small 
amount  of  acetic  acid  which  these  wines  contain.  It  is,  according  to  Batilliat, 
composed  of  two  matters — rosite  and  purpurite.  With  age  changes  occur  in 
the  extractive  matters ;  some  of  it  falls  (apothema),  especially  in  combination 
with  tannic  acid,  and  the  wine  becomes  pale  and  less  astringent.  ♦ 

4.  Siujar  exists  in  varying  amounts,  and  in  the  form  for  the  most  part  of 
fruit  sugar.  Sherry  generally  contains  sugar,  but  not  always ;  it  averages  8 
grains  per  ounce  and  appears  to  be  highest  in  the  brown  sherries,  and  least 
in  Amontillado  and  Manzanilla.  In  Madeiiva  it  varies  from  6  to  66  grains 
per  oimce ;  in  Marsala  a  little  less  ;  in  Port,  from'  16  to  34  grains  per  ounce, 
being  apparently  greatest  in  the  finest  wines.  In  Champagne  it  amounts 
to  from  6  to  28  grains,  the  average  being  about  24  grains.  In  the  Clarets, 
Burgundy,  Ehine,  and  Moselle  wines,  it  is  absent,  or  in  small  amount. 

In  determining  the  sugar,  if  the  copper  solution  be  used,  the  colouring 
matter  is  acted  on  by  the  alkali  of  the  copper  solution,  and  interferes  with 
the  appreciation  of  the  change  of  tint,  and  must  be  got  rid  of  by  acetate  of 
lead,  animal  charcoal,  boiling,  and  filtering.  If  any  substance  exists  which  is 
still  turned  green  by  the  alkali  of  the  copper  solution,  the  wine  must  be 
neutralised,  evaporated  to  dryness,  and  the  sugar  dissolved.  As  a  rule,  the 
copper  solution  employed  directly  with  wine  gives  |  per  cent,  too  much 
sugar  (Feliling),  and  a  correction  to  this  amount  should  be  made.* 

5.  Fat. — A  small  amount  exists  in  some  wine. 

6.  Free  Adds. — Wine  is  acid  from  free  acids  and  from  acid  salts,  as  the 
potassium  bitartrate.    The  principal  acids  are  racemic,  tartaric,  acetic,  malic, 


If  it  IS  present  in  white  wines  (such  as  Santernes)  it  is  a  certain  sign  of  unsoundness 
Uiem.  ./oiornal,  Nov.  1867,  and  Origiii,  Nature,  and  Use  of  Wine. 
4  mf^°®  Jones,  in  Mulder  on  Wine,  p.  386. 

-alonf  with  SigK[^^^^^^^^  *° "''^  ''''  °^  ^^'^  «^^<^l>=^rometer 


28C)  BEVEllAGES  AND  CONDIMENTS. 

tannic  (in  small  quantities),  glucic,  succinic,  lactic  (?),  carbonic,  and  fatty 
acids,  such  as  formic,  butyric,  or  propionic.  Some  acids  are  volatile  besides 
the  acetic,  but  it  does  not  seem  quite  certain  what  they  are.  The  tannic  acid 
is  derived  from  the  skins ;  it  is  in  greatest  amount  in  new  Port  wines ;  it  k 
trifling  in  Madeira  and  the  Ehine  wines ;  it  is  present  in  all  white  and  most 
red- fruit  wines,  except  Champagne.  The  tannic  acid  on  keeping  precipitates 
with  some  extractive  and  colouring  matter  (apothema  of  tannic  acid). 

7  Salh'  —The  salts  consist  of  bitartrate  of  potassium,  tartrates  of  calcium 
and'  sodium,  sulphate  of  potassium,  a  little  phosphate  of  calcium  and 
mao-nesium,  chloride  of  sodium,  and  iron.  The  magnesia  is  in  larger  amount 
than  the  lime  and  exists  sometimes  as  malate  and  acetate.  A.  little  manganese 
and  copper  have  been  sometimes  found.  In  Ehine  wine  a  little  ammonia  is 
found  (Mulder).  The  total  amount  of  salts  is  l  to  '3  per  cent.— ^.e.,  about 
9  to  26  grains  per  pint,  or  i  to  11  grain  per  ounce.  The  salts  can  only  be 
detected  by  evaporation  and  ignition.  _ 

8  The  total  solids  in  wine  vary  from  3  to  14  per  cent.,  or  m  some  ot  the 
rich  liqueur-like  wines  to  more.  The  specific  gravity  depends  upon  the 
amount  of  alcohol  and  of  solids,  and  varies  from  -673  to  1  "002  or  more.  An 
approximate  notion  can  be  formed  of  the  total  solids  by  taking  the  specihc 
gravity,  after  driving  off  the  alcohol  by  evaporation  and  then  replacing  the 
water. 

EXAMINATION  OF  WINE. 

The  quality  of  wine  can  be  best  determined  by  noting  the  colour, 
transparency,  and  taste,  and  then  determining  the  following  points  _ 

(1  )  The  amount  of  solids  as  given  by  the  specific  gravity  after  the  elimina- 
tion of  the  alcohol.  In  the  best  clarets,  before  the  loss  of  alcohol  the  specihc 
gravity  is  very  nearly  that  of  water.  In  some  claret  used  in  the  Que^i^s 
Ltablishment  and  analysed  by  Dr.  Hofmann,the  specific  gra^aty  was  -99902 
InthTck^^^^^  it  is  as  low  as  '995.  A  low  specific  gravity  shows  that 
alcohol  has  been  added,  or  that  the  solids  are  m  small  amount. 

(2  jThe  amount  of  alcohol;  a  very  small  amount  may  show  the  addition 
of  water  •  a  large  amount  the  addition  of  spirits.  ,      .  ^  ., 

(T)  The  amount  of  free  aciditj.  This  is  an  important  point,  as  it  seems 
cleir  that  some  persons  (especially  the  sick)  do  not  readily  digest  a  large 

.ally  reckoned  as  ^^^^f^^^^:'  ^^ffi  'both  W  Ind  volS 
solution  being  equal  to  7  5  mimguamm^^  ine^  determine  satisfactorily, 
acidity;  the  relative  amount  of  the  W^^^  distillation  should  be 

as  some  acid  ^^^J^l^l^L  l  " 

conducted  a  ^  ^^.^^^^  i^^^^^^^^^  as  glacial  acetic,  the  fixed  as  tartaric 

1     Al^thP  aci  tie^  are  usually  Reckoned  as  grains  per  o^.;.c.. 

acid.    All  the  acidities     wine  j  ^^^^  ^^^^  ^^.^^     ^^^^  . 

The  amount  of  free  ^''^'^^^'''^^^^^^^  the  best  Claret  and  Ma- 
the  least  acid  wines  are  ^ Jo^^,^^^^^ 

deira;  the  more  acid  wines  ar^  Bu  gundy^^  Knin  ,                ^^^^^^^.^  ^ 

The  amount  of  free  acid  m  good  ^  a  ^ts  is  e^ual^t^  .  ^^^^^ 

per  ounce;  in  common  Clarets  and  inB^^^^^^^^^  f^^^^^^^, 

in  some  extremely  acid  wines  it  may  even  m  .^^ 
PVi^mnirmes  it  is  2  to  3  grains  usually  ;  but  it  has  oeen  Kuo>Mi 

Champagnes  it  is                                ^.g      •  p^^.  ounce.i    in  iort  it 
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in  the  Eliine  wines,  3^  to  4  or  6  grains.  Thudiclium  and  Dupr6  state  that 
in  o-ood  sound  wine  the  amount  of  free  acidity  ranges  from  -3  to  -7  per  cent., 
or  from  1  -3  to  3  grains  per  ounce. 

The  taste  of  wine  docs  not  depend  entirely  on,  but  yet  is  very  greatly 
influenced  by,  the  degree  of  acidity.  Mr.  Griffin^  states  that  good-tasted 
wine  contains  from  1-87  to  2-8  grains  of  crystallised  tartaric  acid  per  ounce  ; 
that  if  it  contains  less  than  1-87  grains  it  tastes  flat ;  that  if  more  than  3 
trains  per  ounce,  the  wine  is  too  acid  to  be  agreeable  ;  if  more  than  4-37  grains 
per  ounce  (1  per  cent.),  it  is  too  acid  to  be  drunk.  These  numbers  seem 
rather  low.^ 

(4.)  The  amount  of  sugar.  The  best  modes  of  determining  this  have  been 
already  noticed. 

(5.)  It  may  be  sometimes  useful  to  determine  the  amount  and  kind  of 
ethers  by  fractional  distillation. 

Excessive  acidity  of  wine  can  be  corrected  by  adding  neutral  potassium 
tartrate.  Milk  is  also  often  used.  The  addition  of  the  carbonated  alkalies, 
or  of  chalk,  alters  the  bouquet  of  the  wine,  When  wine  becomes  stringy, 
in  which  case  acetic  and  lactic  acids  are  formed,  it  may  be  improved  by 
adding  a  little  tea ;  about  1  ounce  of  tea  boiled  in  2  quarts  of  water  should 
be  added  to  about  40  gallons  of  wine.  Bitter  wine  is  treated  with  hard  water 
or  sulphur ;  bad  smelling  wine  with  charcoal ;  too  astringent  wine  witll 
gelatin;  wine  which  tastes  of  the  cask  with  olive  oil.^ 

Adulterations  of  Wine. 

1.  Water. — Known  by  taste;  amount  of  alcohol;  specific  gravity  after 
elimination  of  alcohol. 

2.  Distilled  Spirits. — Known  by  determining  the  amount  of  alcohol ;  the 
normal  percentage  of  the  particular  kind  of  wine  being  known.  By  fractional 
distillations  the  peculiar-smelling  fusel  oils  may  be  obtained ;  or  merely 
rubbing  some  of  the  wine  on  the  hand,  and  letting  it  evaporate,  may  enable 
the  smell  of  these  ethers  to  be  perceived. 

3.  Artificial  Colouring  Matters. — The  following  are  the  chief  colouring 
matters,  as  stated  by  Thudiclium  and  Dupr^.  Logwood  is  the  great  colouring 
material,  and  also  blackberries,  elderberries,  and  bilberries.  There  are  no  good 
methods  of  recognising  these  substances;  salts  of  lead,  ammonia,  and  ammonium 
sulphide,  alum,  and  potassium  or  ammonium  carbonate,  and  salts  of  tin  have 
been  used  as  re-agents.  The  most  useful  test  appears  to  be  this  :  add  to  the 
wuie  about  |th  volume  of  strong  solution  of  alum ;  stir  well,  and  then  add 
about  an  equal  quantity  of  strong  solution  of  ammonium  carbonate ;  the 
natural  colouring  matter  of  the  wine  when  thrown  down  in  this  way  has  a 
greenish  or  dirty  bluish-green  colour,  but  there  is  no  tinge  of  red  ;  logwood 
and  several  other  abnormal  colours  have  a  distinct  red  or  purplish  tint.* 
The  use  of  strips  of  gelatin,  as  described  under  Alum  in  Bread,  is  also  recom- 
mended.   Fuchsine  or  rosaniline  and  other  substances  have  also  been  used. 


1  Report  on  Cheap  Wine,  by  K.  Druitt,  M.D.,  p.  178. 

2  From  thirteen  analyses  of  sound  ordinary  Port,  I  found  the  mean  acidity  to  be  1-97  per 
ounce  ;  in  some  samples  of  Sherry,  1-90;  Marsala,  1-5  ;  light  Claret,  SI  ;  in  a  rather  sour 
uaret,  4-0  ;  m  a  sample  of  Montilla,  a  fine  wine,  but  too  acid,  3-15.— (F.  de  C.) 

Wme  is  subject  to  several  diseases,  which,  according  to  Pasteur,  depend  on  different  kinds 
01  lerments  (see  Review  ou  Hygiene,  in  Army  Medical  Department  Report,  vol  vii  n  3401 
Uy  heatmg  the  wine  to  about  125°-130°  Fahr.  tliese  "  mycoderms  "  are  killed,  and  the  winc^ 
imdergoes  no  further  change.    The  microscope  may  be  employed,  as  in  the  case  of  Beer 
Prnhnw    fi'l'''''''''/''''^  doubtfully  of  allsucli  tests  ;  they  seem,  however,  better  than  nothinc^ 
rroDably  the  spectrum  analysis  will  hereafter  afford  the  best  means  of  identification  (Ti". 
IxL-f  ii'"'il"A'^**?';o^^/^"'^'  ''^^  Duclaux,  Comptes  Rendus  del'Academie  des  <S'o  t 
Ixxvu.,  No.  16,  April  1874,  p.  1159 ;  also  Eeport  on  Hygiene,  Army  Med.  Reports,  vol.  xv!  ^100.' 
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l)ut  on  the  whole  there  has  been  some  exaggeration,  whilst  the  colouring 
matters  employed  are  mostly  harmless. 

4.  Lime  Salts. — The  so-called  "platrage"  of  wines  consists  in  the  addition 
of  1^  lb  to  7  lb  of  a  mixture  of  calcium  sulphate  (80  parts),  calcium  carbonate 
(12)"  quicklime  and  sulphide- and  chloride  of  calcium  (8  parts)  to  1  hecto- 
litre of  wine.    Calcium  sulphate  dissolves  in  large  proportion,  and  then 
interchanges  with  the  chloride  of  potassium,  and  chloride  of  calcium  and 
sulphate  of  potassium  are  formed.    The  chalk  forms  acetate  and  tartrate  of 
calcium.    The  proportion  of  lime  salts  is  then  very  large.    The  only  precise 
way  of  detecting  this  adulteration  is  by  evaporating  to  dryness,  incinerating, 
and  determining  the  amount  of  lime.    But  the  following  method  is  shorter, 
and  will  generally  answer.    The  natural  lime  salts  of  wine  are  tartrate  and 
sulphate ;  when  lime  is  added  an  acetate  of  calcium  is  formed.  Evaporate 
the  wine  to  -^th. ;  add  twice  the  bulk  of  strong  alcohol ;  the  calcium  acetate 
is  dissolved,  but  not  the  sulphate  or  tartrate ;  filter  and  test  with  oxalate  of 
ammonium ;  if  a  large  precipitate  occur,  lime  has  probably  been  added. 

5.  Tannin  may  be  detected  either  by  chloride  of  iron  or  by  adding  gelatin. 
But  as  tannin  exists  naturally  in  most  of  the  red  wines  (Port,  Beaune, 
Eoussillon,  Hermitage,  &c.),  the  question  becomes  often  one  of  quantity. 
The  amount  of  tannin  can  be  estimated  by  drying  the  tanno-gelatine  (100 
grains  contain  40  of  tannin). 

6  Alum. — This  is  detected  precisely  in  the  same  manner  as  in  bread. 
Evaporate  a  pint  of  the  wine  to  dryness ;  incinerate,  and  then  proceed  as 
directed  in  Bread. 

7.  Lead. — Evaporate  to  dryness,  and  incinerate ;  dissolve  in  dilute  nitric 
acid,  and  test  as  directed  in  the  Examination  of  Water. 

8.  Copper. — Decolorise  with  animal  charcoal,  and  test  at  once  with 
f errocyanide  of  potassium.  _  , 

9.  Cider  and  Perry. — Evaporate  wine,  and  the  pecuhar  smell  of  the  hquids 
wall  be  perceived. 

Port  wine,  as  sold  in  the  market,  is  stated  to  be  a  mixture  of  true  iort, 
INIarsala,  Bordeaux,  and  Cape  wines  with  brandy,  although  at  present  it  is 
probably  purer  than  it  used  to  be,  purer  perhaps  than  most  other  wines. 
Inferior  kinds  are  still  adulterated  with  logwood,  elderberries,  catechu,  prune 
juice,  and  a  little  sandalwood  and  alum.  Eeceipts  are  given  in  books  for  all 
sorts  of  imitation  wines. 

Sub-Section  III.— Spirits. 

The  Queen's  Regulations  for  the  Army  (1881,  sec.  15,  paragraph  60),  for- 
.  bid  the  sale  of  spirits  in  canteens  at  home,  but  permit  it  m  foreign  stations 
at  the  discretion  of  the  commanding  officer.  ,   ^    •  ^ 

Brandy  contains,  besides  alcohol,  oenanthic  ether,  acetic,  butyric,  and 
valerianic  ethers.  Tannin,  and  colouring  matter  from  the  cask  or  from 
caramel,  are  present.  If  sugar  is  present  in  any  quantity,  it  must  have  been 
added.  The  inferior  kinds  of  brandy,  prepared  from  potatoes  as  we  1  as 
grain,  contain  potato  fusel-oil.  Eum  contains  a  good  deal  of_  butyric  ether 
to  which  the  aroma  is  chiefly  owing.  Gin,  besides  containmg  the  od  of 
i  uniper,  is  flavoured  with  various  aromatic  substances,  as  Calavin^  aromahcus 
coriander,  cardamoms,  cinnamon,  almond-cake,  and  orange-peel ;  Cayenne  is 
often  added.  Whisky  often  derives  a  peculiar  flavour  from  the  malt  being 
dried  over  peat  fires,  or  by  the  direct  impregnation  of  peat  smoke.  PeacU 
stones  and  pine  sawdust  are  also  said  to  be  added.  

1  It  may  be  wth  while  to  give  the  names  of  son^  of  the     tJKotsf  ofTeiT^^^^ 
parts  of  the  world,  as  the  army  surgeon  may  meet  with  them  m  the  course  of  sei-vice  . 
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Composition  of  Spirits. 
The  following  table  gaves  the  chief  points  of  importance  ^  : — 


Name. 

Sp.  gr.  at 

Alcohol 

Solids 
per 
cent. 

Ash 
per  cent. 

Acidity 
per  ounce, 
reckoned, 
as  tartaric 
acid. 

Sugar 
per  cent. 

Brandy,   .  . 
Gin,    .    .  . 
Whisky,  .  . 
Rum,  .    .  . 

•929- -934 
•930--944 
•915--920 
•974- -926 

50-60 

49-  60 

50-  60 
60-77 

1-2 
•2 
•6 

1 

•05  to  -2 
•1 

trace 

•1 

1  grain 
0-2 
0^2 
0^5 

0  or  traces 
1 
0 
0 

Alcohol  as  an  Article  op  Diet  in  Health. ^ 

In  endeavouring  to  determine  the  dietetic  value  of  alcoholic  beverages,  it 
is  desirable  to  see,  in  the  first  place,  what  are  the  effects  of  their  most 
important  constituent,  viz.,  alcohol. 

Three  sets  of  arguments  have  been  used  in  discussing  this  question,  drawn, 
namely,  from — 1,  The  physiological  action  of  alcohol;  2,  Experience  of  its 
use  or  abuse ;  and  3,  Moral  considerations. 

The  last  point  will  not  be  further  alluded  to,  for  without  underrating  the 
great  weight  of  the  argument  drawn  from  the  misery  which  the  use  of  alcohol 
produces, — a  misery  so  great  that  it  may  truly  be  said,  that  if  alcohol  were 
unknown,  half  the  sin  and  a  large  part  of  the  poverty  and  unhappiness  in 
the  world  would  disappear, — yet  this  part  of  the  subject  is  so  obvious  that  it 
seems  unnecessary  to  occupy  space  with  it.  The  arguments,  however,  which 
are  strongest  for  total  abstinence,  are  drawn  from  this  class,  l^ov  does  any 
one  entertain  a  moment's  doubt  that  the  effect  of  intemperance  in  any 
alcohohc  beverage  is  to  cause  premature  old  age,  to  produce  or  predispose  to 
numerous  diseases,  and  to  lessen  the  chance  of  living  very  greatly.  The  table 
given  below,3  taken  from  Kelson's  Vital  Statistics,  puts  this  in  a  strong  light. 

Nations  by  whom  employed 
Hindus,  Malays,  &c., 
Greeks,  Turks,  &c., 
Hindus, 

,,  (Mahrattas), 

,,      (Sikkim), . 
Chinese, 
Japanese, 
Pacific  Islanders,  . 
Mexicans, 
South  Americans, 
Tartars, 

Russians  and  Poles, 
Abyssinians, 

1  This  table  is  chiefly  taken  from  Bence  Jones'  Observations;  Appendix  to  Mulder  on 
Wine,  p.  389  ;  and  from  Hassall's  Food  and  Adulteration,  p.  645. 

ft  °f  spirits  in  sickness  is  another  point  altogether.    Dr.  Parkes  believed  they  were 

T^I  '"^Itlioiig^i;  like  every  other  strong  medicine,  they  require  to  be  given  carefully 

Meets  of  intemperance  (Neison's  Statistics,  p.  217  et  seq.)  :— 

Hatio  per  cent,  from  the  under-mentioned  Causes,  to  Deaths  from  all  Causes. 


Name. 

Obtained  from 

Arrack. 

Rice  or  Areca-nut. 

Raki. 

Rice. 

Toddy. 

Cocoa-nut. 

Bojah. 

Eleusine  Corocana. 

Murwa. 

))  )} 

Samshoo. 

Rice. 

Sacie. 

Kawa, 

Macropiper. 

Pulque. 

Agave. 

Chica. 

Maize. 

Koumiss. 

Mares'  miUv. 

Vodki. 

Potato. 

Talhah. 

Millet. 

Cause  of  Death. 

1847. 

Gotha  Life 
Office. 

Scottish 
Widows'  Fund. 

Intemperate 
Lives. 

Head  diseases,  .... 
Digestive  organs  (especially  those  ) 
of  the  liver),    .       .       .       .  ] 
Respiratory  organs, 

9-710 
6-240 
33-150 

15-176 
8-377 
27-843 

20-720 
11-994 
23-676 

27-10 

23-3 

22-98 

Total  of  above  three  classes,  . 

49-100 

51-396 

56-390 

73-38 

T 
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The  physiological  argument  for  the  use  or  disuse  of  alcohol  requires  to  he 
used  with  caution,  as  our  knowledge  of  the  action  of  pure  alcohol  (much 
more  of  the  alcoholic  beverages)  is  imperfect. 

When  taken  into  the  stomach,  alcohol  is  absorbed  without  alteration,  or  ig 
perhaps  in  some  small  degree  converted  into  acetic  acid,  possibly  by  the  action 
of  the  mucus  or  secretion  of  the  stomach.    The  rate  of  absorption  is  not 


It  thus  appears  that  the  intemperate, have  a  much  greater  mortality  from  head  and  digestive 
diseases  than  other  classes. 

In  intemperate  persons  the  mortality  at  21-30  years  of  age  is  five  times  that  of  the  tempe- 
rate ;  from  30-40  it  is  four  times  as  great.    It  becomes  gradually  less. 


A  Temperate  person's  cliance 
of  living  is, 

At  20  =  44-2  years. 
„  30  =  36-6  „ 
,,40  =  28-8  „ 
,,50^21-25  „ 
68  =  14-285 


An  Intemperate  person's  cliance 
of  living  is, 
At  20  =  15-6  years. 
„  30  =  13-8  ,, 

,,40  =  ire  „ 

„  50  =  10-8  „ 
„60=  8-9  „ 


All  these  deductions  appear  to  be  drawn  from  observations  on  357  persons  with  6111-5  years 
of  life.    The  facts  connected  with  these  persons  are  well  authenticated,  but  the  number  is  small. 
The  average  duration  of  life  after  the  commencement  of  the  habits  of  intemperance  is — 
Among  mechanics,  working  and  labouring  men,         ...      18  years. 

„      traders,  dealers,  and  merchants,  17 

„       professional  men  and  gentlemen,  15  „ 

,,      females,  14  ,, 

Those  who  are  intemperate  on  spirits  have  a  greater  mortality  than  those  intemperate  on  beer. 
Those  who  are  intemperate  on  spirits  and  beer  have  a  slightly  gi-eater  mortality  than  those 
intemperate  on  only  si^irits  or  beer,  but  the  difference  is  immaterial. 


Mortality  per  annum. 

5-  996  per  cent,  (nearly  60  per  1000). 
4-597  per  cent,  (nearly  46  per  1000). 

6-  194  per  cent,  (nearly  82  per  1000). 


Spirit  drinkers,  ... 
Beer  drinkers,  ... 
Spirit  and  beer  drinkers, . 

Very  striking  evidence  in  favour  of  total  abstinence,  as  contrasted  with  moderation,  is  gi\  t  v 
by  the  statistics  of  the  United  Kingdom  Tem^Derance  and  General  Provident  Institution.  Ol 
section  consists  of  abstainers,  another  of  j)ersons  selected  as  not  known  to  be  intemperate.  Tl.' 
claims  for  five  years  (1860-70),  anticipated  in  the  Temperance  section  were  £100,446  ;  br.i 
there  were  actually  only  claims  for  £72,676.    In  the  general  section,  the  anticipated  claim 
■were  £196,352  ;  and  the  actual  claims  were  no  less  than  £230,297.    The  much  greater  longevit 
of  the  abstainer  is  better  seen  by  the  amount  of  bonuses  paid  to  each  £1000  whole-life  polic  \- 
in  the  two  sections  for  the  same  five  years. 


Age  at 
Entrance. 

Premiums  paid. 

Bonus  added  in 
Temperance 
Section. 

Bonus  added  in 
General  Section. 

£    s.  d. 

£    s.  d. 

£    s.  d. 

15 

83    2  6 

61    1  0 

35  10  0 

20 

93    6  8 

64    0  0 

37    0  0 

25 

106   9  2 

68  10  0 

40    0  0 

30 

122   1  8 

74    0  0 

43    0  0 

35 

138  19  2 

78  19  0 

46   0  0 

40 

162   5  10 

86   0  0 

50   4  0 

45 

188  10  10 

92  18  0 

54   0  0 

■  50 

226   5  0 

104   2  0 

60  13  0 

55 

284   3  4 

122  14  0 

71  11  0 

At  every  a?e,  therefore,  the  abstainer  has  a  very  great  advantage.    Mr.  Vivian,  the  President 


of  the  Temperance  and  General  Provident  Institution, 
at  Bristol  in  1875  the  following  statistics  :— 


brought  before  the  British  Association 


Years. 

ATjstinence  Section. 

General  Section. 

Expected. 

Actual. 

Expected. 

Actual. 

1866-70  (5  years), 
1871-74  (4  years). 
Totals    (9  years). 

549 
561 
1110 

411 
390 
801 

1008 
994 
2002 

944 
1033 
1977 

On  the  gold  coast  during  the  Ashantee  War  the  evidence  (slight  as  it  was)  was  decidedly 
in  favour  of  the  teetotallers.— (Parkes,  On  tlie  Issue  of  a  Spirit  Ration,  p.  28,  1875). 
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1  -f  Ln«  hPPn  supposed  that  when  given  in  very  large  quantities  it 
known,  and  it  has  been  «  PP^^^'j^      ^  however,  been  recovered  from  the 

llf':rTl^o:^t  1^^-  abtrption  it  'passes  into  the  blood  and 
faeces  m  ^^yg^f^J^f^X  if  the  observations  of  Schulinusi  are  correct,  it 
then  throughout  t^^^  body    ii  ^^^^^l^t    ,3       formerly  supposed,  m 

IS  equally  distributed  an  U^^^^^  easily  be  detected  in  all  the  organs 

iti"  It  c— S  to  pasJ  out  fron.  the  body  speedily  as 
soon  af  er  It  IS  takeiL    x  r  ^^^^^    ifc  emerges  by  the 

LT^;t"Tn"^^^^^^^^^^^  by  the  urine,  and  slightly  by  the 
Wpk  or  S^s  may  be  merely  from  unabsorbed  portions  passing  out.  Ihe 
amouni  recowable'from  all  these  channels  is  usually  small,^  but  occasional  y, 
Xn  vexy  llrge  quantities  have  been  taken,  the  kidneys  excrete  it  largely 
Tthat  the  specific  gravity  of  the  urine  has  been  below  that  of  water,  and 
distillation  has  given  an  inflammable  fluid  ^ 

■  Much  debate  has  taken  place  as  to  whether  all  or  how  much  of  the  alcohol 
is  thus  eliminated,  and  whether  any  is  destroyed  m  the  body.  The  expert 
ments  of  Dr.  Percy,  and  subsequently  of  Strauch,  and  especially  of  Masmg 
in  Buchheim's  laboratory  at  Dorpat,  followed  as  they  were  by  the  confinnatory 
observations  of  MM.  Perrin,  Lallemand,  and  Duroy,  seemed  at  one  time  to 
have  settled  the  question,  and  to  have  proved  that  alcohol  is  very  httle  or  not 
at  all  destroyed  in  the  body.  Since  then  the  criticisms  and  expmments  of 
Baudot,  and  especially  the  observations  of  Schulinus,*  Anstie,-  Dupr6,  and 
Subbotin,  have  again  altered  the  position,  and  although  the  experimental 
evidence  is  incomplete  (chiefly  on  account  of  the  difficulty  of  collecting  the 
amount  given  off  by  the  lungs  and  skin),  the  opinion  that  some  and  perhaps 
much,  alcohol  disappears  in  the  body  is  generally  admitted. ^  

I  ^perLtnts"^^^^^  Anstie,  Dupre,  Thudichum,  and  others,  prove 

that  oSSlv  the  urinary  elimination  is  slight.  When  it  becomes  at  all  marked,  or  even  when 
it  occui-s  at  all,  the  detection  of  alcohol  hy  potassium  bichromate  and  sulphuric  acid  has  been 
•proposed  by  Anstie  as  an  indication  of  the  point  when  as  ranch  alcohol  has  been  taken  as  can 
be  disposed  of  by  the  body.  tt  io^-kx 

*  A  good  case  is  given  by  Dr.  Woodman  {Mcdtcal  Mirror,  July  lbb5). 

*  Archiv  cler  Heilk.,  1866. 

fi  Th?  amount  eliminated  by  these  channels  has  been  variously  stated.  The  latest  observa- 
tions are  by  DiipreV  Anstie,  and  Subbotin.s  According  to  Dupre,  from  experiments  on  himsell, 
the  amount  eliininated  by  the  urine  and  breath  (he  did  not  examine  the  skm)  is  only  a  minute 
fraction  of  that  taken  in,  and  it  takes  place  chiefly  in  the  first  nme  hom-s  ;  subsequently  the 
amount  is  excessively  small.  When  taken  day  after  day  there  is  no  accuimilation  of  alcohol,  so 
that  the  inference  is,  that  as  so  little  is  eliminated  almost  all  must  be  destroyed.  Subbotin  s 
experiments  were  on  rabbits  enclosed  in  a  closed  chamber  through  which  the  air  was  slowly 
drawn.  Like  Dupre,  he  determined  the  amount  by  oxidising  the  alcohol  obtained  into  acetic 
acid  by  chromic  acid  :  but  he  found  that  not  inconsiderable  quantities  {nicht  unhetrachtUcJie 
Mengen)  were  eliminated  through  the  lungs,  and  skin,  and  kidneys  m  the  first  fi  ve  hours  Con- 
trary to  Perrin,  Lallemand,  and  Duroy,  he  found  twice  as  much  passed  from  skm  and  lungs  as 
from  the  kidneys.  In  11  hours  he  found  12-6  per  cent,  was  eliminated,  and  in  24  hours  lb  per 
cent.,  and  he  gives  reasons  for  supposing  that  the  difficulties  of  the  experiments  (viz.,  the  diffi- 
culty of  changing  all  the  alcohol  into  acetic  acid  ;  of  obtaining  the  alcoliol  from  the  chamber  ; 
of  regulating  the  ventilation  ;  and  by  the  diminution  of  absorption  at  the  end  of  the  experi- 
ment, and  by  the  limited  time  the  experiment  could  be  can'ied  on)  made  the  amount  actually 
recovered  far  less  than  it  should  have  been.  Anstie  made  numerous  experiments  on  the  urme 
and  sweat,  and  always  found  the  quantities  very  minute.  ^     ^       r,  .  . 

With  regard  to  the  length  of  time  the  elimination  goes  on,  Dupre  found  it  to  be  finished 
■within  a  few  hours  :  Subbotin  found  that  the  elimination  was  not  quite  ended  m  24  ;  Perrm, 
Lallemand,  and  Duroy  found  it  to  go  on  for  ^2  hours.  The  late  Dr.  Parkes  and  Count 
Wollowicz  found  that  minute  quantities  could  be  found  in  the  urme  even  on  the  fifth  day  after 
•  a  large  quantity  of  brandy  had  been  taken,  though  the  elimination  by  the  lungs  ceased  much 
sooner.  In  some  later  experiments,  with  small  quantities  of  beer  and  wine,  Dr.  Parkes  found 
the  elimination  to  be  finished  in  24  hours. 

'    Lieben  noticed  some  years  ago,  that  a  substance  which  had  some  of  the  characters  of  alcohol 
7  Proceedings  of  Royal  Society,  No.  138  (p.  268, 1872).      "  Zeitschrift  fiir  Boil..,  Band  vii.  p.  361  (1872). 
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If  alcolio]  is  destroyed  in  the  body,  through  what  stages  does  it  pass]  The 
statement  of  Duchek,  that  it  forms  aldehyde,  has  been  disproved.  Its  easiest 
transformation  out  of  the  body  is  into  acetic  acid ;  but,  when  animals  are 
poisoned  witli  alcohol,  Buchheim  and  Masing  could  detect  no  acetic  acid  in 
the  blood ;  still,  the  amount  would  be  so  small  it  might  be  overlooked,  or 
the  acetic  acid  might  be  soon  transformed.  Lallemand,  Perrin,  and  JJuroy 
could  find  Ao  oxalic  acid.  If  it  be  true  that  the  pulmonary  carbonic  acid  in 
lessened,  it  cannot  be  oxidised  to  carbonic  acid  and  eliminated  by  the  lungs 
unless  the  transformation  of  _  some  other  substance  ordinarily  furnishing 
carbonic  acid  is  arrested.  The  mode  of  destruction  is,  in  fact,  unknown. 
The  only  point  which  throws  any  light  upon  it  is  the  slight  increase  of 
acidity  in  the  urine  during  the  use  of  alcohol,  which  looks  as  if  an  acid  of 
some  kind  were  formed  out  of  it. 

Present  experiments  show,  then,  that  some  portion  passes  out,  and  another, 
and  probably  the  larger  portion,  is  gradually  destroyed.  The  place  where  the 
partial  destruction  of  alcohol  occurs  is  yet  doubtful ;  but  it  is  impossible  that 
the  transformation  takes  place  in  the  various  gland-cells  in  which  almost  all, 
or  all,  the  changes  in  the  body  take  place.  As  the  change  out  of  the  body 
which  most  easily  occurs  is  the  formation  of  acetic  acid,  it  seems  at  present 
most  likely  that  some  of  the  alcohol  is  thus  transformed.  The  acetic  acid 
would  then  unite  with  the  soda  of  the  blood,  and  a  carbonate  would  eventually 
be  formed  which  would  be  eliminated  with  the  urine,  as  in  the  case  when 
acetates  are  taken, ^  This  would  account  for  the  pulmonary  carbonic  acid 
not  being  increased.  If  this  view  be  correct,  the  use  of  alcohol  in  nutrition 
would  be  limited  to  the  eifects  it  produces,  first  as  alcohol,  and  subsequently 
as  acetic  acid,  when  it  neutralises  soda,  and  is  then  changed  into  carbonate. 

The  first  point  only  (its  efi'ect  as  alcohol)  need  be  considered — 

Influence  of  AlcoJiol  on  the  Organs. 

1.  On  the  Stomach. — In  very  small  quantities  it  appears  to  aid  digestion; 
in  larger  amount  it  checks  it,  reddens  the  mucous  membrane,  and  produces 
the  ""chronic  catarrhal  condition"  of  Wilson  Fox,  viz.,  increase  of  the 
connective  tissue  between  the  glands ;  fatty  and  cystic  degeneration  of  the 
contents  of  the  glands,  and  finally,  more  or  less  atrophy  and  disappearance 
of  these  parts.  ^    Taken  habitually  in  large  quantities,  it  lessens  appetite. 

was  found  in  the  urine  of  iDersons  and  animals  wlio  had  taken  none.  Dr.  Parkes  and  Count 
Wollowicz  noticed  on  one  occasion  that  a  substance  which  slightly  reduced  chromic  acid  was 
obtained  from  the  sweat  of  a  man  who  had  taken  no  alcohol,^  though  in  other  cases  (E.  Smith, 
British  Medical  Journal,  Nov.  2,  1861)  there  is  certainly  no  substance  of  this  kind  m  the 
sweat  Dupre  also  found  m  the  urine  a  substance  furnishing  acetic  acid,  formmg  lodofonu,  and 
having  a  lower  specific  gravity  and  a  higher  vapour  tension  than  pure  water.  The  amount  of 
this  substance  is  so  minute  that  its  nature  cannot  be  perfectly  made  out,  but  Lieben  considers 
it  not  to  be  alcohol,  but  perhaps  to  be  derived  from  the  odoriferous  principles  of  the  urme. 
Dupr€  doubts  this,  and  Dr.  Parkes'  observation  on  the  sweat  shows  that  it  can  hardly  be  so, 
unless  the  same  odorous  substances  are  passing  olf  by  the  skin.  Dr.  Parkes  doubted  whether 
it  was  an  invariable  constituent  of  urme,  as  he  coiUd  hnd  none  in  the  urme  of  tliree  teetotallers 

which  were  examined.  ,  ,  ,      i?     j  i.i       -j-t.     t  „^;„o 

•  In  experiments  on  large  quantities  of  alcohol,  Dr.  Parkes  found  the  acidity  of  the  urine 
slightly  increased.  This  would  quite  agree  with  the  above  view  as  the  umon  of  the  acetic  acid 
or  carbonic  acid  formed  from  it,  with  some  of  the  alkali  ordinarily  united  to  other  acids  wo  iM 
increase  the  urinary  acidity.  This  case  is,  of  course,  not  parallel  with  that  of  acetate  of  potash 
given  by  the  mouth,  which  makes  the  urine  alkaline  from  carbonate,  as  some  alkali  m  that 

''''s^ThSe* Changes  were  considered  by  Wilson  Fox  to  be  closely  allied  wth  those  occurr^^^^ 
in  cirrhosis  of  the  liver,  and  in  the  contracted  and  indurated  kidiiey.    See  l^^fJ^^ 
Stomach,  3d  edition,  p.  125,  footnote  ;  and  also  Reynold's  System  of  Medicine,  vol.  u.  p.  bOJ, 

and  footnote.  

3  Proceedings  of  Boijal  Society, 'So.  113,  p.  87  (1870). 
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9  Q,^  fi^Q  Xji^ey  _The  action  of  small  quantities  on  the  amount  of  bile  or 
glyco-enic  substances,  or  on  the  other  chemical  conditions  of  the  liver,  is  not 
knowS  Applied  dhectly  to  the  liver  by  injection  into  the  portal  vein,  it 
Lreases  the  amount  of  sugar  (Harley)  Taken  daily  m  large  quantities  it 
causes  either  enlargement  of  the  organ  by  producing  albuminoid  and  fatty 
deposit  or  it  causes  at  once,  or  following  enlargement  increase  ol  connective 
tissue  and  finally^  contraction  of  Glisson's  capsule,  and  atrophy  of  the  portal 
canals  and  cells,  by  the  pressure  of  a  shrinking  exudation.  The  exact  amount 
necessary  to  produce  these  changes  in  the  liver  and  stomach  has  not  yet  been 
fixed  with  precision. 

3.  On  the  Spleen.— Its  action  is  not  known. 

4  On  the  Licngs.— It  is  said  to  lessen  the  amount  of  carbon  dioxide  (and 
of  watery  vapour?)  in  the  air  of  expiration,i  though  there  are  some  discrep- 
ancies in  experiments  with  different  kinds  of  spirits.  E.  Smith,  for  example, 
found  the  expired  carbon  dioxide  lessened  by  brandy  and  gin,  but  increased 
by  rum.  It  is  very  important  these  experiments  should  be  repeated,  but 
they  show,  at  any  rate,  that  the  usual  effect  is  not  to  increase  the  carbon 
dioxide.2  In  large  quantities  habitually  taken  it  also  alters  the  molecular 
constitution  of  the  lungs,  as  chronic  bronchitis  and  lobar  emphysema  are 
certainly  more  common  in  those  who  take  much  alcohol. 

5.  On  the  Heart  and  Blood-Vessels. —Alcohol  in  healthy  persons  at  first 
increases  the  force  and  the  quickness  of  the  heart's  action.  Dr.  Anstie^ 
confirmed  this  opinion  by  careful  sphygmographic  observations ;  these  effects 
are  still  more  marked  in  febrile  diseases  if  alcohol  acts  favourably  (in  some 
fi^brile  cases  it  appears,  from  Anstie's  observations,  not  to  increase  the  power 
of  the  heart).  In  a  healthy  man,  Dr.  Parkes  found  that  brandy ^  augmented 
the  rapidity  of  the  pulse  13  per  cent.,  and  the  force  was  also  increased ;  taking 
the  usual  estimate  of  the  heart's  work,  its  daily  excess  of  work,  with  4-8  fluid 
ounces  of  absolute  alcohol,  was  equal  to  15-8  tons  lifted  one  foot.  With 
claret  the  results  were  almost  identical.  The  period  of  rest  of  the  heart  was 
shortened,  and  its  nutrition  must  therefore  have  been  interfered  with.  In 
another  man.  Dr.  Parkes  found  from  4  to  8  ounces  of  brandy  produced 
palpitation  and  breathlessness.  Alcohol  causes  evident  dilatation  of  the 
superficial  vessels,  as  shown  by  the  redness  and  flushing  of  the  skin  ;  and  in 
these  experiments  sphygmographic  observations  also  proved  that  the  arteries 
dilated  more  easily  before  the  fuller  current  thrown  out  by  the  strongly  acting 
heart.  If  it  were  not  for  this  yielding  of  the  vessels  (produced  perhaps  by 
paralysis  of  the  vasomotor  nerves)  alcohol  would  be  a  most  dangerous  agent, 
as  either  the  strong  wave  would  break  the  vessel,  or  the  heart  would  not  be 
properly  emptied  of  the  blood  during  the  contraction.  It  seems  likely,  there- 
fore, that  there  must  be  danger  in  the  use  of  alcohol  when  the  arteries  become 
rigid  in  advancing  life,  if  the  heart  is  then  susceptible  to  the  action  of  alcohol 
Eventually  the  vessels  of  the  surface  pass  into  a  state  of  permanent  slight 

^  The  effect  of  red  and  white  French  wines  and  of  beer  has  heen  very  carefully  examined  by 
Perrin  (i?ec.  tie  Mem.  de  Med.  Mil.,  1865,  p.  82) ;  a  very  great  diminution  in  the  amount  of 
carbonic  acid  (Irom  5'6  to  22  per  cent,  less  being  excreted)  was  noticed  in  all  the  experiments. 
The  effect  commenced  soon,  and  reached  its  maximum  in  the  third  hour,  and  ceased  in  two 
hours  more .  The  pulse  after  meals  with  and  without  wine  had  equal  power,  but  after  a  time 
the  pulse  fell  more  when  wine  was  not  taken. 

2  See  Binz,  Journal  of  Anatmny  and  Physiology,  May  1874. 

^  In  a  paper  read  before  the  British  Association  in  1868  {Medical  Times  and  Gazette,  Sep- 
tember 1868).  This  paper  shows  that  the  sphygmographic  indications  (combined  with  the 
urinary  test)  may  give  us  a  clue  to  the  often  diiUcult  question,  whether  alcohol  is  doine  eood 
or  harm  in  disease.  s  B 

*  See  papers  by  Dr.  Parkes  and  Count  Wollowicz,  in  Proceedings  of  Royal  Society  No  120 
ami  1.32  ;  and  another  paper  by  Dr.  Parkes,  No.  136,  for  the  effect  of  alcohol  on  the  heart  during 
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enlargement  and  turgesccnce ;  the  skin  alters  in  appearance ;  and  owing  to 
this,  persons  who  take  much  alcohol  soon  get  the  appearance  of  age.  In 
some  diseases,  alcohol  is  said  to  lessen  the  frequency  of  the  heart's  action ; 
and  Anstie  found  it  increase  arterial  tension.  In  such  cases  there  must  be 
peculiar  nervous  conditions  with  which  we  are  unacquainted.  Dr,  Parkes 
found  it  u^ally,  if  not  always,  increase  the  frequency  of  the  heart  in  disease, 
and  in  some  patients  the  rapidity  of  the  heart's  action  was  simply  owing  to 
the  administration  of  alcohol.  Anstie  believed  its  principal  action  was  on 
the  sympathetic  nerve,  and  the  vascular  phenomena  seem  to  strengthen  this 
view,  while  others  think  it  acts  especially  on  the  vagus  and  the  heart  alone. 

6.  On  the  Blood. — The  amount  of  fat  is  either  increased,  or  it  is  more 
visible.    The  chemical  changes  in  the  blood  are  partially  arrested.^ 

7.  On  the  Nervous  System. — In  most  persons  it  acts  at  once  as  an 
an£esthetic,  and  lessens  also  the  rapidity  of  impressions,  the  power  of  thought, 
and  the  perfection  of  the  senses.    In  other  cases  it  seems  to  cause  increased 
rapidity  of  thought,  and  excites  imagination,  but  even  here  the  power  of 
control  over  a  train  of  thought  is  lessened.    In  no  case  does  it  seem  to 
increase  accuracy  of  sight ;  nor  is  there  any  good  evidence  that  it  quickens 
hearing,  taste,  smell,  or  touch ;  indeed^  Edward  Smith's  experiments  show 
that  it  diminishes  all  the  senses.    In  almost  all  cases  moderate  quantities 
cause  a  feeling  of  comfort  and  exhilaration,  which  ensues  so  quickly  as  to 
make  it  probable  the  local  action  on  the  nerves  of  the  stomach  has  at  first 
something  to  do  with  this.    Afterwards  the  increased  action  of  the  heart  may 
have  an  effect.    Different  spirits  act  differently  on  the  nervous  system,  owing 
probably  to  the  presence  of  the  ethers  and  oils ;  some,  as  samshoo^  and  raki, 
produce  great  excitement,  followed  by  profound  torpor  and  depression. 
Absinthe  is  also  especially  hurtful,  apparently  from  the  presence  of  the 
essential  oils  of  anise,  wormwood,  and  angelica,  as  well  as  from  the  large 
amount  of  alcohol.    It  appears  that  the  properties  of  absinthe  are  somewhat 
different  according  to  the  manner  in  which  water  is  mixed  with  it,  i.e.y 
suddenly  or  slowly  ;  in  the  latter  case  the  particles  of  the  absinthe  are  more 
divided,  are  absorbed  more  easily,  and  produce  greater  effects.    In  all  these 
cases  there  can  be  little  doubt  that  alcohol  enters  into  temporary  combination 
with  the  nervous  structure ;  and  the  evidence  from  the  impairment  of  special 
sense  and  muscular  power,  implies  that  it  interferes  with  the  movements  of 
the  nervous  currents. 

8.  On  the  Muscular  System.— Yolnntavj  muscular  power  seems  to  he 
lessened,  and  this  is  most  marked  when  a  large  amount  of  alcohol  is  taken  at- 
once ;  the  finer  combined  movements  are  less  perfectly  made.  Whether  thiS' 
is  by  direct  action  on  the  muscular  fibres,  or  by  the  influence  on  the  nerves, 
is  not  certain.  In  very  large  doses  it  paralyses  either  the  respiratory  muscles, 
or  the  nerves  supplying  them,  and  death  sometimes  occurs  from  the  impau-- 

ment  to  respiration.  .  ,     ^  ^    i  i 

9  On  the  Metamorphosis  of  Tissue.— This  is  usually  stated  to  be  lessenetl, 
and  it  has  been  said  that  there  is  a  diminution  in  the  elimination  of  nitrogen 

1  Havley  Proceedtnas  of  Royal  Society,  M.!xrc]i  1865, 'So.  62,  ^.  160 

2  Sprranalys/d  /or  Dr.  Parkes  a  specimen  of  the  best  sarashoo  f''""^.  Sin« 
contained  in  100  C.C.  23-91  per  cent,  of  alcohol  by  ^velght  and  tl^^V'f      ti  ^  fnl  nSt  -ill 
parts  of  ethyl  alcohol,  and  -036  parts  of  amylic  alcohol  ;  the  f  ^^"V  -Jfi  t^r  1 1  ctn 
acetic)  was  -105;  of  residue  (sugar  almost  entirely)  6-01,  and  of  ash        P^r  ^^nt  [f^J^^ 
aamshoo  gave  nearly  the  same  result.   There  seems  to  be  nothing  '^'^l^temus  ^  li  o™ 
inquiries  \mong  soldiers  who  have  served  at  Hongkon-  it  «ff  "^^-^^  i!^" /^^^^^^ 
samshoo  does  produce  the  effects  ascribed  to  it.    It  is  probab  y  the  adu  terated  ° 
&c.)  article  which  acts  so  violently.    The  Cape  brandy  is  ot  two  ^^•"•^•'^-tl;^^<;'^I\^^^ 

Boer  brandy  ;  the  latter  is  strange/,  and  is  sometimes  called  peach  brandy ;  this  appeals  to 
the  hurtful  kind. 
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r-is  m-ea)  and  of  carbon  (as  carbon  dioxide).  But  the  experiments  already 
re  erTd  o  by  Count  WoUovvicz  and  Dr.  Parkes^  prove  that  the  metamorphosis 
Tf  the  nitrogenous  tissues  is  in  no  way  interfered  with  by  dietetic  doses. 
Whetherthe^^^^^^^       dioxide  excretion  is  really  lessened  may  also  be  questioned. 

IQOnZ  of  thsBody.-When  alcohol  is  given  o  l;ealthy  ani- 

ma^s  in  ull  but  not  excessive  doses,  the  temperature  of  the  body  falls.  This 
Sems  to  be  shown  conclusively  by  the  experiments  of  Einger  and  Kickards, 
Sardson  Bmz,  Cuny-Bouvier,  and  Euge.  In  healthy  men  who  have 
terLcustomed  to  take  alcohol  in  moderate  quantities  the  results  are  rather 
contradictory.  In  a  man  accustomed  to  alcohol,  Kinger  found  no  change ;  m 
two  men,  temperate,  but  accustomed  to  take  beer  and  sometimes  spirits,  i)r. 
Parkes  conld  not  detect  any  raising  or  lowering  of  the  thermometer  either  m 
the  axilla  or  rectum.^  Dr.  Mainzer  found  no  fall  of  temperature^  m  trials 
on  himself,  but  a  sHght  fall  in  another  healthy  person.  Some  experiments  by 
Obernier^  and  by  Fokker^  are  also  quite  negative.  On  the  other  hand,  Krnger, 
Binz,  and  Bouvier  noticed  in  some  healthy  persons  a  decrease  of  temperature  ; 
and  though  some  of  the  experiments  are  evidently  rather  inaccurate,  and 
tliough  the  fall  of  temperature  was  inconsiderable,  it  is  difficult  to  refuse 
belief  that  in  some  cases  there  may  be  a  slight  depression  of  temperature. 

In  febrile  cases  the  evidence  is  almost  equally  divided.  In  a  man  on  whom 
Dr.  Parkes  was  experimenting,  an  attack  of  catarrh  came  on  with  rise  of 
temperature,  and  alcohol  did  not  apparently  affect  the  heat  in  the  least.  0. 
Weber,  Obernier,  and  Kabow  were  equally  unsuccessful  in  noting  a  fall  m 
temperature.  Binz  and  C.  Bouvier^  have,  however,  produced  septic  fever  in 
animals,  and  then  lowered  the  febrile  heat  by  large  doses  of  alcohol,  m  what 
appears  to  have  been  an  unmistakable  manner,  in  several  cases. 

We  may  conclude  that  the  effect  of  moderate  doses  on  temperature  in 
healthy  men  is  extremely  slight ;  there  is  no  increase,  and  in  many  persons 
no  decrease.  In  those  in  whom  there  is  a  slight  decrease,  the  amount  is 
trifling. 

11.  On  the  Action  of  the  Eliminating  Organs. — The  water  of  the  urine  and 
the  acidity  are  slightly  increased ;  but  Dr.  Parkes  found  other  ingredients 
were  unaffected.  The  condition  of  the  skin  is  not  certain.  Dr.  E.  Smith 
thought  the  perspiration  lessened,  but  Weyrich  noticed,  after  spirits,  beer,  and 
wine,  a  large  increase  in  the  insensible  cutaneous  perspiration ;  and  the  en- 
largement of  the  vessels  of  the  skin  would  probably  lead  to  increased  transit 
of  fluid. 

12.  Re7note  Effects  of  Alcohol— The  degenerative  changes  which_  occur  so 
frequently  in  the  stomach,  liver,  and  other  organs,  by  the  constant  introduc- 
tion of  improper  quantities  of  alcohol  into  the  body,^  affect  also  almost  aU 
parts  of  the  body.  The  brain  and  its  membranes,  and  its  vessels,  suffer  early 
and  principally;  and  Kremiansky^  has  produced  hsemorrhagic  meningitis, 
and  pathological  changes  in  the  brain-vessels  and  membranes  in  dogs  by  giving 

1  Proceedings  of  Royal  Society,  Nos.  120-123  and  136. 

2  Ibid. 

'  Ueber  die  Einwirkung  des  Alkohols,  Iiiau.  Diss.  Bonn.,  1870. 

*  Archiv.  fiir  die  ges.  Fhys.,  Band  ii.  p.  494. 

*  Quoted  by  Hnsemann,  Jahresh.fur  die  ges.  Med.,  1871,  Band  i.  p.  324. 

8  Binz  {loc.  ci<.)linds  tliat  small  (dietetic  ?)  doses  produce  no  change  ;  large  inebriating  doses 
produce  a  fall  from  3-5°  to  5°  F.,  lasting  for  four  or  five  hours.  Habit,  however,  produces 
tolerance.  In  the  body,  after  death,  the  temperature  often  rises,  but  if  alcohol  has  been 
administered  previously  it  does  not  do  so  ; — hence  Binz  concludes  that  the  effect  is  arrest  of 
chemical  changes  in  the  glands. 

See  especially  Pharmakologische  Studien  Uber  den  Alkohol,  von  C.  Bouvier,  Berlin,  1872. 

8  A  very  striking  paper  on  this  subject  has  been  published  by  Dickinson  {Lancet,  November 
1872).   It  paints,  in  startling  colours,  the  immense  degenerative  power  of  alcohol. 

9_Virchow's  Archiv,  Band  xlii.  p.  338. 
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them  alcohol.i  There  is  no  question  that  several  brain  diseases,  includinf^ 
some  cases  of  insanity,  are  produced  by  excess  of  alcohol.^  80,  also^ 
degenerative  changes  in  the  stomach,  liver,  lungs,  and  probably  in  the  kidneys^ 
result  from  immoderate  use.  To  use  Dickinson's  expressive  phrase,  alcohol 
is  the  very  "genius  of  degeneration."  And  these  alcoholic  degenerations 
are  certainly  not  confined  to  the  notoriously  intemperate.  They  have  been 
seen  in  women  accustomed  to  take  wine  in  quantities  not  excessive,  and  who 
would  have  been  shocked  at  the  imputation  that  they  were  taking  too  much, 
although  in  their  case  the  result  i^roved  that  for  them  it  was  excess.  The 
nature  of  the  degenerative  changes  appear  to  be  in  all  cases  the  same,  viz., 
fibroid  and  fatty  changes. 

Considering,  also,  the  great  increase  in  the  action  of  the  heart,  and  the 
dilatation  of  the  vessels,  it  can  scarcely  be  doubted  that  alcohol  in  excess  is 
one  of  the  agencies  causing  disease  of  the  circulatory  organs. 

Is  Alcohol  desirable  as  an  Article  of  Diet  in  Health? 

This  question  is  so  large  and  difficult  that  a  satisfactory  answer  can  hardly 
be  given  with  our  present  knowledge.  The  data  for  passing  a  judgment  are 
partly  physiological,  but  still  more  largely  empirical. 

The  obvious  useful  physiological  actions  of  alcohol  are  an  improvement 
in  appetite^  produced  by  small  quantities  and  an  increased  activity  of  the 
circulation^  which,  within  certain  limits,  may  be  beneficial.  It  is  difficult  to 
perceive  proof  at  present  of  any  other  useful  action^  since  it  is  uncertain 
whether,  during  its  partial  destruction  in  the  system,  it  gives  rise  to  energy. 
In  cases  of  disease,  in  addition  to  its  efl'ect  on  digestion  and  circulation,  its 
narcotising  influence  on  the  nervous  system  may  be  sometimes  useful.  Beale 
suggests  that  it  may  restrain  the  rapidity  of  abnormal  growth  or  development 
of  multiplying  cells,  and  that  by  such  arrest  it  may  possibly  diminish  bodily 
temperature ;  but  proof  of  this  has  not  been  given. 

The  dangerous  physiological  actions  in  health,  when  its  quantity  is  larger, 
are  evidently  its  influence  on  the  nervous  system  generally,  and  on  the 
regulating  nerve-centres  of  the  heart,  and  vaso-motor  nerves  in  particular ;  ^ 
the  impairment  of  appetite  produced  by  large  doses,  the  lessening  of  muscular 
strength,  and  remotely  the  production  of  degenerations.  Except  when  it 
lessens  appetite,  it  does  not  alter  the  transformation  of  the  nitrogenous  tissues, 
and  the  elimination  of  nitrogen ;  nor  can  it  be  held  to  be  absolutely  proved  to 
lessen  the  excretion  of  carbon.  If  it  did  so,  this  effect  in  health  would  be 
simply  injurious. 

It  is  a  matter  of  the  highest  importance  to  determine  when  the  limit  of 
the  useful  effect  of  alcohol  is  reached.  The  experiments  are  few  in  number, 
but  are  tolerably  accurate.  From  experiments  made  by'  Dr.  Anstie,  an 
amount  of  one  fluid  ounce  and  a  half  (42'6  C.C)  caused  the  appearance  of 
alcohol  in  the  urine,  which  Anstie  regards  as  a  sign  that  as  much  has  been 

1  See  also  the  experiments  by  Magnau  (5Mr  ^'ylZcoofcme).         ^    ,    ,       ^.       ^  , 

2  Magnan  states  the  two  terminations  of  chronic  alcoholism  to  be  dementia  and  geiwral 

paralysis.  ^    .    ,    ,  ■,■      ■  .  j 

3  Anstie  and  Dickinson  have  denied  that  the  kidneys  suffer  m  alcoholism  m  any  great  degree. 
It  is  an  open  ciuestion ;  but  the  evidence  is  in  favour  of  kidney  degeneration  being  one  ol  the 
effects  of- alcoholism.  Dr.  George  Johnston  states  that  out  of  200  patients  with  Bright  s 
disease,  from  all  causes,  he  found  no  less  than  .58  were  dnmkards.  ^  ^,      ,   .  .. 

*  This  influence  is  probably  a  paralysing  agency,  arising  from  a  direct  thougli  transitory 
union  of  the  alcohol  with  the  nervous  substance.  Richardson  has  made  the  very  important 
discovery  that  the  alcohols,  such  as  the  butyl,  amyl,  and  liexyl  alcohols,  which  contain  more 
carbon,  produce  a  much  greater  effect  on  the  nervous  system  than  methyl  and  ethyl  alcohol. 
There  are  greater  muscular  tremors  and  stupor,  and  these  effects  increase  regularly  with  the 
increase  of  carbon  and  lessening  volatility. 
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taken  as  can  he  disposed  of  by  the  body.  The  late  Dr  Parkes  and  Count 
Wollowicz  obtained  almost  precisely  the  same  result.  When  only  one  fluid 
ounce  of  absolute  alcohol  was  given  none  could  be  detected  m  the  urme. 
They  found  that  in  a  strong  healthy  man,  accustomed  to  alcohol  in  modera- 
tion the  quantity  given  in  twenty-four  hours  that  begins  to  produce  effects 
which  can  be  considered  injurious  is  something  between  one  fluid  ounce 
(  =  28-4  C.C.)  and  two  fluid  ounces  (5 6 -8  CO.).  The  effects  which  can  then 
be  detected  are  shght,  but  evident  narcosis,  lessening  of  appetite,  increased 
rapidity  of  rise  in  the  action  of  the  heart,  greater  dilatation  of  the  small  vessels 
as  estimated  by  the  sphygniograph,  and  the  appearance  of  alcohol  in  the 
urine.  These  effects  manifestly  mark  the  entrance  of  that  stage  in  the  greater 
i  degrees  of  which  the  poisonous  effect  of  alcohol  bacome  manifest  to  all. 

It  may  be  considered,  then,  that  the  limit  of  the  useful  effect  is  produced 
by  some  quantity  between  1  and  1|  fluid  ounces  in  twenty-four  hours.  There 
may  be  persons  whose  bodies  can  dispose  of  larger  quantities ;  but  as  the 
[  experiments  were  made  on  two  powerful  healthy  men,  accustomed  to  take 
1  alcohol,  the  average  amount  was  more  likely  to  be  over  than  under  stated.  In 
(  women,  the  amount  required  to  produce  decided  bad  effects  must,  in  all  pro- 
j  bability,  be  less.    For  children  there  is  an  almost  universal  consent  that 
i  alcohol  is  injurious,  and  the  very  small  quantity  which  produces  symptoms  of 
intoxication  in  them  indicates  that  they  absorb  it  rapidly  and  tolerate  it  badly. 

Assuming  the  correctness  of  these  experimental  data,  which,  though  not 
extensive,  are  yet  apparently  exact,  it  is  evident  that  moderation  must  be 
something  below  the  quantities  mentioned  ;  and  considering  the  dangers  of 
taking  excess  of  alcohol,  it  seems  wisest  to  assume  1  to  1^  fluid  ounces  of 
absolute  alcohol  in  twenty-four  hours  as  the  maximum  amount  which  a 
healthy  man  should  take.  It  must  be  admitted  that  this  is  provisional,  and 
that  more  experiments  are  necessary ;  but  it  is  based  on  the  only  safe  data 
we  possess.  One  ounce  is  equivalent  to  2  fluid  ounces  of  brandy  (containing 
oO  per  cent,  of  alcohol)  or  to  5  ounces  of  the  strong  wines  (sherries,  &c.,  20 
!  per  cent,  of  alcohol) ;  or  to  10  ounces  of  the  weaker  wines  (clarets  and  hocks, 
10  per  cent,  of  alcohol) ;  or  to  20  ounces  of  beer  (5  per  cent,  of  alcohol).  If 
these  quantities  are  increased  one  half,  1^  ounce  of  absolute  alcohol  will  be 
I  taken,  and  the  limit  of  moderation  for  strong  men  is  reached.  This  standard 
appears  to  be  fairly  correct  j  since,  from  inquiries  of  many  healthy  men  who 
take  alcohol  in  moderation.  Dr.  Parkes  found  that  they  seldom  exceeded  the 
above  amounts.  Women,  no  doubt,  ought  to  take  less ;  and  alcohol  in  any 
shape  only  does  harm  to  healthy  children. 

Another  question  now  arises,  to  which  it  is  more  difficult  to  reply.  Is 
alcohol,  even  in  this  moderate  amount,  necessary  or  desirable ;  are  men  really 
better  and  more  vigorous,  and  longer  lived  with  it  than  they  would  be  with- 
out any  alcohol  1  If  distinctly  hurtful  in  large  quantities,  is  it  not  so  in  these 
smaller  amounts  ? 

There  is  no  difficulty  in  proving,  statistically,  the  vast  loss  of  health  and 
life  caused  by  intemperance;  and  the  remarkable  facts  of  tbe  Provident 
Institution  show  the  great  advantage  total  abstainers  have  over  those  who, 
though  not  intemperate,  use  alcohol  more  freely.  But  it  is  almost  impossible, 
at  present,  to  compare  the  health  of  teetotallers  with  those  who  use  alcohol  in 
the  moderate  scale  given  above,  In  both  classes  are  found  men  in  the 
highest  health,  and  with  the  greatest  vigour  of  mind  and  body ;  in  both  are 
to  be  found  men  of  the  most  advanced  age.  If  the  question  is  looked  at 
simply  as  a  scientific  one,  it  is  hardly  possible  at  present  to  give  an  answer. 
Failing  in  accurate  information  on  this  point,  the  usual  arguments  for  and 
against  the  use  of  alcohol  cannot  be  held  to  settle  the  point.    These  are  
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(a)  That  the  universality  of  the  habit  of  using  some  intoxicating  drink 
proves  utility.  This  seems  incorrect/  since  whole  nations  (Mohammedan 
and  Hindoo)  use  no  alcohol  or  substitute ;  and  since  the  same  argument 
might  prove  the  necessity  of  tobacco,  which  for  this  generation,  at  any  rate, 
is  clearly  only  a  luxury.  The  wide-spread  habit  of  taking  intoxicating 
liquids  merely  proves  that  they  are  pleasant, 

(6)  That  if  not  necessary  in  healthy  modes  of  life,  alcohol  is  so  in  our 
artificial  stage  of  existence  amid  the  pressure  and  conflict  of  modem  society. 
This  argument  is  very  questionable,  for  some  of  our  hardest  workers  and 
thinkers  take  no  alcohol.  There  are  also  thousands  of  persons  engaged  in 
the  most  anxious  and  incessant  occupations  who  are  total  abstainers,  and^ 
according  to  their  own  account,  with  decided  benefit. 

(c)  That  though  it  may  nob  be  necessary  for  perfectly  bealthy  persons, 
alcohol  is  so  for  the  large  class  of  people  who  live  on  the  confines  of  health, 
whose  digestion  is  feeble,  circulation  languid,  and  nervous  system  too 
excitable.  It  must  be  allowed  there  are  some  persons  of  this  class  who  are 
benefited  by  alcohol  in  small  quantities,  and  chiefly  in  the  form  of  beer  or 
light  wine.  Unless  these  persons  wilfully  deceive  themselves,  they  feel 
better  and  are  better  with  a  little  alcohol. 

(d)  That  common  experience  on  the  largest  scale  sbows  that  alcohol  in 
not  excessive  quantities  cannot  be  an  agent  of  harm ;  that  it  is  and  has  been 
used  by  millions  of  persons  who  appear  to  suffer  no  injury,  but  to  be  in  many 
cases  benefited,  and  therefore  that  it  must  be  in  some  way  a  valuable  adjunct 
to  food.  A  grand  fact  of  this  kind  must,  it  is  contended,  override  all  objec- 
tions based  on  physiological  data,  which  are  confessedly  incomplete,  and 
wMch  may  have  left  undiscovered  some  special  useful  action.  It  must  be 
admitted  that  this  is  a  very  strong  argument,  and  that  it  seems  incredible 
that  a  large  part  of  the  human  race  should  have  fallen  into  an  error  so  gigantic 
as  that  of  attributing  great  dietetic  value  to  an  agent  which  is  of  little  use  m 
smaH  quantities,  and  is  hurtful  in  large.  At  first  sight  the  common  sense  of 
mankind  revolts  at  such  a  supposition,  but  the  argument,  though  strong, 
is  not  conclusive  ;  and  unfortunately  we  know  that  in  human  affairs  no 
extension  of  belief,  however  wide,  is  jxr  se  evidence  of  truth. 

(e)  That  thougb  a  man  can  do  without  alcohol  under  ordinary  circum- 
stances, there  are  certain  conditions  when  it  is  useful  It  will  be  necessary 
to  see,  then,  what  is  the  evidence  on  this  point. 

Evidence  on  ilie  Use  of  Alcohol  2cnder  certain  conditions.'^ 
Great  Cold— There  is  singular  unanimity  of  opinion  on  this  point;  all 
observers  condemn  the  use  of  spirits,  and  even  of  wine  or  beer  as  a  iireven- 
tive  against  cold.  In  the  Arctic  regions  we  have  on  this  head  the  evidence 
of  Sir  John  Richardson,  Mr.  Goodsir  (in  Sir  J.  Tranklm^s  first  voyage),  Dr 
King,  Captain  Kennedy  (in  the  last  search  for  Sir  J  Franklin,  when  he 
whole  crew  were  teetotallers),  Dr.  Eae,  Dr.  Kane  Dr.  Hayes  (surgeon  of  the 
Kane  expedition),  and  others.  Dr.  Hayes  indeed  says  m  his  last  Papcr 
(1859),  that  he  will  not  only  not  use  spirits,  but  will  take  no  man  accustomed 
to  use  them;  and  that  if  "imperious  necessity  obliges  him  to  give  spmts,  c 
will  give  them  in  small  doses  frequently,  as  the  excitant  action  is  followed  by 
a  ve?y  dangerous  depression.^    In  the  Antarctic  regions,  and  in  the  cold 

1  Most  nations,  however,  if  not  all,  nse  some  sedative,  whicli  may  be  considered  to  take 
t:\;i^-^aylni.nperance,  andlus  other  writings,  and  also  Spencer  Thomson's 
useful  work  on  the  same  subject,  as  well  as  many  other  enters.  j 
3  Some  Arctic  voyagers,  however,  are  strongly  impressed  with  the  value  ot  rum 
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whaHn-  aroimds,  we  have  the  strong  evidence  of  Dr  Hooker  to  the  same 
purport  and  the  customs  of  the  many  teetotal  whalers^^  Ulloa  long  ago 
nSd  the  same  thing  in  the  ascent  of  Pichincha.i  Korth  America,  the 
mdson's  LTcompany  entirely  excluded  spirits,  part  y,  no  doubt,  to  prevent 
their  use  among  the  Indians,  but  partly,  in  all  probab  ity,  from  experience  ot 
^heb  nutmty  Carpenter  quotes  from  Dr  KniiU  a  statement  that  the. 

EuSia^a  my  on  the  march  in  cold  weather  not  only  use  no  spirits,  but  no- 
m^who  Wately  taken  any  is  allowed  to  march.  The  guides  at  Chamouni 
rd  the  Oberland,  when  out  in  the  winter,  have  mvanably  found  spirits 
hurtful  :  they  take  only  a  little  light  wine  (Forbes).  The  bathing  men  at 
Dieppe,  who  are  much  exposed  to  cold  from  long  standing  m  the  sea,  alsa 
find  that  spirits  are  hurtful,  and  take  only  a  little  weak  wme  (Levy).  ^ 

Gi-eat  Heat.— The  evidence  here  also  is  almost  equally  conclusive  agamst 
the  use  of  spirits  or  beverages  containing  much  alcohol.  Dr  Carpenter  has- 
assembled  the  most  conclusive  testimony  from  India,  Brazil,  Borneo,  Atrica, 
and  Demerara.  The  best  authorities  on  tropical  diseases  speak  as  strongly  ; 
Eobert  Jackson,  Eanald  Martin,  Henry  Marshall,  and  many  others.  _  It  seems, 
quite  certain,  also,  that  not  only  is  heat  less  weU  borne,  but  that  insolation 
is  predisposed  to. 

The  common  notion  that  some  form  of  alcoholic  beverage  is  necessary  in 
tropical  climates  is  a  mischievous  delusion.  In  the  84th  Eegiment,  m  which 
Dr.  Parkes  formerlv  served,  which  from  the  years  1842  to  1850  numbered 
many  teetotallers  (at  one  time  more  than  400)  in  its  ranks,  the  records, 
showed  that,  both  on  common  tropical  service  and  on  marches  in  India,  the 
teetotallers  were  more  healthy,  more  vigorous,  and  far  better  soldiers  than 
those  who  did  not  abstain. ^  The  experience  of  almost  every  hunter  in  India 
will  be  in  accordance  with  this. 

On  this  point  the  greatest  army  surgeons  have  spoken  strongly  (Jackson 
especially,  and  Martin) ;  and  yet  officers  may  still  be  heard,  both  in  India  and 
the  West  Indies,  to  assert  that  the  climate  requires  alcohol.  These  are  precisely 
the  climates  where  alcohol  is  most  hurtful.^ 

With  regard  to  service  and  exercise  in  the  tropics,  we  have  the  strong 
testimony  of  Eanald  Martin  that  warm  tea  is  the  best  beverage ;  and  this 
will  be  corroborated  by  every  one  who  has  made  long  marches,  or  hunting 
excursions,  in  India,  and  has  carefully  observed  what  kind  of  diet  best  suited 
him. 

To  cite  a  weU-known  individual  instance  of  great  exertion  in  a  hot  climate,. 
Eobert  Jackson  marched  118  miles  in  Jamaica,  carrying  a  load  equal  to  a 
soldier's,  and  decided  that  "  the  English  soldier  may  be  rendered  capable  of 
going  through  the  severest  military  service  in  the  West  Indies ;  and  that 
temperance  will  be  one  of  the  best  means  of  enabling  him  to  perform  his  duty 


certain  circumstances  (Admiral  Richards).  The  experiencssof  the  expedition  of  1875-6  seems 
to  have  shown  that  it  was  partially  useful  given  the  last  thing  at  night,  as  enabling  the  men 
to  get  off  their  frozen  clothing,  but  it  had  no  effect  in  warding  off  scurvy.  Binz  says  that 
alcohol  may  be  useful  in  damp  and  cold,  because  the  tissue  change  is  greater,  and  v/e  can  thus 
moderate  it. 

^  He  says  (Adams'  translation,  1807,  vol.  i.  p.  219) :  "  At  first  we  imagined  that  drinking 
strong  liquors  would  diffuse  a  heat  through  the  body,  and  consequently  render  it  less  sensible 
of  the  painful  sharpness  of  the  eold  ;  but  to  our  surprise  we  felt  no  manner  of  strength  in  them, 
nor  were  they  any  greater  preventative  against  the  cold  than  common  water." 

2  See  Carpenter's  Physiology  of  Temperance  for  full  details.  The  officers,  who  by  their 
example  and  precept,  produced  this  great  effect  in  a  j'egiment  in  India,  and  proved  that  men  are 
healthier  and  happier  in  India  without  any  alcoholic  beverage,  were  Lieut.-Colonel  Willington, 
Captain  (afterwards  General  Sir  David)  Russell,  and  Lieut,  and  Adjutant  Seymour,  an  officer 
of  the  greatest  promise,  who  died  from  dysentery,  contracted  during  the  mutiny. 

3  Binz  holds  that  in  hot  climates,  or  in  hot  weather,  it  is  pernicious,  as  interfering  with  the 
tissue  change,  which  is  already  insufficient. 
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with  safety  and  etfect.  The  use  of  ardent  spirits  is  not  necessary  to  enable  a 
European  to  undergo  the  fatigue  of  marching  in  a  climate  whose  mean  tempera- 
ture is  from  73°  to  80°.  I  have  always  found  the  strongest  liquors  the  most 
enervating." 

Bodily  Labour. — A  small  quantity  of  alcohol  does  not  seem  to  produce 
much  effect,  hut  more  than  two  fluid  ounces  manifestly  lessens  the  power  of 
sustained  and  strong  muscular  work.  In  the  case  of  a  man  on  whom  I)r, 
Parkes  experimented,  4  fluid  ounces  of  hrandy  ( =  1  *8  fluid  ounces  of  absolute 
alcohol)  did  not  apparently  att'ect  labour,  though  it  could  not  be  affirmed  it  did 
not  do  so ;  but  4  ounces  more  given  after  four  hours,  when  there  must  have 
been  some  elimination,  lessened  muscular  force ;  and  a  third  4  ounces,  given 
four  hours  afterwards,  entirely  destroyed  the  power  of  work.  The  reason 
was  evidently  two-fold.  There  was,  in  the  first  place,  narcosis  and  blunting 
of  the  nervous  system — the  will  did  not  properly  send  its  commands  to  the 
muscles,  or  the  muscles  did  not  respond  to  the  will ;  and  secondly,  the  action 
of  the  heart  was  too  much  increased,  and  induced  palpitation  and  breathless- 
ness,  which  put  a  stoj)  to  labour.  The  inferences  were,  that  even  any  amount 
of  alcohol,  although  it  did  not  produce  symptoms  of  narcosis,  would  act 
injuriously  by  increasing  unnecessarily  the  action  of  the  heart,  which  the 
labour  alone  had  sufficiently  augmented. ^  These  experiments  are  in  accord 
with  common  experience,  which  shows  that  men  engaged  in  very  hard  labour, 
as  iron-puddlers,  glass-blowers,  navvies  on  piece-work,  and  prize-fighters 
during  training,  do  their  work  more  easily  without  alcohol 

In  the  exhaustion  following  great  fatigue,  alcohol  may  be  useful  or  hurtful 
according  to  circumstances.  If  exertion  must  be  resumed,  then  the  action  of 
the  heart  can  be  increased  by  alcohol  and  more  blood  sent  to  the  muscles ;  of 
course,  this  must  be  done  at  the  expense  of  the  heart's  nutrition,  but  circum- 
stances may  demand  this.  In  the  case  of  an  army,  for  example,  called  on  to 
engage  the  enemy  after  a  fatiguing  march,  alcohol  might  be  invigorating.  But 
the  amount  must  be  small,  i.e.,  much  short  of  producing  narcosis  (not  more 
than  1  fluid  ounce  of  absolute  alcohol),  and,  if  possible,  it  should  be  mixed 
with  Liebig's  meat  extract,  which,  perhaps  on  account  of  its  potash  salts,  has 
a  great  power  of  removing  the  sense  of  fatigue. 

About  two  ounces  of  red  claret  wine  wdth  two  teaspoonsfuls  of  Liebig's 
extract  and  half  pint  of  water  is  a  very  reviving  draught,  and  if  it  could  be 
issued  to  troops  exhausted  by  fatigue,  would  prove  a  most  useful  ally. 

But  when  renewed  exertion  is  not  necessary  it  woidd  appear  most  proper 
after  great  fatigue  to  let  the  heart  and  muscles  recruit  themselves  by  rest  ;^  to 
give  digestible  food,  but  to  avoid  unnecessary  and  probably  hurtful  quickening 
of  the  heart  by  alcohol. 

Mental  Work. — In  spite  of  much  large  experience,  it  is  uncertain  whether 
alcohol  really  increases  mental  power.    The  brain  circulation  is  no  doubt  aug- 

1  In  experimentiug  on  another  healthy  man  the  following  interesting  result  was  obtained.  The 
exercise  aiiddiet  being  uniform  during  a  period  of  ten  days,  the  mean  daily  pulse  (nine  two- 
liourly  observations)  was  70-65.  Severe  exercise  being  then  taken  during  another  period 
of  ten  days  for  two  hours  in  the  morning,  in  addition  to  what  had  previously  been  taken,  the 
pulse  in  those  two  hours  was  augmented  16  beats  per  minute  over  the  corresponding  period^ 
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by  it  was  the  same  on  days  of  moderate  and  of  severe  exercise.  Now  alcoho  wouUl  have 
disturbed  this  adjustment,  and  would  have  kept  the  heart  beating  more  rapidly  than  it  should 
do.  The  compensation  would  not  have  been  produced.  In  morc  recent  experiments,  m  1  ch 
the  effects  of  rum,  meat  extract,  and  coffee  were  observed,  it  was  found  that  marching  ^  as 
done  least  easily  with  rum,  the  stimulant  eflect  passing  quickly  olf,  and  leaving  tlie  "'an  k^s 
able  to  finish  the  work  before  him.-(OM  the  Issue  of  a  Hpirit  liatioti  m  t/ieAs/ianit  Campaign, 
Parkes,  1875.) 
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mented  in  rapidity  ;  the  nervous  tissues  must  receive  more  nutrnnent,  and  for- 
a  time  must  work  more  strongly.  Ideas  and  images  may  be  more  plentifully 
produced  but  it  is  a  question  whether  the  power  of  clear,  consecutive,  and 
continuous  reasoning  is  not  always  lessened.  In  cases  of  great  exhaustion 
of  the  nervous  system,  as  when  food  has  been  withheld  for  many  hours  and 
the  mind  bec^ins  to  work  feebly,  alcohol  revives  mental  power  greatly,  pro- 
bably from  the  augmented  circulation.  But,  on  the  whole,  it  seems  question- 
able whether  the  brain  finds  in  alcohol  a  food  which  by  itself  can  aid  m  mental 

'^^Deficiencij  of  i^bod— When  there  is  want  of  food,  it  is  generally  considered 
that  alcohol  has  a  sustaining  force,  and  possibly  it  acts  partly  by  keeping  up 
the  action  of  the  heart,  and  partly  by  deadening  the  susceptibility  of  the 
nerves.  It  was  formerly  supposed  that  it  lessened  tissue-change,  and  thus 
curtailed  the  waste  of  the  body ;  but  this  is  not  true  of  the  nitrogenous 
tissues,  and  is  not  yet  quite  certain  in  respect  of  the  carbonaceous.  It  seems 
unlikely  that  alcohol  would  be  applied  differently  during  starvation  and  during- 
usual  feeding. 

Cases  are  recorded  in  which  persons  have  lived  for  long  periods  on  almost 
nothing  but  wine  and  spirits.  In  most  cases,  however,  some  food  has  been 
taken,  and  sometimes  more  than  was  supposed,  and  in  all  instances  there  has 
been  great  quietude  of  mind  and  body.  It  seems  very  doubtful  whether  in 
any  case  nothing  but  alcohol  has  been  taken  j  and,  in  fact,  we  may  fairly 
demand  more  exact  data  before  weight  can  be  given  to  this  statement. 

The  Exposures  and  Exertions  of  War. — On  this  point  also  there  is  con- 
siderable unanimity  of  opinion.  The  greatest  fatigues,  both  in  hot  and  cold 
climates,  have  been  well  borne — have  been,  indeed,  best  borne — by  men  who 
took  no  alcohol  in  any  shape,  and  some  instances  may  be  quoted. 

In  the  American  War  of  Independence  in  1783,  Lord  CornwaUis  made  a 
march  over  2000  miles  in  Virginia,  under  the  most  trying  circumstances  of 
exposure  to  cold  and  wet ;  yet  the  men  were  remarkably  healthy,  and  among 
the  causes  for  this  health,  Chisholm  states  that  the  necessary  abstinence  from 
strong  liquors  was  one. 

In  1794-95  occurred  the  Maroon  war  in  Jamaica,  where  almost  for  the  first 
time  in  West  Indian  warfare  the  troops  were  remarkably  healthy,  though  the 
campaign  was  very  arduous,  and  in  the  rainy  season,  and  there  were  no  tents. 
The  perfect  health  of  the  troops  may  partly  have  been  owing  to  the  climate 
of  the  hills  (2000  feet  above  the  sea),  but  it  was  chiefly  attributed  to  the  fact 
that  the  men  could  obtain  no  spirits  or  alcoholic  liquid  of  any  kind. 

In  1800  an  English  army  proceeding  from  India  to  Egypt,  to  join  Sir  Ealph 
Abercromby,  marched  across  the  desert,  from  Kossier  on  the  Ked  Sea,  and 
descended  the  Mle  for  400  miles.  Sir  James  M'Grigor^  says  that  the  fatigue 
in  this  march  has  perhaps  never  been  exceeded  by  any  army,  and  goes  on  to 
remark — 

"Wc  received  still  further  confirmation  of  the  very  great  inflnence  which,  intemperance 
has  as  a  cause  of  disease.  We  had  demonstration  ho-sv  very  little  spirits  are  required  in 
a  hot  climate  to  enable  a  soldier  to  bear  fatigue,  and  lio-w-  necessary  a  regular  diet  is. 

"At  Ghenne,  and  on  the  voyage  do-wn  the  Nile  (on  account  of  the  difficulties  of  at 
first  conveying  it  across  the  desert),  the  men  had  no  spirits  delivered  out  to  them,  and  I 
am  convinced  that  from  this  not  only  did  they  not  suff'er,  but  that  it  even  contributed 
to  the  uncommon  degree  of  health  -which  they  at  this  time  enjoyed.  From  two  boats  the 
soldiers  one  day  strayed  into  a  village,  where  the  Arabs  gave  them  as  much  of  the  spirit 
which  they  distil  from  the  juice  of  the  date-tree  as  induced  a  kind  of  furious  delirium. 
It  was  remarked  that,  for  three  months  after,  a  considerable  mimber  of  these  men  were 
in  the  hospitals. " 


^  Medical  Sketches  of  the  Expeditimi  to  Egypt,  p.  10. 
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Dr.  Mann,^  one  of  the  few  American  surgeons  in  the  war  of  1813-14:  who 
have  left  any  account  of  that  contest,  thus  writes  : — 

"  My  opinion  lias  long  been  tlmt  ardent  spirits  are  an  unnecessary  part  of  a  ration. 
Examples  may  be  furnished  to  demonstrate  that  ardent  spirits  are  a  useless  part  of  a 
soldier's  ration.  At  those  periods  during  tlic  revolutionary  war,  when  the  army  received 
no  pay  for  their  services,  and  possessed  not  the  means  to  procure  spirits,  it  was  healthy. 
The  4th  Massachusetts  Uegiment,  at  the  eventful  period  when  I  was  the  surgeon,  lost 
in  three  years  by  sickness  not  more  than  five  or  six  men.  It  was  at  a  time  when  the 
■army  was  destitute  of  money.  During  tlie  winter  1779  -80  there  was  only  one  occurrence 
of  fever  in  the  regiment,  and  that  was  a  pneumonia  of  a  mild  form.  It  was  observable 
in  the  last  war,  from  December  1814  to  April  1815,  the  soldiers  at  Plattsburgh  were  not 
attacked  with  fevers  as  they  had  been  the  preceding  winters.  The  troops  during  this 
period  were  not  paid— a  fortunate  circumstance  to  the  army,  arising  from  want  of  funds. 
This  embarrassment,  which  was  considered  a  national  calamity,  proved  a  blessing  to  the 
■soldier.  When  he  is  found  poor  in  money,  it  is  always  the  case  that  he  abounds  in 
health— a  fact  worth  recording." 

No  testimony  can  be  stronger  than  that  given  by  the  late  Inspector-General 
Sir  John  Hall,  K.C.B.    He  says2  :— 

' '  My  opinion  is,  that  neither  spirit,  wine,  nor  malt  liquor  is  necessary  for  health.  The 
healthiest  army  I  ever  served  with  had  not  a  single  drop  of  any  of  them  ;  and  although 
it  was  exposed  to  all  the  hardships  of  Kaffir  warfare  at  the  Cape  of  Good  Hope,  in  wet  and 
inclement  weather,  without  tents  or  shelter  of  any  kind,  the  sick-list  seldom  exceeded 
one  per  cent.  ;  and  this  continued  not  only  throughout  the  whole  of  the  active  operations 
in  the  field  during  the  campaign,  but  after  the  men  were  collected  in  standing  camps  at 
its  termination  ;  and  this  favourable  state  of  things  continued  until  the  termination  of 
the  war.  But  immediately  the  men  were  again  quartered  in  towns  and  fixed  posts,  -where 
they  had  free  access  to  spirits,  an  inferior  s])ecies  of  brandy  sold  there,  technically 
called  '  Cape  Smoke,'  numerous  complaints  made  their  appearance  among  them. 

"  In  Kafl'raria  the  troops  were  so  placed  that  they  had  no  means  of  obtaining  liquor  ot 
any  kind:  and  all  attempts  of  the  'Winklers'  to  infringe  the  police  regulations  were 
so  summarily  and  heavily  punished  by  fines  and  expulsion,  that  the  illicit  trade  was 
effectually  suppressed  by  Colonel  Mackinnon,  the  Commandant  of  British  Kaffraria  ;  and 
the  consequence  was,  that  di'unkenness,  disease,  crime,  and  insubordmation  were 
unknown  ;  and  yet  that  army  was  frequently  placed  in  the  very  position  that  the 
advocates  for  the  issue  of  spirits  would  have  said  required  a  dram.  _ 

"  Small  as  the  amount  of  sickness  and  mortality  was  m  the  Crimea,  during  the  winter 
1855-56,  they  would  have  been  reduced  one-half,  I  am  quite  sure,  could  the  rule  that 
was  observed  in  Kaffirland  have  been  enforced  there." 

In  the  same  Kaffir  war  (1852),  a  march  was  made  by  200  men  from 
Graham's  Town  to  Bloemfontein,  and  back;  1000  miles  were  covered  m 
seventy-one  days,  or  at  the  rate  of  nearly  15  miles  daily;  the  men  were 
almost  naked,  were  exposed  to  great  variations  of  temperature  (excessive  heat 
durino-  dav  ;  while  at  night  water  froze  in  a  beU-tent,  with  twenty-one  men 
sleeping  in  it)  ;  and  got  as  rations  only  biscuit,  meat  1|  ft  and  what  game 
thev  could  kill  For  drink  they  had  nothing  but  water.  Yet  this  rapid  and 
laborious  march  was  not  only  performed  easily  but  the  men  were  more 
healthy  than  they  had  ever  been  before;  and  after  the  first  few  days, 
ceased  to  care  about  spirits.  No  man  was  sick  till  the  end  of  the  march, 
Ten  two  men  got  dysentery,  and  these  were  the  only  two  who  had  the  chance 

l^^^^^^n:L^  war,  Dr.  Neill  (Staff  Assistant  Surgeon)  fou^^^^^^^^^ 
the  troops  marched  better,  even  when  exposed  to  wet  and  cold,  when  no 
spirits  were  issued,  than  when  there  was  a  spirit  ration. 
^  In  the  expedition  to  the  Eed  Kiver,  under  Sir  Game  Wolse  ey  no  alco 
holic  liquid  was  issued.    Two  accounts  of  this  remarkable  march  l^ave  been 
published-one  by  Captain  Huyshe,^  and  the  other  by  an  officer  wjiomote 

1  Hamilton,  Military  Surgery, -p.  61. 

2  Malical  History  of  the  War  in  the  Crmua,  vol.  i.  p.  504. 

3  Journal,  United  Service  Institution,  1871,  vol.  xv.  p. 
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an  interesting  account  of  the  march  in  Bladaoood's  Magazirie.^  Captain 
Huyshe  says : — 

"AlthoiTcrli  it  was  an  unheard-of  thing  to  send  off  an  expedition  into  a  wilderness  for 
fivp  -m nil th?  without  any  spirits,  still  as  the  backwoodsman  was  able  to  do  hard  work 
Shrt  s^iTi  it  t  thought  that  the  British  soldiers  could  do  the  same.  The 

men  were  allowed  a  large  daily  ration  of  tea,  1  oz.  per  man-practically  as  much  as  they 
could  drink  •  and  as  I  am  now  on  this  subject  of  bohea  versus  grog,  I  may  as  well  state 
that  the  experiment  was  most  successful.  The  men  of  no  previous  expedition  have  ever 
b°en  called  upon  to  perform  harder  or  more  continuous  labour  for  over  four  months.  .  .  . 
They  were  always  cheery,  and  worked  with  a  zealous  will  that  could  not  be  surpassed. 
This  expedition  would  have  been  a  bright  era  in  our  military  annals  had  it  no  other 
result  than  that  of  proving  the  fallacy  hitherto  believed  in  of  the  necessity  of  providing 
our  men  when  in  the  field  with  intoxicating  liquors." 

The  writer  in  Blackwood's  Magazine  says  : —  / 

"The  men  were  pictures  of  good  health  and  soldier-like  condition  whilst  stationed  at 
Prince  Arthur's  Lauding  and  the  other  larger  camps.  The  men  had  fresh  meat,  bread, 
and  potatoes  every  day.'  No  spirits  were  allowed  throughout  the  journey  to  Fort  Garry, 
but  all  ranks  had  daily  a  large  ration  of  tea.  This  was  one  of  the  very  few  military  ex- 
peditions ever  undertaken  by  English  troops  where  intoxicating  liquors  formed  no  part 
of  the  daily  ration.  It  was  an  experiment  based  upon  the  practice  common  in  Canada, 
where  the  lumbermen,  who  spend  the  whole  winter  in  the  backwoods,  employed  upon  the 
hardest  labour,  and  exposed  to  a  freezing  temperature,  are  allowed  no  spirits,  but  have 
an  unlimited  quantity  of  tea.  Our  old-fashioned  generals  accept,  without  any  attempt 
to  question  its  truth,  the  traditional  theory  of  rum  being  essential  to  keep  the  British 
soldier  in  health  aud  humour.  Let  us  hope  that  the  experience  we  have  acquired  during 
the  Eed  River  expedition  may  have  buried  for  ever  this  old-fogyish  superstition.  Never 
have  the  soldiers  of  any  nation  been  called  upon  to  perform  more  unceasingly  hard  work, 
and  it  may  be  confidently  asserted  without  dread  of  contradiction,  that  no  men  have 
ever  been  more  cheerful  or  better  behaved  in  every  respect.  No  spirit  ration  means  no 
crime  ;  aud  even  the  doctors  who  anticipated  serious  illness  from  the  absence  of  liquor, 
will  allow  that  no  troops  have  ever  been  healthier  than  they  were  from  the  beginning 
to  the  end  of  the  operation.  With  the  exception  of  slight  cases  of  diarrhoea,  arising 
from  change  of  diet,  it  may  be  said  that  sickness  was  unknown  amongst  us." 

Sir  Garnet  Wolseleyj^  who  commanded  in  this  remarkable  expedition, 
speaks  very  strongly  against  the  rum  ration,  and  says  that,  by  substituting  tea 
for  rum,  the  health  and  efficiency  of  the  men  are  increased,  "  their  discipline 
will  improve  as  their  moral  tone  is  raised,  engendering  a  manly  cheerfulness 
that  spirit-drinking  armies  know  nothing  of." 

In  the  Ashanti  campaign  of  1874  observations  were  carefully  recorded  by 
several  officers.  ^  The  conclusions  arrived  at  were — 1.  That  abstinence  did 
not  render  those  who  abstained  more  sickly  as  a  whole  or  more  liable  to 
malarious  fever ;  nor  did  it  interfere  -vvith  their  powers  of  marching.  2.  The 
issue  of  a  ration  of  rum  seemed  to  do  good  when  given  at  the  end  of  the  day 
before  going  to  rest.  3.  That  the  quantity  (2|  oz.)  was  amjDly  sufficient. 
On  the  whole  the  necessity  for  the  ration  was  by  no  means  proved,  although 
some  officers  returned  rather  shaken  in  their  previous  belief  that  alcohol  was 
absolutely  unnecessary  in  a  military  expedition. 

In  sieges,  which  are  perhaps  more  trying  to  men  than  campaigning  in  the 
open  field,  the  advantage  of  temperance  has,  on  two  occasions,  been  very 
marked.  In  the  great  siege  of  Gibraltar,  Sir  George  Eliott,  who  was  a 
teetotaller,  enforced  the  most  rigid  temperance,  and  the  long  and  arduous 
blockade  was  passed  through  with  remarkably  little  sickness.  At  the  sierre 
of  Jellalabad,  in  Affghanistan,  the  "illustrious  garrison  were  quite  destitute 
of  all  alcoholic  liquors ;  and,  to  the  astonishment  of  the  officers,  the  Europeans 
never  had  been  so  healthy,  cheerful,  martial,  and  enduring  and  free  from  crime. 


\  Ja^yary  1871,  p.  64.  2  Soldiers'  Pocket  Book,  2nd  edition  t)  172 
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During  the  Indian  mutiny  many  regiments  were  debarred  from  spirits  foi-  a 
long  time,  and  were  much  healthier  than  when  they  got  thetn. 

In  fact,  it  may  he  confidently  asserted  that  in  war,  spirits  especially,  and 
indeed  all  alcoholic  liquors,  ai-e  hotter  avoided  ;  and  the  phrase  of  an 
American  army  surgeon  in  the  civil  war,  who  noticed  how  great  was  tlie 
improvement  when  spirit  i)rohihition  was  enforced,  is  fully  justified  by  our 
own  experience — "  The  curse  of  an  army  is  intoxicating  liquors ;  the  spirit 
ration  is  the  source  of  all  this  mischief." 

When  debarred  from  spirits  and  fermented  liquids,  men  are  not  only  better 
behaved,  but  are  far  more  cheerful,  are  less  irritable,  and  endure  better  the 
hardships  and  perils  of  war.  The  courage  and  endurance  of  a  drunkard  aie 
always  lessened ;  but  in  a  degree  far  short  of  drunkenness,  spirits  lower,  while 
temperance  raises,  the  boldness  and  cheerfulness  of  spirit  which  a  true  soldier 
should  possess.! 

Looking  back  to  this  evidence,  it  may  be  asked,  Are  there  any  circumstancos 
of  the  soldier's  life  in  which  the  issue  of  spirits  is  advisable,  and  if  the  question 
at  any  time  lies  between  the  issue  of  spirits  and  total  abstinence,  which  is  the 
best? 

There  seems  but  one  answer.  If  spirits  neither  give  strength  to  the  body, 
nor  sustain  it  against  disease— are  not  protective  against  cold  and  wet,  and 
aggravate  rather  than  mitigate  the  effects  of  heat— if  their  use  even  in 
naoderation  increase  crime,  injure  discipline,  and  impair  hope  and  cheerful-  . 
ness— if  the  severest  trials  of  war  have  been  not  merely  borne,  but  most  easily 
borne,  without  them— if  there  is  no  evidence  that  they  are  protective  against 
malaria  or  other  diseases— then  the  medical  officer  will  not  be  justified  in 
sanctioning  their  issue  under  any  circumstances. 

The  terrible  system  which  in  the  East  and  West  Indies  made  men  drunkards 

1  The  custom  of  giving  rations  of  spirits  to  soldiers  and  sailors  (even  now  not  altogether  dis- 
continued) was  one  of  those  incredible  mistakes  which  are  only  made  worse  by  the  explanation 
that  it  was  done  to  please  the  men,  and  cover  neglect  in  other  ways.  If  any  one  wishes  to 
see  what  our  army  was  in  former  days,  and  how  dreadful  military  regulations  made  men 
drunkards  in  spite  of  themselves,  they  may  refer  to  an  old  Pemnsular  surgeon's  (William 
Ferg  son's  mtes  and  Recollections  of  a  Professional  Life  (1846).  "  Durmg  the  last  war '(he 
savf  P  74)  "  our  sailors  and  soldiers  appeared  to  live  for  the  purpose  of  gettmg  drunk  ;  vaW 
tl?em?tseeLdtobethechiefarticleoftheircreed-thechiefendoflife.._.  .  .  'Grog,grog,' 
was  still  trcry  I  have  seen  it,  as  it  were,  forced  do^vu  the  throats  of  the  innocent  negro  boy 
and  the  uncorr?pted  young  recruit.  We  seemed  to  believe  that  the  teim  aq_ua  mice  was  its  true 
cinatln.^^^^^^^^^^^  was  to  have  it ;  no  matter  what  the  age,  ^^^^^f  ^'[^f  °[^^^^^ 
breedin-  Our  Portuguese  allies  in  the  Peninsula  were  the  soberest  of  mankind.  They  iked 
thefr  own  weak  country  wine  to  dilute  their  food,  but  that  would  not  do  for  us.  We  actually 
seS  fSIrum  of  the  West  Indies  and  gave  it  them ;  and  at  the  battle  of  Busaco,  I  saw  a  par  y 
of  Portuguese  arti  lery  as  soon  as  the  rum  ration  was  served,  as  if  they  had  been  possessed  by 
f  de?  1  Sf  the^  a^^^^^^^^^  possessed  by  a  devil  in  the  shape  of  alcohol)  dxaw  their  swords 

nnd  fi^ht  with  one  another,  when  actually  under  the  fire  of  the  enemy   (p.  8o). 

He  dteT  n  me^^^^^^^^  lamentable  facts,  and  well  concludes  that  «  our  canteen  system 
win  in  after  Smes  be  viewed  with  horror  and  astonishment,  at  its  folly,  corruption,  and  wicked- 

ganty  of  the  prejudice  that  a,  dent  spmts  impan  f  ^  ^^^^  ^  .^^^^  authority, 
.hsgraceful  to  educated         ^  "Yif  ^^^^^^^^  all  crmie  and  insubordination  ;  although 

Although  m  the  army  fln"!^!'^?,^;^'^^!'.^;  that,  even  during  an  assault,  men 

even  within  late  years  we  ^^^^^^^.f  i^^^'^^^^^^X^^^  although  the  best  officers  know 

will  sacrifice  anything,  even  the  r  honour,  to  obtain  s^^^^^^^  5  nttle  has  been 

that  this  is  the  one  point  on  which  they  ^f^^^t  depend  on  then  n^^^        been  done  ;  on  the 
done  to  make  our  army  temperate.    This  does  not  mean  tbat  othm  has  ^^ej  ^ 
contrary,  in  this,  as  in      thinf  s,  P^^^^^^^^^^  f  tVe^ris^n?  question  that  more 
control  an  evil  so  gigantic.    It  is  the  same  tl^^n  by  any  other  cause,  and  that 

disease  is,  directly  and  indirectly,  prof^^^ed  by  dumlveuness  tna^^^^^^^  reckoning  and  yet 
the  moral  as  well  as  the  physical  evils  proceedmg  ^^^f^^^^^^^^  opposed 
the  attempts  of  the  Legislature  to  set  ^ome  bounds  to  intem^^^^^^  S  „ot  the  iniprovemeut 
\vith  a  bitterness  which  could  only  be  justified  if  the  degraaatiou  aiiu  noi  i 


of  mankind  was  desired. 
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in  spite  of  themselves,  and  which  by  the  issue  of  the  morning  dram  did  more 
than  anything  else  to  shatter  the  constitutions  of  the  young  soldiers,  is  now 
becoming  a  thing  of  the  past.  But  the  soldier  is  still  permitted  to  get  spirits 
too  easily,  and  is  too  ignorant  of  their  fatal  influence  on  his  health.  Still 
the  British  army  bears  the  unhappy  character  of  the  most  intemperate  army 
in  Europe,  and  it  is  certain  that  its  moments  of  misconduct  and  misfortune 
have  been  too  frequently  caused  by  the  unrestrainable  passion  for  drink. 
Remembering  all  these  things,  and  how  certainly  it  has  been  proved  that 
drunkenness  increases  the  spread  of  syphilis,  it  is  not  too  much  to  say  that 
the  repression  of  this  vice  should  be  one  of  the  chief  duties  of  every  officer 
in  the  army.  Moderation  should  be  encouraged  by  precept  and  example  ; 
wholesome  beer  and  light  wine  should  be  invariably  substituted  for  spirits, 
and  if  these  cannot  be  procured,  it  may  safely  be  said  that  the  use  of  tea, 
coffee,  or  simple  water  is  preferable  to  spirits  under  all  circumstances  of  the 
soldier's  life. 

Resistance  to  Disease.— Malaria. — There  are  instances  for  and  against  the- 
view  that  spirits  are  useful  against  malaria.  On  both  sides  the  evidence  is 
defective ;  but  there  are  so  many  cases  in  which  persons  have  been  attacked 
with  malarious  disease  who  took  spirits,  that  it  is  impossible  to  consider  the 
preventive  powers  great,  even  if  they  exist  at  all.  On  the  other  hand,  when 
teetotallers  have  escaped  malaria  (as  in  the  instance  recorded  by  Drake),i 
there  have  been  other  circumstances,  such  as  more  abundant  food  and  better 
lodging,  which  will  explain  their  exemption.  The  probability  is,  that  the 
reception  and  action  of  malaria  are  not  influenced  by  the  presence  or  absence 
of  alcohol  in  the  blood  unless  the  amount  of  alcohol  is  so  great  as  to  lessen 
the  amount  of  food  taken. 

Yellow  Fever. — It  is  a  general  opinion  in  New  Orleans  and  Mobile  that  the 
victims  of  yellow  fever  are  chiefly  those  who  drink  freely  (Drake).  The  old 
West  Indian  experience  is  to  the  same  effect. 

Cholera.. — Intemperance,  per  se,  has  no  influence,  and  teetotalism  does  not 
guard  against  cholera.  When  a  regiment  is  attacked  with  cholera,  and  the 
men  take  to  drinking,  a  number  of  pseudo-cases  come  into  hospital  of  vomiting 
and  cramps,  which  are  often  returned  as  cholera,  but  they  seldom  if  ever  pass 
into  true  cholera. 

Bi/sente^y. — It  has  been  supposed,  from  some  statistics  for  1847,  published 
in  the  Fo7't  George  Gazette,  that  teetotallers  were  more  subject  to  dysentery, 
but  the  error  was  committed  of  not  estimating  sufficiently  the  influence  of 
a  particular  station  (Secunderabad),  where  it  is  so  happened  a  number  of 
teetotallers  were  stationed  during  an  outbreak  of  dysentery.  The  conditions 
of  the  station  were  to  blame,  not  the  habits  of  the  men. 

In  none  of  the  conditions  now  enumerated  is  there  any  evidence  that 
alcohol  is  desirable. 


Conclmion  as  to  the  Use  of  Alcohol. 

_  The  facts  now  stated  make  it  difficult  to  avoid  the  conclusion  that  the 
dietetic  value  of  alcohol  has  been  much  over-rated.  It  does  not  appear 
possible  at  present  to  condemn  alcohol  altogether  as  an  article  of  diet  in 
health ;  or  to  prove  that  it  is  invariably  hurtful,  as  some  have  attempted  to 
do.^  It  produces  effects  which  are  often  useful  in  disease  and  sometimes 
aesnable  in  health,  but  in  health  it  is  certainly  not  a  necessity,  and  many 
persons  are  much  better  without  it.    As  now  used  by  mankind  (at  least  in 

1  On  the  Interior  Valley  of  North  America. 
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our  own,  and  in  many  other  countries),  it  is  infinitely  more  powerful  for  evil 
than  for  good ;  and  though  it  can  hardly  be  imagined  that  its  dietetic  use 
will  cease  in  our  time,  yet  a  clearer  view  of  its  effects  must  surely  lead  to  a 
lessening  of  the  excessive  use  which  now  prevails.  As  a  matter  ot  public 
health,  it  is  most  important  that  the  medical  profession  should  throw  its  great 
influence  into  the  scale  of  moderation;  should  explain  the  limit  of  the  useful 
power,  and  show  how  easily  the  line  is  passed  which  carries  us  from  the 
region  of  safety  into  danger,  when  alcohol  is  taken  as  a  common  article  of 
food.i 

Dietetic  Use  of  Alcoholic  Beverages. 

In  the  previous  remarks,  the  effect  of  alcohol  only  has  heen  discussed,  but 
beer  and  wine  contain  other  substances  besides  alcohol.  _ 

In  wine  there  are  some  albuminous  substances,  much  sugar  (m  some  wines), 
and  other  carbo-hydrates,  and  abundant  salts.    Wliether  it  is  that  the 
amount  of  alcohol  is  small,  or  whether  the  alcohol  be  itself,  m  some  way 
different  from  that  prepared  by  distillation, ^  or  whether  the  co-existence  of 
carbo-hydrates  and  of  salts  modifies  its  action,  certam  it  is  that  the  moderate 
lie  of  wine,  which  is  not  too  rich  in  alcohol,  does  not  seem  to  lead  o  those 
profound  alterations  of  the  molecular  constitution  of  organs  which  foUow  the 
Te  0   spirits,  even  when  not  taken  largely.    Considering  the  large  amount, 
of  vegetable  salts  which  most  wines  contain,  it  may  reasonably  be  supposed 
that  they  play  no  unimportant  part  in  giving  dietetic  value  to  wine,  indeed 

t  s  quiL'ceLin  that'ih  one  point  of  view,  they  are  -est  - lu^^^^ 
are  hi-hly  anti-scorbutic,  and  the  arguments  of  Lmd  and  Gillespie,  lor  the 
StroductL  of  red  wine  into  the  royal  navy  instead  of  spirits,  have  been 
Wet^^^^^^^^  in  our  own  time  by  both  French  and  English  experience. 

I  Tnow  ^^^^^^    that  with  the  same  diet,  but  giving  in  one  -se  r^^^^^^^ 
in  another  rum,  the  persons  on  the  latter  _  system  will  ^^^^^ /^^^^^^^^^ 
before  those  who  take  the  wine.    This  is  a  most  ^-P-^ant  fact  and  in  a 
campaign  the  issue  of  red  wines  should  never  be  omitted     The  ethers  may 
a?s7be^mportant  if,  as  indicated  by  Bernard,  ^Ibv 
Dr  B  Forster,3  they  excite  the  flow  of  the  pancreatic  secretion,  and  theiebj 

^Tteer%tratlr'tf  be  four  ingredients  of  importance,  viz  the 

as  starchand  sugar,  appropriating  the  ^^^Xtr^^^^ 

n  tttZ  f a?The~:at^^^^^^^^^^  — ic  and 

their  amount  is  ^^o^^^^^" ^'"J  336^^  P^ay  so  useful  apart.  The 

rapidily  becoming  addicted  to  drmk.  ^  ^lus  s  ^^id  to  ly  ^^^^^  alcoholic  iquors 

Government  permitting,  and  even  e»couragin- the  sale  m  their  prohibition  is  not  dilhcultj 
form  no  part  of  the  ordinary  food  of     J^^^p^e  ^^^^^^^^  ^vho/as  the  dominant  race  are 

and  partly  from  the  bad  examp  e  t^'^^"  "X^^  It'seems  a  matter  .vhich  our  states- 
imprLsing  more  and  more  the  nations  ^vhom  thc>  c^^^^^^^ 

men  may  well  look  into,  for  it  involves  the  li^Pf«f""'„,r  difference  between  the  alcohol  m 

2  Thudichnm  and  Dupre  conld  not,  however,  trace  fV^^J;^^^^  Journal,  Nov.  186S. 
wines  and  that  derived  from  other  sources. 
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It  is  evident  that  in  beer  we  have  a  beverage  which  can  answer  several 
purposes,  viz.,  can  give  a  supply  of  carbo-hyclratos,  of  acid,  of  important  salts 
and  ot  a  bitter  tonic  (if  such  be  needed)  independent  of  its  alcohol  but 
Whether  it  is  not  a  very  expensive  way  of  giving  these  substances '  is  a 
question. 


In  moderation,  it  is  no  doubt  well  adapted  to  aid  digestion,  and  to  lessen 
to  some  extent  the  elimination  of  fat.  It  may  be  inferred  that  beer  will 
cause  an  increase  of  weight  of  the  body,  by  increasing  the  amount  of  food 
taken  m  and  by  slightly  lessening  metamorphosis ;  and  general  experience 
confirms  those  inferences.  When  taken  in  excess,  it  seems  to  give  rise  to 
gouty  afiFections  more  readily  even  than  wine. 

thor}FfhS/^'°^°^  ''if^'  main  ingredient,  chiefly  in  the  form  of  ethyl-alcohol, 

!lcohoIs   T.    .'r?'^^  r^^'^*'      P^°P^^-'  in  some  cases  amjl- 

alcohols.    In  addition,  there  are  sometimes  small  quantities  of  ether  •  and 

cape  brandy),  which  have  a  powerful  action  on  the  nerves.    But  spirits  are 

^r''^'  contain  The  i^Kn^ 

wmcn  give  dietetic  value  to  wme  and  beer.    They  are  also  more  dangerous 

^weTtf^eXif;^^^^^^  ™'  -^^^  itllJohoi-- 


SECTION  II. 
NON-ALCOHOLIC  BEVERAGES. 
Sub-Section  I. — Coffee. 


Unroasted  coffee  contains  much  cellulose  (34  per  cent  ^  f«f  nn      i  q 
cent.),  sugar  and  dextrin,  and  vec^etable  L  d  H        .V^  i    ^       /Jn  P^"" 
cent.)    There  is         o  Jr^     y^^^etaDie  acia  (15  5),  and  legumm  (10  per 

total  amount  Tcaffe  n  fri  k"'  F^^^V^orio  acid.  The 

coffee  berries  the  aTeral  other  observers  have  found.    In  roasted 

cent,  of  caffeL    IIS  has  re„?br:'  ^"^T^'  ^^^'^^^^  '238  per 

and  Witte  makes  it  666  Per  c?nt         h  '^"^  *°  '^^  P'''' 

it  as  -87  per  cent.    It  L^y  be  a;snmrd  t^',  '''^1  Campbell  stat,^ 

Aubert  found  that  rmS  %   T     '°      ''^  Per  cent,  on  an  ayerare 
caffein.    S  caffl  ^1^!  Tf"      any  extent  caused  yery  little  loss  of 
When  coffe„  ;o  l  '^'^^'^'^oted  easily  by  benzol  or  by  chloroform  ^ 

conZ  a  tretff    sTrk  ^  X  ^  X  "^""'^  't^'  ^5  per 

2  clff'-'^'  -^^y  ^^y^-^  Band  V  p  589  ~         ~~  '  " 

sc.£lfF' "  ttef  ti^^™t- rx'r ' 
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roasted  coffee  swells  so  much.i  In  the  infusion  almost  all  the  caffein  is 
found,  according  to  Aubert,  while  others  say  about  one-half  is  lost,  Aubert 
has  found  that  in  a  cup  of  coffee  made  with  16-66  {grammes,  or  '587  ounce 
avoirdupois  (1  Prussian  loth),  there  are  from  -1  to  -12  grammes  (  =  1  -5  to  1-9 
grains  of  caffein).  In  a  cup  of  tea  made  from  5  to  6  grammes  (  =  77  to  92 
grains)  of  tea,  about  the  same  amount  of  caffein  is  contained. 

As  an  article  of  diet,  coffee  stimulates  the  nervous  system,  and  in  large 
doses  produces  tremors.  Caffein  given  to  animals  augments  reflex  action,  and 
may  produce  tetanus,  or  peculiar  stiffness  of  muscles.  It  increases  the 
frequency  of  the  pulse  in  men,  and  removes  the  sensation  of  commencing 
faticTue  during  exercise.  It  has  been  said  (J.  Lehmann  and  others)  to  lessen 
the  "amount  of  urea  and  phosphoric  acid,  but  this  is  doubtful.^  It  appears, 
however,  to  increase  the  urinary  water.  The  pulmonary  carbon  dioxide  is 
said  to  be  increased  (E.  Smith).    It  increases  the  action  of  the  skm. 

In  animals  (frogs,  dogs,  and  rabbits)  caffein  produces  the  following  effects, 
as  determined  by  Aubert  and  others  :— Increased  reflex  action;  a  peculiar 
stiffness  of  the  muscles,  sometimes  tetanus ;  no  lessening  of  nervous  excita- 
bility •  an  invariable  increase  in  pulse-frequency,  and  a  lessening  of  the  blood- 
pressure  (in  dogs).  This  effect  on  the  circulation  is  pecuhar  and  coniplex. 
Aubert  is  convinced  that  the  work  of  the  heart  is  less,  m  spite  of  the  in- 
creased beats ;  there  is  not  time  for  perfect  contraction,  and  this  lessened 
power  shows  itself,  he  thinks,  in  the  lessened  blood-pressure.  Aubert 
considers  that  the  lessened  heart-pressure  is  dependent  on  a  more^  or  less 
marked  paralysis  of  the  nerves  passing  to  the  heart  from  the  gangha  ;  the 
increased  frequency  must  be  dependent  either  on  paralysis  of  the  regulating 
or  excitation  of  the  contractive  heart  nerves,  and  of  this  alternative  he  adopts 
the  latter.    He  thinks  it  uncertain  whether  coffee  "owes  its  dietetic  value  to 

the  caffein.  „  „         ,      i„  •  :f 

Coffee  is  a  most  important  article  of  diet  for  soldiers,^  as  not  only  is  it 
invigorating,  without  producing  subsequent  collapse,  but  the  hot  mf usion  is 
almost  equSly  serviceable  against  both  cold  and  heat :  m  the  one  case  the 
warmth  of  the  infusion,  in  the  other,  the  action  on  the  skin,  ^^^^g^^f  ^^' 
while  in  both  cases  the  nervous  stimulation  is  very  desirable.  Dr  Hooker 
tells  us  that  in  the  Antarctic  expedition  the  men  all  preferred  coffee  to  spirits, 
and  this  was  the  case  in  the  Schleswig-Holstem  war  of  lb49. 

The  experience  of  Algeria  and  India  (where  coffee  is  coming  more  and 
more  into  use)  proves  its  use  m  hot  chmates. 

It  h^s  been  asserted  to  be  protective  against  malaria.  _  The  evidence  is  not 
strono-  but  still  is  sutiadent  to  authorise  its  use  m  malarious  districts. 

TSLW  W«e.-Roasted  and  ground  coffee  must  be  served  out  to  troops, 
as  the  deHcate^^  roastfng  can  never  be  performed  by  soldiers. 

Expted  to  t^e  a^^  the  roasted  and  ground  coffee  loses  its  aroma  m  from  two 
fo  four  mon^^^ ;  but  if  packed  in  tins,  it  will  keep  xt  for^everal^^ 

1  Coulier,  Recueil  de  Meraovres  de  Mid.  Mil   J^^j^^^^jf ^'^^^teration  of  urea  ;  and  some  very 

2  mile  Hoppe  found  a  decrease  ,  Voit  found^^  confirm  Lehmann's 
careful  experiments,  made  by  Dr.  ^quarey  oi  univL  y  ^  ^^'>^  experiments  are  far  more 
observations  on  men  so  far  as  the  urea  is  concerned  nS^ted  even  by  very  large  quantities  of 
complete  than  those  of  Lehmann  ;  the  ^i;-«i^,]^;^\^Jf^Va^^^^^^^  Erythrox.ylon 
coifee.  It  would  be  jnterestmg  <^^^X/fPar Tsfe  L'fi^^^^  the  previous  statements  of 
coca.  The  late  work  of  M.  Moreno  of  Mau  (^i^"^;^^;*^^^^.  The  cold  infusion  increases,  he 
rSnSattetl  =r                        ChSSas  lately  called  attention  to  its  power 

ounce,  is  generally  i.o  ^-f^^St^,:^^;^S:t^^-^ 
least.    See  experiments  recorded  in  The  Issue  oj  a  Spu  it  Ralwn  (t  arkes;,  ai  i 

et  seq. 
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tins  should  not  be  too  large,  so  that  no  more  than  necessary  may  be  exposed 
to  the  air.    It  has  been  said  that  the  tin  is  acted  upon,  but  this  does  not 


Fig.  56.-T.sta  0,       Coffee  ^^O^^^^^^^^^^o..  the  double  .pira,  fibres  ia 


The  coffee  must  not  be  boiled, 


-  -  ,  —  .^..v.^  only  gives  up  ly 
to  25  per  cent.,  whereas  it  ought  Z^/ 
to  yield  30  to  35  per  cent.    In  ^ 
order  to  get  the  full  benefit  of  the  ^ 
coffee,  therefore,  after  the  infusion 
has  been  poured  off,  the  grounds 
should  bo  well  boiled  in  some 
more  water,  and  the  hot  decoction 
poured  over  fresh  coffee,  so  that 
It  may  take  up  aroma;  the  coffee 
tHus  partially  exhausted  can  be 
used  on  the  next  occasion  for 
boumg.  «  - 

water.'  ^Sar,  dextrin,  and  mineral  matters  are  taken  up  by 
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Ghoiae  of  Coffee.— is  determined  entirely  by  the  aroma  and  taste  of 
the  roasted  coliee  and  of  the  infusion.    If  the  coflee  has  been  damaged  (as 


Fig.  58.— Roasted  Coflfee  ;  tlie  dark  cells,  containiug  air,  sliow  tlie  spii-al  fibre. 

bv  sea-water,  when  the  berries  are  washed  in  fresh  water  and  redried),  there 
^  is   always   a  disagreeable 

taste  even  after  roasting 
(Chevallier).  The  berries 
give  up  less  than  usual  to 
water  (12  per  cent.).^ 

Achaterations.—Ts\&  mi- 
croscope detects  adultera- 
tions with  the  greatest 
facility. 

The  structure  of  the 
coffee-berry  is  shown  in  the 
drawings. 

The  long  cells  of  the  testa 
(figs.  56  and  58)  are  very 
marked.  The  interior  of 
the  berry  also  presents  cha- 
racters which  are  quite  evi- 
dent; an  irregular  areolar 
tissue  contains  light  or  dark 
yellow  angular  masses  and 
oil  globules,  which  are  very 
different  from  any  adultera- 


Fig.  59.— Roasted  Coffee-berry;  transverse  section. 


^^^^^^^^^i^^:^^  Sn.err?  aSnSg  to 

tbat  of  Yemin,  originally  the  Al^y^^™''-^"  ^'^'^^ 
Palgrave),tbe  inferior  sorts  being  sm^^^ilam^^^^^^^^  ^^^^^  .^^         conntry  the  be.t 

to  hold  good,  and  I  have  been  tol^^.^y. /^jcle  whilst  the  fuller  and  apparently 

coffee  is  often  a  shrivelled  and  nninvitnig-loolung 

finer  samples  are  really  inferior  for  use  as  a  beverage.— (i! .  ae  ^.  j 
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tions.  The  little  corkscrew-like  unrolled  spiral  fibres  are  cMefly  found  in  the 
bottom  of  the  raphe.  The  usual  adulterations  of  coffee  are  roasted  chicory,  i 
cereal  grains  or  beans,  potatoes,  and  sugar. 

1  Chicory  is  discovered  by  its  smell ;  by  yielding  a  darker  and  denser 
infusion  of  a  specific  gravity  of  1018  to  1020;  and  by  its  microscopic 
characters.  It  also  sinks  at  once  in  water  when  roasted,  whereas  coffee  fioats 
for  a  long  time,  in  consequence  of  the  development  of  gas  during  roasting,  or 
from  the  non-absorbent  character  of  the  perisperm  and  hard  yellow  granules 
of  the  cellulose.  The  microscopic  test  is  the  most  important,  and  both  the 
cells  and  dotted  ducts  of  chicory  are  quite  characteristic,  at  least  nothing  like 
them  exists  in  coffee.  ^  The  percentage  of  ash  has  been  suggested  as  a  means 
of  detection.  Coffee  yields  about  4  per  cent.,  of  which  four-fifths  are  soluble 
in  water:  chicory  yields  about  5  per  cent,  of  which  only  one-third  is  soluble. 

Chicory  contains  a  notable  amount  of  sugar  (12  to  14  per  cent.),  whereas 
coffee  never  has  more  than  1  per  cent.  Wanklyn  has  proposed  to  make  this  a 
basis  of  detection,  using  the  standard  copper  solution. 


Fig. 


60. — Chicory  root ;  cells  and  dotted  ducts. 


2.  Eoasted  corn  or  leans  are  at  once  known  by  the  starch-grains,  which  fre- 
quently preserve  the  precise  character  of  wheat  or  barley  or  beans.  Iodine 
turns  them  at  once  blue.    The  infusion  also  gives  a  blue  with  iodine. 

3.  Potato  starch  is  also  at  once  detected ;  there  is  nothing  like  it  in  coffee. 
Sago  starch,  which  is  sometimes  used,  is  easily  detected. 

4.  Sugar  is  detected  by  solution,  and  by  the  copper  solution  which  it  reduces, 
as  the  kind  of  sugar  is  almost  always  glucose.  If  caramel  or  burnt  sugar  be 
present,  make  an  infusion,  evaporate,  dry,  and  taste  ;  if  the  extract  be  brittle, 
dark  coloured,  and  bitter  to  the  taste,  caramel  has  been  added  (Hassall). 

5.  Pereira^  has  given  a  long  list  of  adulterations  of  chicory,  and  Hassall 
has  also  detected  mixture  with  mangold-murzel,  parsnip,  carrot,  acorn,  and 
saw-dust.  The  cells  of  mangold-wurzel  are  like  chicory,  but  much  larger ; 
those  of  carrot  and  parsnip  are  something  like  chicory,  but  contain  starch 

1  Chicory  is  itself  adulterated  with  roasted  barley  and  wheat  grain,  acorns,  maueold-wurzel 
aaw-dust,  and  beans  and  peas. 

^;LT*l^°^^  vegetable  substances  are  now  permitted  to  be  sold  as  substibutes  for  coffee,  pro- 
vided they  are  properly  labelled  and  made  up  in  i  lb  packets. 
Materm  Medica,  vol.  ii.  p,  1578  (1863). 
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cells ;  the  starch-grains  of  the  acorn  are  round  or  oval,  with  a  deep  cuVvert 
depression,  or  hilum.  The  infusion  of  chicory  is  not  turned  hlue  by  iodine ; 
when  incinerated  the  ash  of  chicory  should  not  be  less  than  5  per  cent. 

6.  Recently  date-stones  ground  have  been  mixed  with  coffee  and  chicory, 
and  sold  as  date  coffee.  They  can  be  detected  by  the  microscope,  which 
shows  numerous  sclerogen  cells. ^ 

Sub-Section  II. — Tea. 

The  chief  kinds  of  black  tea  are  Souchong,  Congou,  Oolong,  and  Pekoe. 
Bohea  is  not  now  found  in  the  market.  The  chief  green  teas  are  Hyson, 
Hyson-stem,  Twankay,  Caper,  and  Gunpowder. 

Bvy  tea  contains  about  I'S  per  cent,  of  thein,  2*6  of  albumin,  9-7  of 
dextrin,  22  of  cellulose,  15  of  tannin,  20  of  extractives,  54  of  ash,  as 
well  as  other  matters,  such  as  oil,  wax,  and  resin. 

In  some  good  teas  the  amount  of  thein  is  much  greater.  Pcligot  found  as 
much  as  6-21  per  cent,  in  dry  tea.    The  thein  is  combined  with  tannic  acid. 

Black  tea  contains  from  6  to  10  per  cent,  of  water — more  often  the  latter 
quantity  ;  green  tea  about  8  per  cent. 

The  ash2  consists  principally  of  potash,  soda,  magnesia,  phosphoric  acid, 
chlorine,  carbonic  acid,  iron,  and  silica. 

There  is  rather  more  tannic  acid,  and  more  thein  and  setherial  oil,  in  green 
than  black  tea,  and  less  cellulose  :  otherwise  the  composition  is  much  the 
same  (Mulder). 

Black  tea  yields  to  boiling  water,  .       .       29-45  per  cent. 

As  a  mean,      .       38  „ 
Green,3  40-48 

As  a  mean,     .       43  ,, 

About  |ths  of  the  soluble  matters  are  taken  up  by  the  first  infusion  with 

hot  water.*  ,         ■,  ,       •  i. 

If  water  contain  much  lime  or  iron,  it  will  not  make  good  tea ;  m  each 

case  the  water  should  be  well  boiled  with  a  little  carbonate  of  soda  for  15  or 

20  minutes,  and  then  poured  on  the  leaves.  _  at,  4. 

In  the  infusion  are  found  dextrin,  glucose,  tanmn,  and  theiru    About  47 

per  cent  of  the  nitrogenous  substances  pass  into  the  infusion,  and  53  per  cent. 

remain  undissolved.    If  soda  is  added,  a  still  greater  amount  is  given  to  water 
The  crreen  tea  (now  little  sold)  is  either  natural,  or  coloured  (faced)  with 

indigo,  Prussian  blue,  clay,  carbonate  and  acetate  of  copper,  curcuma,  gypsum, 

^"Scmping  the  tea-leaves  and  microscopic  examination  at  once  detect  the 
shininc^  blSe  particles  of  indigo  and  Prussian  blue ;  and  the  addition  of  an  acid 
indicates  which  is  indigo.^  Copper  is  at  once  detected  by  solution  m  an  acid 
and  addition  of  ammonia.    Letheby  stated  that  black  lead  is  used  to  give 

''i7a"'lSt7^^.^.--Tea  seems  to  have  a  decidedly  stimulative^ 

dry  tea.    The  amount  in  ordinary  tea  is  about  5  to  b  P^r  ce  t    01    men  au  1 

"  facing "  is  an  adulteration.  j    i  j  on       ppii+  t?  tlip  minimum  extract  in 

4  Till  Society  of  Public  Analysts  liave  adopted  30  l^^f/.^Jf  ;  .^f 
genuine  tea  ;  Wanklyn  takes  32,  and  certainly  good  genuine  ^^f  5'^^\"J?tf;"Af  if^JS  and  stems 
^  5  The  brick  tea  of  the  Tartars  consist  of  old  tea  l^'^^'^s  "n^^f„  J'"*  ^  oth^ 
of  Rhmmus  theemns,  Rhododendron,  Chrysanthemum,  Rosa  canma,  and  other  plants, 
with  ox's  or  sheep's  blood.   It  is  much  used  to  purify  water. 
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restorative  action  on  the  nervous  system,  which  is  perhaps  aided  by  the 
warmth  of  the  infusion.  No  depression  follows  this.  The  pulse  is  a  little 
quickened.  The  amount  of  pulmonary  carbon  dioxide  is,  according  to  E. 
ymith,  increased.^  The  action  of  the  skin  is  increased,  that  of  the  bowels 
lessened.  The  kidney  excretion  is  libtle  affected,  perhaps  the  urea  is  a  little 
lessened,  but  this  is  uncertain.  ^ 

As  an  article  of  diet  for  soldiers,  tea  is  most  useful.  The  hot  infusion,  like 
that  of  coffee,  is  potent  both  against  heat  and  cold ;  is  most  useful  in  great 
fatigue,  especially  in  hot  climates  (Eanald  Martin) ;  and  also  has  a  great 
purifying  effect  on  water.  Tea  is  so  light,  is  so  easily  carried,  and  the  infusion 
is  so  readily  made,  that  it  should  form  the  drink  par  excellence  of  the  soldier 
on  service.  There  is  also  a  belief  that  it  lessens  the  susceptibility  to  malaria, 
but  the  evidence  on  this  point  is  imperfect. 

Choice  of  Tea. — The  tea  should  not  be  too  much  broken  up,  or  mixed  up 
with  dirt.  Spread  out,  the  leaves  should  not  be  all  large,  thick,  dark,  and 
old,  but  some  should  be  small  and  young.  There  will  always  be  in  the  best 
tea  a  good  deal  of  stalk  and  some  remains  of  the  flower.  In  old  tea  much  of 
the  setherial  oil  evaporates,  and  the  aroma  is  less  marked. 

The  infusion  should  be  fragrant  to  smell,  not  harsh  and  bitter  to  taste,  and 
not  too  dark.  The  buyers  of  tea  seem  especially  to  depend  on  the  smell  and 
taste  of  the  infusion. 

Structure  of  the  Tea  Leaf— The  border  is  serrated  nearly,  but  not  quite  to 
the  stalk ;  the_  primary  veins  run  out  from  the  midrib  nearly  to  the  border, 
and  then  turn  in,  so  that  a  distinct  space  is  left  between  them  and  the  border.' 
The  leaf  may  vary  in  point  of  size  and  shape,  being  sometimes  broader,  and 
sometimes  long  and  narrow.    The  appearance  under  the  microscope  of  the 
upper  and  under  surfaces  is  seen  in  the  drawing.    The  border  and  the  primary 
venation  distinguish  it  from  aU  leaves.s    The  leaves  which  it  is  said  have  been 
mixed  with  or  substituted  for  tea  in  this  country  are  the  willow,  sloe,  oak 
Valoma  oak,  plane,  beech,  elm,  poplar,  hawthorn,  and  chestnut;  and  in 
Uhina,  thloranthus  inconspicuus  and  Camellia  Sasanqua  are  said  to  be  used 
Ut  these  the  willow  and  the  sloe  are  the  only  leaves  which  at  all  resemble  tea 
leaves,    ihe  willow  is  more  irregularly,  and  the  sloe  is  much  less  perfectly 
and  uniformly  serrated.  ^ 
To  examine  the  leaves,  make  an  infusion,  and  then  spread  out  a  number  of 

T'^^V  ,7  ^        ,  P^^'^''^      ^  g^^ss         and  covered  with  a  thin  glass,  and 
then  held  up  to  the  light,  the  border  and  venation  can  usually  be  well  seen 

ine  leaves  of  the  Valoma,  if  used,  are  at  once  detected  by  acicular  crystal 
being  found  under  the  microscope.  ^ 
nnwr'^""^'  exhausted  tea  leaves  are  mixed  with  catechu  or  with  a  coarse 
STp/        'a?  '^'i''^'^?,  chiefly  of  powdered  catechu,  and 

called     La  Veno  Beno."    Gum  and  starch  are  added,  the  leaves  being 

2  ^if^-  ''"'''"'Inactions,  1859. 

seems  toTetrnSfe^raSr%*?E^^  contradictory  ;  but,  on  the  whole,  the  action 

and  increases  the  actS?of>h?.in?^^^^^^^^  that  "  tea  promotes  all  vital  actions, 

in^so  succinct  a  fom!  '  ^'''^'''P''  impossible  at  present  to  express  its  action 

budIurtSh?nJLl)ott''TW^^^^^^^  peculiar,  showing  an  apparently  abortive  leaf- 

minutp  Tnifi  i;L  1,  1-    ^'^^y^^^^^o^,  a  distinct  little  funiculus  may  be  traced  into  pnrh  nf  ti-,,. 

•Btructural  botanists  ;  but  Dr  MiccLald  who  firtP.T,  ^"^l^  ^'"^''^^  ^act  by 

themselves  to  the  catWory  of  mtgS^^^  refers  the  bodied 
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steeped  in  ai  strong  solution  of  gum,  which,  in  drying,  contracts  them.  The 
want  of  aroma,  and  the  collection  at  the  bottom  of  the  infusion  of  powdered 
catechu,  or  the  detection  of  particles  of  catechu,  will  at  once  indicate  this 
falsification^  which  is,  however^  very  uncommon.  Sand  and  magnetic  oxide 
of  iron  are  added  by  the  Chinese.    At  first  the  latter  was  mistaken  for  iron 


Upper  Surface. 
X  282. 


Under  Surface. 
+  285. 


Fig.  61.— Dried  Black  Tea  Leaf, 
filings,  and  when  it  was  proved  to  be  really  magnetic  oxide  it  was  suggested 
that  it  came  accidentally  from  the  soil  where  the  tea  was  cultivated.  Hassall, 
however,  gives  good  reasons  for  its  being  a  wilful  addition.^ 

Extraction  of  Thein. 
Occasionally  it  may  be  desired  to  determine  the  quantity  of  thein.  Take 
10  arammes  of  tea,  exhaust  with  boiling  water,  and  add  solution  of  subacetate 
of  lead  •  filter  ]  pass  hydrosulphuric  acid  through  to  get  rid  of  excess  of  lead; 
filter  •  evaporate  to  small  bulk,  and  add  a  little  ammonia ;  add  more  water, 
decolorise  with  animal  charcoal,  and  evaporate  slowly  to  small  bulk.  White 
feathery  crystals  of  thein  form,  which  should  be  coUected  on  filtering  paper, 
dried  at  a  very  low  heat,  and  weighed. 

Determination  of  Tannin. 

.    Make  an  infusion  and  add  solution  of  gelatine ;  collect  precipitate,  dry  and 

weigh— 100  =  40  of  tannin  (Marcet).   

1  I  have  found  minute  quantiti^Ti^l^  instances  in  tea  f/^PP^i^^Vf^  ,^\fJ^7,?J,*i'^^^ 
one  the  ash  was  6-054  per  cent.  ;  in  the  other,  6-220.    Hassal  states  that  J-*^,^;^^: 
it  except  in  tea  tliat  has  been  undoubtedly  adulterated  and  yielded  a  very  much  gieater 
amount  of  ash. — (F.  de  C.) 


leaves  ana  stalks  of  ^e^st  Teal.roug>vtfro:r.CW(l86l)  ^pr^vafceW 

S?:"'^:Ym  Cor^ercxal  Tea  the  leaves  are  mocKlarger  &  tl.oker,&crften 
^:\;:^l.s.^^^o  two  or  tKree  paHs  Some  stalks  fiCremams  of 
riawer-,  arefoundm  all  Tea  even tlie  c est . 


Sloe 


"Willow. 


HoWthorn. 


IVlllOW. 


Camellia.  Sasanofoa.  CMorantlius  inuonspicuus  . 

XEAVES   USED  IN  THE  ADULTERATION  OE  TEA 

r^'^'^^'^-^^"?^^""^"^^  ^       CMoranbUsInconspicus  ..aL'  Ca.elKa 
ith.r^Woi  leaf  IS  Wever  tiov.  decicledl:/ uncommon  in  tins  Counhry 

^fi'K.Hannarb  imp. 
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Examiriation  of  Tea. 

Judge  of  the  aroma  of  the  dry  tea  and  infusion;  taste  infusion;  spread,  out 
leaves  ard  see  their  characters ;  collect  anything  like  mineral  powder,  and 
examine  under  microscope.  The  microscope  will  also  show  if  the  tea  has  de- 
teriorated by  keeping ;  sometimes  atari,  fungi,  and  haderia  may  be  found. 

To  make  the  infusion,  take  10  grammes  of  tea,  and  infuse  in  500  C.C.  of 
hoilivg  distilled  or  rain  water.^  Let  it  stand  five  or  six  minutes  before  smell- 
ing and  tasting  it.  Exhaust  the  leaves  by  boiling  with  successive  portions  of 
water,  until  no  colour  is  given  up  to  the  water.  Measure  the  total  amount  of 
the  infusion  ;  take  100  C.C.  and  dry  it  in  a  water-bath,^  and  weigh.  Calculate 
out  the  percentage. 

Example. — The  total  quantity  of  the  infusion  from  10  grammes  of  tea 
was  1890  C.C;  100  C.C.  taken  and  dried  yielded  0-21  of  extract;  then 

-^QQ  X  0-21  =  3-969  of  extract  in   10  grammes;   this   multiplied  by 

10-  29-69  percent. 

The  exhausted  leaves  may  also  be  dried  and  weighed,  the  loss  representing 
the  amount  of  extract,  which  ought  to  correspond  with,  the  amount  obtained 
directly. 

The  ash  should  also  be  determined ;  5  or  10  grammes  are  to  be  incinerated  ; 
the  ash  is  generally  grey,  sometimes  slightly  greenish.  Any  excess  above  6 
per  cent,  is  suspicious;  if  above  8  per  cent,  on  the  perfectly  dry  tea,  adultera- 
tion is  certain.  About  one-half  of  the  ash  is  soluble  in  water ;  the  solution  is 
often  (but  not  always)  pink,  from  the  presence  of  manganese.  The  amount 
and  character  of  the  ash  form  good  means  of  detecting  the  use  of  exhausted 
leaves. 

The  acidity  of  the  infusion,  and  the  amount  of  tannin  and  thein  may  also 
be  determined ;  as  also  the  chlorine,  alkalinity  and  iron  of  the  ash.  The 
best  tests  of  the  quality  of  the  tea  are  the  aroma  and  the  physical  characters. 

Sub-Section  III. — Cocoa. 

Gomposition.~Amo\xg\i  the  theobromin  of  cocoa  closely  resembles  thein 
and  caflfem,  the  composition  of  cocoa  removes  it  widely  from  tea  and  cofi'ee. 
Ihe  quantity  of  fat  is  large  ;  it  varies  even  in  the  same  sort  of  cocoa,  but 
IS  usually  from  45  to  49  per  cent.^     The  theobromin  is  1-2  to  1-5  per  cent  - 
the  protein  substances  13  to  18  per  cent.    The  ash  contains  a  large  quantity 
of  phosphate  of  potassium,  ' 
'    As  an  Article  ofDiet.—The  large  quantity  of  fat  and  albuminoid  substance 
makes  it  a  very  nourishing  article  of  diet ;  and  it  is  therefore  useful  in  weak 
states  ot  the  system,  and  for  healthy  men  under  circumstances  of  great  exer- 
tion,   it  has  been  even  compared  to  milk.    In  South  America  cocoa  and  maize 
cakes  are  used  by  travellers ;  and  the  large  amount  of  agreeable  nourishment 
m  small  bulk  enables  several  days'  supplies  to  be  easily  carried  (Humboldt) 
hj  roasting,  the  starch  is  changed  into  dextrin ;  the  amount  of  maro-aric 
acid  increases,  and  an  empyreumatic  aromatic  substance  is  formed 


1''^^^,'^—^''^  -'^s  is  equal  in  weight  to  a  new  sixpence  for  tliP  h.f,. 

r^a!.+?^J■1^^^"^^y"  suggests  a  simple  form  of  water-batli  :  an  ordinary  tin  oil  Pn,i  «i.^„4-  +i 

parts  full  of  water ;  this  is  boiled  over  a  lamp,  and  the  d  sh  with  Sion  to 

the  narrow  mouth  in  the  ring  of  a  retort  stand.    The  drying  is  so<^^  coSmleted  If,  ^'1^ 
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The  changes  depend  on  the  amount  of  roasting ;  the  lighter-coloured  nuts 
contain  more  unchanged  fat,  and  less  aroma ;  the  strongly  roasted  and  dark 
cocoas  have  more  aroma  and  hitterness. 

Choice  ami  Adulterations.— lu  commerce,  cereal  grains,  starches,  arrowroot, 
sa^^o,  or  potato  starch  and  sugar,  are  very  commonly  mixed  with  cocoa ;  and 
some  of  the  so-called  homeopathic  cocoas  are  rightly  named,  for  the  amount 
of  cocoa  is  very  small.  Brick-dust  and  peroxide  of  iron  are  sometimes  used 
(Normandy).i    The  structure  of  the  cocoa  is  very  marked. 

The  starch-brains  of  cocoa  are  small,  and  embedded  usually  in  the  cells. 


-1  »  


 1  1  (- 


Fig.  62.— Cocoa,  Outer  Coat  x  190. 


ThP  TOesence  of  starch-grains  of  cereals,  arrowroot,  sago,  or  other  kinds  of 
The  F^se^^^      l^iM  by  the  microscope.    Sugar  can  be  detected  by  the 

digesting  in  an  acid  and  testing  for  iron,  lead,  &c. 

SECTION  III. 
CONDIMENTS. 

Sub-Section  I.— Vinegar. 
.    .7    J?  T->  w     "Rr,"hPT-f  Jackson  was  of  opinion  that  the  use  of 

As  -r,^"  tf '  r^^^^  opinion  bo  .ppoMs  to  havo 

Yinegar  was  too  lestnctBd  m  the  »rmy.    "      P        ,  j,„„,„„s. 

Adulteration,  p.  166. 
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correctness.  Acetic  acid  plays  that  double  part  in  the  body  which  seem^  so 
important,  of  first  an  acid  of  a  neutral  salt,  and  then,  in  the  form  of  car- 
bonic acid,  as  the  acid  of  an  alkaline  salt.  But  this  valuable  dietetic  quality  is 
partly  counter-balanced  in  English  vinegar  by  the  unfortunate  circumstance 
that  sulphuric  acid  (xTrpiy*^  weight)  is  allowed  to  be  added  to  vinegar, 
and  thus  a  strong  acid  is  taken  into  the  body,  which  is  not  only  not  useful 
in  nutrition,  but  is  hurtful  from  the  tendency  to  form  insoluble  salts  of 
lime.    As  the  addition  of  sulphuric  acid  is  not  necessary,^  and,  indeed,  is  not 


Fig.  63.— Cocoa,  Under  Parts,  Middle  Coat  x  190. 

amZTnf ft  ""K"^  ™  important  article  of  diet 

iC     ■  mixed  it  with  water  as  a  beverace 

contain  iv,„,Vt%  '  }  '}  ■  ^2  and  24  are  the  best,  and 

3  per  cent,  aa  the  mSX  adltibir  ^  °'  ''^^  ^'"^"^ 

1015     li'Zl'  Take  specific  gravity;  of  the  best,  =  1022  :  of  the  worst  - 
or,  ,  ^}°'^       water  has  been  added.  '  ~ 

bes"!'  to  cZ^tr''"'^  *°  "'"^  alkaline  sohition.=  It  is  cenerallv 
C  C  of^e  111  ^/-^S"  distilled  water,  and   olake  10 

'i^^^^T^^^;^^-  °'     -"o-^  -d 
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Exam:ple.-\Q  C.C.  of  diluted  vinegar  took  8  C.C.  of  alkaline  solution  : 
8  X  0-6  =  4-8  per  cent,  of  acetic  acid.  i     i  • 

The  acidity  of  English  vinegar  is  chiefly  caused  by  acetic  and  sulphu  ic 
acids  hut  it  is  usually  calculated  at  once  as  glacial  acetic  acid.  If  it  alls 
helow  3  per  cent.^  wLr  has  probably  been  added.  (The  lowest  noted  by 
Hassan  in  33  samples  was  2-29.)  If  the  specihc  gravity  be  low,  and  the 
aciditvhicrh  excess  of  sulphuric  acid  may  have  been  added. 

SoLm  c^^^^^^^^  or  anlmonia  gives  a  purplish  precipitate  in  wvne  vinegar, 

''''T^.r^l^^^  acid  be  suspected,  it  must  be  determined  by 
barvta  this  requires  care,  as  sulphates  may  be  introduced  in  the  water. 
HXchlor"  aid  and  badum  chloride  are  added ;  the  sulphate  of  barium 
collected  dried,  weighed,  and  multiplied  by  -^l^UD. 

^lrzLa  L  .-Wate;;  sulphuric  acid  in  excess  ;  hydrochloric  acid 
(uncommon)  •  0  common  salt  (detected  by  nitrate  of  silver  and  dilute  nitric 
is  pTroligneous  acid  (distil  and  re-distil  the  distillate,  the  residue  wiU 
have  the  smell  of  pycoligneous  acid) ;  lead;  copper  from_  vessels  (evaporate 
L  drynL  Tnc  nerate,  dissolve  in  weak  nitric  acid,  divide  into  two  parts,  pass 
tSX^^^^^^  and  test  for  copper  in  the  other  by  ammonia,  or  by  a  pie  e 
lilZi)  corrosive  sublimate  (pass  SH,  through,  collect  precipitate) ; 
caosTcum  pellitory,  or  other  pungent  substances  (evaporate  nearly  to  dryness 
aS  dSe  ifbo'iling  alcohol,  evaporate  to  syrup,  taste  ;  burnt  sugar  gives  a 

detected^y  simply  inserting  the  bright  blade  of  a  steel  kmfe. 

Sub-Section  II.— Mustard. 


lage  Sells,  some  by  expansion  escaping  tlirou^u^u^  
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or  barley  starch  (detected  by  miscroscope  and  iodine),  and  linseed  (detected 
by  microscope).    Many  samples  of  mustard  are  still  mixed  with  turmeric  and 


3.  lSai?a7g^;*Sfr^^  mucilage  cells;  2.  Fibrous  reticular 

few  minute  oil  globules.  ^    ^'^^^^  membrane ;  5.  Interior  of  seed  with  a 

iTL^ZnlT^}^''^^  has  very  m,,H lessened  since  the  passing  of  the 

TaSto  brtt      ;7  'F^'''      sometimes  added,  and  cayenne 

aaaea  to  brmg  up  the  sharpuess,  if  much  flour  is  used. 


>(  SOS 


Fig.  66.— White  Mustard  Seed,  central  part,  x  205 
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placed  in  water.  There  are  two  internal  coats  made  up  of  small  angular  cells  ; 
the  stracture  of  the  seed  consists  of  numerous  cells  containing  oil,  but  no 
starch.  The  black  mustard  has  the  same  chai?acters,  without  the  infundibuli- 
form  cells. 


Sub-Section  III. — Pepper. 

Pepper  is  adulterated  with  linseed,  mustard  husks,  wheat  and  pea  flour, 
rape  cake,  and  ground  rice.  The  microscope  at  once  detects  these  adultera- 
tions. 


Fig.  67.— Section  of  Black  Pepper  Berry,  central  portion. 

The  microscopic  characters  of  pepper  are  rather  complicated ;  there  is  a 
husk  composed  of  four  or  five  layers  of  cells  and  a  central  part.  _  The  cortex 
has  externally  elongated  cells,  placed  verticaUy,  and  provided  with  a  central 
cavity,  from  which  lines  radiate  towards  the  circumference  ;  then  come  some 
strata  of  angular  cells,  which,  towards  the  interior,  are  larger  and  filled  with 
oil  The  third  layer  is  composed  of  woody  fibre  and  spiral  cells.  The  lourtii 
layer  is  made  up  of  large  cells,  which  towards  the  interior  becomes  smaller 
and  of  a  deep  red  colour ;  they  contain  most  of  the  essential  oi  of  the  peppei 
The  central  part  of  the  berry  is  composed  of  large  angular  cells,  about  twice 
as  long  as  broad.  Steeped  in  water,  some  oj^hose  cells  become  ye  1^^^^ 
others^^emain  colourless.  It  has  been  supposed  that  the  yellow  cells  contain 
piperine,  as  they  give  the  same  reactions  as  pipernie  does  5  t^^f  t^^^' "^'^^'^^^^^^ 
deepened  by  alcohol  and  nitric  acid,  and  sulphuric  acid  apphed  to  a  dry  section 

causes  a  reddish  hue  (Hassall).  ,  ,   ,  n      t-;^^^a  nf 

White  pepper  is  the  central  part  of  the  seed,  but  some  small  particles  ot 
cortex  are  usually  mixed  with  it.    It  is  composed  of  eel  s  containing  a  er 
small  starch-grains.    Hassall  says  that  the  central  white  cells  are  so  haul  the} 
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may  be  mistaken  for  particles  of  sand.  A  little  care  would  avoid  this.  The 
starch-grains  are  easily  detected,  however  small,  by  iodine. 


Fig.  68.— Transverse  Section  of  Black  Pepper  Berry. 

Pepper  dust  is  merely  the  sweepings  of  the  warehouses.  Eape  or  linseed 
cake,  cayenne  and  mustard  husks,  are  mixed  with  pepper  dust,  and  it  is  then 
sola  as  pepper. 

Sub-Section  IV. — Salt. 

drl^p'.f  ^""'r"-  ^liiteness,  fine  crystalline  character, 

ofYen  cblnrT  f  '""^  °^  1^  ^^'^  ^iuds,  containing 

o  lesf  d.  n  P^^^'P^  darker  coloured,  mor? 

crystals     ^  '  '""^  ""'^  thoroughly  crystallised  or  in  too  large 

SECTION  IV. 
LEMON  AND  LIME  JUICE. 

These  juices  contain  free  acids  in  large  quantities,  chiefly  citric  and  a  li^tlp 
malic  acid,  sugar,  vegetable  albumen,  and  mucus.  ^        '  ^'^^^^ 

the  Britrr?r'^  ^"'"'^  '^P'.^'"^^  ^^'^^^^^  Limonum,  as  ordered  bv 

tne  Lritish  PharmacopcBia,  is  said  to  have  a  specific  o-ravitv  of  1  -nio      a  / 

X 
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fresh  juice  of  the  lime  {Citrus  Limetta,  or  Citrus  adda)  has  a  rather  less 
specific  gravity  (1-037),  ami  contains  less  acid  (32-22  grains  per  ounce).i 

The  very  important  Merchant  Shipping  Act,2  ^hich  regulates  the  issue 
of  lemon  juice  on  board  merchant  vessels,  does  not  define  the  strength  ;  hut  it 
hns  been  stated  by  Mr.  Stoddart^  that  the  Board  of  Trade  standard  is  a  specific 
gravity  of  1030  without  spirit,  and  30  grains  of  citric  acid  per  ounce.  It 
occasionally  is  as  high  as  1050. 

As  found  in  commerce,  for  merchant  shipping,  or  used  in  the  Koyal  iNavy, 
the  lime  or  lemon  juice  is  chiefly  prepared  in  Sicily  or  the  West  Indies  ;  it  is 
mixed  with  spirit  (usually  brandy  or  whisky,  which  gives  it  a  slightly 
o-reenish-yellow  hue),  and  olive  oil  is  poured  on  the  top. 
*  Suo-ar  is  added  to  it  when  issued,  to  make  it  more  agreeable  to  taste,  in  the 
propol-tion  of  half  its  weight.    Lemon  juice  is  usuaUy  issued  in  bottles  con- 
tainin<T  three  to  four  pints,  not  quite  filled,  and  is  covered  with  a  layer  of 
olive  oil    About  1  ounce  of  brandy  is  added  to  each  10  ounces  of  juice. 
Sometimes  the  juice  is  boiled,  and  no  brandy  is  added ;  the  former  kind  keeps 
best  (Armstrong).    Bothare  equalin  anti-scorbutic  power  (Armstrong).  Crood 
lemon  juice  will  keep  for  some  years,  at  least  three  years  (Armstrong) ;  bad 
juice  soon  becomes  turbid,  and  then  stringy  and  mucilaginous,  and  the  citnc 
and  malic  acids  decompose,  glucose  and  carbon  dioxide  being  formed,  borne 
turbidity  and  precipitate  do  not,  however,  destroy  its  powers. 

As  found  in  the  market,  it  is  frequently  mixed  with  water  and  sometimes 
with  other  acids.  In  20  samples  examined  in  1868  by  Mr.  Stoddart,  7  were 
genuine,  5  were  watered,  and  8  were  artificial;  tartaric  acid  being  present  m 
one,  and  sulphuric  acid  in  another  sample.*  .  j 

In  the  examination  the  points  which  seem  of  consequence,  in  addition 
to  the  determination  of  the  free  acidity,  are  the  fragrancy  of  the  extract  and 
the  alkalinity  of  the  ash,  proving  the  existence  of  some  alkaline  citrate.  Itie 
latter  could,  however,  be  imitated,  but  the  fragrancy  cannot  be  so. 

Examination  of  Lemon  Juice. 

1   Pour  into  a  glass,  and  mark  physical  characters  ;  turbidity,  P^^edpitate 
strhiginess  &c.    The  taste  should  be  pleasant,  acid,  but  not  bitter.    Add  hme 
wat2  aTd  bo  1;  if  free  citric  acid  is  present,  a  large  precipitate  of  calcium 
dtoat;  is  formed,  which  redissolves  as  the  solution  cools.    Evaporate  very 
carefully  to  extract,  to  test  the  fragrancy,  &c. 

9  Take  the  specific  gravity,  remembering  that  spirit  is  present ;  then,  if 
necessary,  evapor'ate  to  one-ha^f  to  drive  off  alcohol,  dilute  to  former  amount, 

1  Stoddart,  op.  cit,  p.  205. 

2  The  Merchant  Shipping  Act,  l»o/. 

3  Pharm.  Jour.,  Oct.  1868,  p.  204.  .  tq7k_76  gave  on  analysis  27  grains  of  citnc 
*  The  lime-juice  used  in  the  A^^^J??  f^^^^^^^^^  of  proof  spirit.^  Before 


per  ounce 
fortifying 


Cor,iinitlee  on  Scurvy,  pages  xliii.  and  li.)  sann^les  anaiysea  ^^^^^^  8^  eent 

of  1023  as  issued,  and  1035-7  after  drmng  off  the  ^Icohol  ,  tnj  e  Prolonged 

The  nnfortified  juice  froze  at  25^  F.  the  tjJ^^fi^f/jS^  or  amount  of  the 
freezing  at  a  temperature  of  nearly  0  1' .  proaucea  no  oujii  o 


constituents 
»  See  Appendix  A. 
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acid.  As  the  acidity  is  considerable,  the  best  way  is  to  take  10  C.C.  of  the 
juice,  add  90  G.C.  of  water,  and  take  10  C.C.  of  the  dilute  fluid,  which  will 
give  the  acidity  of  1  C.C.  of  the  undiluted  juice.  If  the  number  of  C.C. 
used  for  the  diluted  jaice  is  multiplied  by  2 -8  it  gives  the  acidity  in  grains 
per  ounce. 

4.  Test  for  adulteration,  viz  :— 

(a)  Tartaric  Acid. — Dilute  and  filter,  if  the  lime  juice  be  turbid ;  add  a 
little  solution  of  acetate  of  potash ;  stir  well,  without  touching  the  sides  of  the 
glass,  and  leave  for  twenty-four  hours  ;  if  tartaric  acid  be  present  the  potassium 
tartrate  will  fall. 

(h)  Sulphuric  Acid.—Mdi  barium  chloride  after  filtration,  if  necessary  ;  if 
any  precipitate  falls,  add  a  little  water  and  a  few  drops  of  dilute  hydrochloric 
acid  to  dissolve  the  barium  citrate,  which  sometimes  causes  a  turbidity. 

^  (c)  HydrocMoric  Acid.—TQ&t  with  silver  nitrate  and  a  few  drops  of  dilute 
nitric  acid. 

{d)  Nitric  Acid. — This  is  an  uncommon  adulteration;  the  iron  or  brucine 
test  can  be  used  as  in  the  case  of  water. 


Factitious  Lemon  Juice. 

It  is  not  easy  to  distinguish  well-made  factitious  lemon  juice ;  about  552 
grains  of  crystallised  citric  acid  are  dissolved  in  a  wine  pint  of  water,  which  is 
flavoured  with  essence  of  lemon  dissolved  in  spirits.  This  corresponds  to 
about  19  or  20  grains  of  dry  citric  acid  per  ounce.  The  flavour  is  not,  how- 
ever like  that  of  the  real  juice,  and  the  taste  is  sharper.  Evaporation  detects 
the  falsification. 

Use  of  Lemon  Juice. 

In  military  transports,  the  daily  issue  of  one  ounce  of  lemon  juice  per  head 
IS  commenced  when  the  troops  have  been  ten  days  at  sea,  and  by  the 
Merchant  Shipping  Act  (1867)  the  same  rule  is  ordered,  except  when  the  ship 
IS  m  harbour,  and  fresh  vegetables  can  be  procured.    It  is  mixed  with  sucrar 
^^it  dried  vegetables  can  be  procured,  half  the  amount  of  juice  will  perhaps 

In  campaigns,  when  vegetables  are  deficient,  the  same  rules  should  be 
eniorcecl.  On  many  foreign  stations,  where  dysentery  takes  a  scorbutic  type 
(as  tormer  y  m  Jamaica,  and  even  of  late  years  in  China),  lemon  juice  should 
be  regularly  issued. 

Substitutes  for  Lemon  Juice. 

iy.^t^^^T^^  potassium ;  then  perhaps  vinegar,  though 

and  .if  ^'^f  potassium.i   The  tartrates,  lactates, 

mtul  lt^  the  alkalies  may  all  be  used,  but  there  are  no  good  experi- 
^1^0  A^T  powers  on  record.    If  milk  is  procurable, 

TwL  ^  become  acid,  and  the  acid  then  neutralised  with  an  alkali, 

nlant  bptr""'  i   ^'^'''7  P^^""^''  especiaUy  species  of  cacti,  can  be  used,  the 
°  ^""^  '*''P'^      ^^^^^  >  ^-^^      case  neither  vegetables 

the  +Hil      """^  substitutes  can  be  procured,  we  ought  not  to  omit 

the  trial  of  such  plants  of  this  kind  as  may  be  obtainable. 

also  be  macirto"*a'revW^  n?''  ^'P''  '^"^T^  """"^  1850-    Reference  niav 
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SOILS. 


TOPOGRAPHICAL  REPORTS  AND  CHOICE  OF  SITES. 


The  term  soil  is  used  here  in  a  large  sense,  to  express  all  the  portion  of  the 
crust  of  the  earth  which  by  any  property  or  condition  can  affect  healtL  The 
subdivision  into  surface  soil  and  subsoil  is  often  very  useful ;  and  these  terms 
need  no  definition. 

SECTION  I. 
CONDITION  OF  SOIL  AFFECTING  HEALTH. 

Soil  consists  of  mineral,  vegetable,  and  often  animal  substances,  in  the 
interstices  of  which  are  also  air  and  often  water. 

In  reviewing  the  conditions  which  affect  health,  it  will  be  convenient  to 
commence  with  the  air  and  the  water  in  soils. 


Sub-Section  I. — The  Aib  in  the  Soil. 

The  hardest  rocks  alone  are  perfectly  free  from  air ;  the  greater  number 
even  of  dense  rocks,  and  all  the  softer  rocks,  and  the  loose  soils  covering  them, 
contain  air.  The  amount  is  in  loose  sands  often  40  or  50  per  cent. ;  in  soft 
sandstones,  20  to  40  per  cent.  The  loose  soil  turned  up  in  agricultural  opera- 
tions may  contain  as  much  as  2  to  10  times  its  own  volume  of  air. 

The  nature  of  the  air  in  soils  has  been  examined  by  a  good  many  observers ; 
it  is  mostly  very  rich  in  carbon  dioxide,  is  very  moist,  and  probably  contams 
effluvia  and  organic  substances,  derived  from  the  animal  or  vegetable 
constituents,  but  which  have  not  been  properly  examined.  Occasionally  it 
contains  carburetted  hydrogen,  and  in  most  soils,  when  the  water  contams 
sulphates,  a  little  hydrogen  sulphide  may  be  found.  It  has  been  exa- 
mined by  Nicholsi  America,  Fleck^  in  Dresden,  Fodor^  m  Buda-Pesth, 
Lewis  and  Cunningham^  in  Calcutta,  and  many  others.  Nichols  made  his 
experiments  in  the  Back-bay  lands  of  Boston,  Massachusetts,  land  made  by 
throwing  gravel  upon  sea  mud.  His  first  series  of  experiments  was  upon  air 
drawn  from  depths  of  3f  to  51  feet.  There  was  no  hydrogen  sulplude,  and 
only  a  little  ammonia;  the  CO^  was  from  1-49  to  2-26  volumes  per  1000,  and 
varied  inversely  as  the  height  of  the  ground-water,  which  was  very  near  he 
surface.  This  relation,  however,  was  not  constant  at  a  depth  of  6  to  10  itet. 
,  .Fleck  found  at  2  metres  the  CO^  29-9  per  1000,  and  the  oxygen  163  o 
at  6  metres,  the  CO^  79-6,  and  the  oxygen  148-5.    Fodor  found  (out  of  13 

1  Sixth  Report  of  the  Board  of  Health,  Massachusetts  1875 
^  i^or  s,nA%ior  jihreshencht  der  Chemisclieri  CeiUralsteU^^^ 

3  Deutsche  Vierteljahrschrift  fur  offcntliche  G^^f^'^J-^'f;^       Josef  kdor  Braun- 
Eygienische  Untersuchungen  ueber  Uift,  Boden  und  Wasser,  von  Di.  Joset  Dodor,  uiaun 

schweig,  1882.  . 

4  The  Soil  in  its  Relation  to  Disease,  Calcutta,  l»7o. 
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observations)  at  1  metre  from  8-99  to  10-39  of  COg,  and  oxygen  from  187-97 
to  213-35  -  at  i  metres  (11  observations)  from  26-31  to  54-45  COg,  and  oxygen 
from  179-06  to  185-32.  The  great  amount  of  CO2  points  to  very  intense 
chemical  changes  in  the  ground,  especially  in  the  deep  strata,  but  at 
the  same  time  it  may  be  very  variable  in  different  places.  The  amount 
of  oxygen  was  in  a  measure  inversely  as  the  COg.  At  a  depth  of  4  metres 
(13  feet)  the  air  would  be  irrespirable,  and  would  extinguish  a  light.  ^  (How 
many  cellars  go  as  deep  as  13  feet  into  the  ground,  and  the  cellar  air  feeds 
the  house  with  air  !)  From  the  examination  of  the  organic  matter,  he  comes 
to  the  conclusion  that  it  is  not  necessarily  its  oxidation  on  the  spot  that 
produces  the  COg,  and  that  therefore  the  latter  cannot  be  taken,  except  under 
certain  conditions,  as  a  measure  of  impurity,  depending  as  it  does  to  a  large 
extent  upon  the  permeability  of  the  soil.^  He  found  no  hydrogen  sul- 
phide, but  a  good  deal  of  nitric  acid  and  ammonia,  the  relative  quantities 
depending  upon  free  access  of  air  or  otherwise.  As  regards  moisture,  the 
mean  percentage  of  humidity  was  80-7  at  2  metres  and  93-8  at  4.  Lewis  and 
Cunningham,  in  their  observations  at  Calcutta,  found  results  somewhat  similar 
to  those  of  Fodor,  the  CO^  being  greatest  at  the  lower  strata  examined.  The 
composition  of  soil  air  differs  at  different  times  and  seasons,  the  absolute  and 
relative  amounts  of  the  constituents  varying  under  varying  conditions. 

The  amount  of  air  in  soils  can  be  roughly  estimated,  in  the  case  of  rather 
loose  rocks,  by  seeing  how  much  water  a  given  bulk  will  absorb,  which  can 
be  done  by  the  following  plan : — Weigh  a  piece  of  dry  rock,  and  call  its 
weight  W :  then  weigh  it  in  water  and  call  this  weight  W-^  :  then  take  it 
out  of  the  water  saturated  with  moisture,  and  weigh  it  again :  call  this  weight 
Wg.    We  then  have — 

(W,-W)100  ^        -  . 

^ — — —  =  percentage  of  air. 

When  the  soil  is  loose,  Pettenkofer  adopts  the  following  plan: — Dry  the 
loose  soil  at  212°  Fahr.  (100°  Cent.),  and  powder  it,  but  without  crushing  it 
very  much ;  put  it  into  a  burette,  and  tap  it  so  as  to  expel  the  air  from  the 
interstices  as  far  as  possible ;  connect  another  burette  by  means  of  an  elastic 
tube  with  the  bottom  of  the  first  burette  and  clamp  it  on ;  pour  water  into 
No,  2  burette,  and  then,  by  pressing  the  clamp,  allow  the  water  to  rise  through 
the  soil  until  a  thin  layer  of  water  is  seen  above  it ;  then  read  off  the  amount 
of  water  thus  gone  out  of  the  second  burette.  The  calculation — 
Amount  of  water  used  x  100  ^       £  •  2 

Cubic  centimetres  of  dry  soil    P®^^^^''^g^  0  air. 

The  subterranean  atmosphere  thus  existing  in  many  loose  soils  and  rocks  is 
in  continual  movement,  especially  when  the  soils  are  dry ;  the  chief  causes  of 
movement  are  the  diurnal  changes  of  heat  in  the  soil,  and  the  fall  of  rain, 
which  must  rapidly  displace  the  air  from  the  superficial  layers,  and  at  a  later 
date,  by  raising  the  level  of  the  ground  water,  will  slowly  throw  out  large 
quantities  of  air  from  the  soil.  Fodor  considers  the  temperature  of  the  air,  the 
ground  temperature,  the  action  of  the  winds,  rainfall,  barometric  pressure,  and 

\  attempts  to  distinguish  (but  hardly  successfully)  between ijorosii!?/  and  permeaUlity 

Renk  s  plan  is  very  simple.    Take  a  measured  quantity  of  soil,  say  50  C.C.,  shaken  well 
together,  so  as  to  represent  its  natural  condition  as  much  as  possible,  and  put  it  into  a  200  C  C 
^aduated  glass  measure  :  then  pour  in  100  C.C.  of  water,  and  shake  well  so  as  to  expel  all  air' 
1^  '?  "^^^^     ^'^^  P°i"*  water  stands.   Suppose  it  stands 

at  125  C  C  then  the  50  C.C.  of  soil  and  the  100  C.C.  of  water,  when  shaken  together  anlvoccimv 
a  space  of  125  C.  C. ,  the  difference,  25  C.C.  representing  the  bulk  of  air  displaced  from  the  50  cS 
of  soil :  therefore      x  100  =  50  per  cent,  of  air  or  porosity  in  the  sample  of  soil. 
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level  of  ground  water  to  be  all  intluential  in  causing  movement  of  the  ground 
air,  and  consequent  relative  change  in  its  constituents.  As  far  as  the  CO^ 
was  concerned,  Lewis  and  Cunningham  found  that  the  air  temperature  and 
wind  were  both  inoperative,  whilst  the  moisture  had  the  greatest  influence  on 
the  upper  strata,  and  the  ground-water  on  the  lower. 

Local  conditions  must  also  influence  the  movement ;  a  house  artificially 
warned  must  be  continually  fed  with  air  from  the  ground  below,  and  doubt- 
less this  air  may  bo  drawn  from  great  depths.  Coal  gas  escaping  from  pipes, 
and  prevented  from  exuding  by  frozen  earth  on  the  surface,  has  been  known 
to  pass  sideways  for  some  distance  into  houses. ^  The  air  of  cesspools  and  of 
porous  or  broken  drains  will  thus  pass  into  houses,  and  the  examination  of 
drains  alone  often  fails  to  detect  the  cause  of  effluvia  in  the  house. 

The  unhealthiness  of  houses  built  on  "made  soils,"  for  some  time  after  the 
soils  are  laid  down,  is  no  doubt  to  be  attributed  to  the  constant  ascent  of 
impure  air  from  the  impure  soil  into  the  warm  houses  above. 

To  hinder  the  ascent  of  air  from  below  into  a  house  is  therefore  a  sanitary 
point  of  importance,  and  should  be  accomplished  by  paving  and  concreting  the 
basement,  or,  in  some  cases,  by  raising  the  house  on  arches  off  the  ground. 
The  improvement  of  the  health  of  towns,  after  they  are  well  paved,  may 
partly  be  owing  to  lessening  of  effluvia,  though  partly  also  to  the  greater  ease 
of  removing  surface  impurities.  In  some  malarious  districts  great  benefit  has 
been  obtained  by  covering  the  ground  with  grass,  and  thus  hindering  the 
ascent  of  the  miasm. 

As  a  rule,  it  is  considered  that  loose  porous  soils  are  healthy,  because  they 
are  dry,  and,  with  the  qualification  that  the  soil  shall  not  furnish  noxious 
effluvia  from  animal  or  vegetable  impregnation,  the  rule  appears  to  be  correct. 
It  is,  however,  undoubted  that  dry  and  apparently  tolerably  pure  soils  are 
sometimes  malarious,  and  this  arises  either  from  the  soils  being  really  impure, 
or  from  their  porosity  allowing  the  transference  of  air  from  considerable  dis- 
tances. Even  on  the  purest  soils  it  is  desirable  to  observe  the  rule  of  cuttmg 
off  the  subsoil  air  from  ascent  into  houses. 

The  diseases  which  have  been  attributed  to  telluric  effluvia  are- 
Bilious  remittent  fever. 
Cholera. 
Dysentery. 


Paroxysmal  fevers. 
Enteric  (typhoid)  fever. 
Yellow  fever. 

The  questions  connected  with  these  effluvia  will  be  noticed  farther  on. 


The  Water  in  the  Soil. 


The  water  present  in  soils  is  divided  into  moisture  and  ground  water. 
When  air  as  weU  as  water  is  present  in  the  interstices,  the  soil  is  merely  moist. 
The  ground  water  must  be  defined,  with  Pettenkofer,  as  that  condition  m 
which  all  the  interstices  are  filled  with  water,  so  that,  except  m  so  far  as  its 
particles  are  separated  by  solid  portions  of  soil,  there  is  a  «<>^tmuous  sheet  of 
water.    Other  definitions  of  ground  water  have  been  given,  but  it  is  in  this 

sense  it  is  spoken  of  here.  -,       j       4.1,  ^-p  flip 

Moisture  of  Soil.-Th.  amount  of  moisture  depends  on       Powe  of  the 

soil  to  absorb  and  retain  water,  and  on  the  f^PP^^i^^^^^^V  nt  n.t  !u  so^^^^ 
from  rain  or  ground  water.  With  respect  to  the  first  point  '-^l^o^*  all  so^s 
will  take  up  Sater.  Pfaff  ^  has  shown  that  dried  quartz  sand  on  a  filter  can 
take  up  as  much  as  20  per  cent,  of  water,  and  though  m  the  ^ftural  condifao^ 
in  the  soil  the  absorption  would  not  be  sogreat,  there  is  no  doubt  that  even 

1  Lancet,  1873,  vol.  ii.  p.  592.  Zeitschfilr  Biologic,  Baud  iv,  p.  249. 
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tlie  hardest  sands  retain  much  moisture.  After  several  months  of  long  con- 
tinued cbought,  Mr.  Church  found  a  light  calcareous  clay  loam  subsoil  to  con- 
tain from  19  to  28  per  cent,  of  water. 

A  loose  sand  may  hold  2  gallons  of  water  in  a  cubic  foot,  and  ordinary 
sandstone  may  hold  1  gallon.  Chalk  takes  13  to  17  per  cent. ;  clay,  if  not 
very  dense,  20  ;  humus,  as  much  as  40  to  60,  and  retains  it  strongly.  The 
so-called  "  cotton-soil "  of  Central  India,  which  is  derived  from  trap  rock,  ab- 
sorbs and  retains  water  with  great  tenacity ;  the  driest  granite  and  marbles 
will  contain  from  -4  to  4  per  cent,  of  water,  or  about  a  pint  in  each  cubic  yard. 

The  moisture  in  the  soil  is  derived  partly  from  rain  to  which  no  soil  is 
absolutely  impermeable,  as  even  granite,  clay  slate,  and  hard  limestone  may 
absorb  a  little.  Practically,  however,  soils  may  be  divided  into  the 
impermeable  (unweathered  granite,  trap  and  metamorphic  rocks,  clay  slate, 
dense  clays,  hard  oolite,  hard  limestone  and  dolomite,  &c.)  and  permeable 
(chalk  sand,  sandstone,  vegetable  soils,  &c.).  The  amount  of  rain  passing  into 
the  soil  is  influenced,  however,  by  other  circumstances — by  the  declivity  and 
inclination  of  the  soil ;  by  the  amount  of  evaporation,  which  is  increased  in 
summer  ;  by  hot  winds  ;  and  by  the  rapidity  of  the  fall  of  rain  which  may  be 
greater  than  the  soil  can  absorb.  On  an  average,  in  this  country,  about  25 
per  cent,  of  the  rain  penetrates  into  the  sand  rock,  42  per  cent,  into  the 
chalk,  and  from  60  to  96  per  cent,  into  the  loose  sands.  The  rest  evaporates 
or  runs  off  the  surface  by  the  lines  of  natural  drainage.  The  rapidity  with 
which  the  rain  water  sinks  through  soil  evidently  varies  with  circumstances ; 
in  the  rather  dense  chalks  it  has  been  supposed  to  move  3  feet  downwards 
every  year,  but  in  the  sand  its  movement  must  be  much  quicker. 

The  moisture  of  the  soil  is  not,  however,  derived  solely  from  the  rain  ;  the 
ground  water  by  its  own  movement  of  rising  and  falling,  and  evaporation  from 
the  surface  of  the  subterranean  water-sheet,  and  capillary  attraction,  makes  the 
upper  layers  of  the  soil  wet.  By  these  several  agencies  the  ground  near  the 
surface  is  in  most  parts  of  the  world  kept  more  or  less  damp. 

Determination  of  Moisture  in  the  Soil. — By  drying  10  grammes  at  a  tem- 
perature of  220°  Fahr.  (104° -4  Cent.),  then  weighing,,  exposing  to  air,  and 
observing  the  increase  of  weight,  an  idea  is  formed  of  the  amount  of  moisture, 
and  of  the  hygrometric  properties  of  the  soil.  If  the  dried  soil  is  put  over 
water  under  a  bell  jar,  it  will  be  exposed  to  air  saturated  with  moisture,  or 
by  observing  the  dry  and  wet  bulb  thermometers,  the  humidity  of  the  air  at 
the  time  can  be  noted. 

^  The  Ground  or  Subsoil  Water. — The  subterranean  sheet  of  water  is  at  very 
different  depths  below  the  surface  in  different  soils  ;  sometimes  iis  is  only  2  or 
3  feet  from  the  surface,  in  other  cases  as  many  hundreds.  This  depends  on 
the  compactness  or  permeability  of  the  soil,  the  ease  or  difficulty  of  outflow, 
and  the  existence  or  not  of  an  impermeable  stratum  near  or  far  from  the 
surface.  The  underground  sheet  of  water  is  not  necessarily  horizontal,  and 
in  some  places  it  may  be  brought  nearer  to  the  surface  than  others  by 
peculiarities  of  ground.  The  water  is  in  constant  movement,  in  most  cases 
flowing  towards  the  nearest  water  courses  or  the  sea  ;  the  rate  of  movement 
has  not  yet  been  perfectly  determined.  In  Munich,  Pettenkofer  reckons  its 
rate  as  15  feet  daily  ;  the  high  water  in  the  Elbe  moves  the  ground  water  in 
the  vicinity  at  the  rate  of  about  7  or  8  feet  daily.  Podor  ^  gives  the  mean 
rate  at  Buda-Pesth  as  53  metres  (174  feet),  with  a  maximum  of  66  metres  (216 
feet)  in  twenty-four  hours,  reckoning  by  the  rise  of  the  wells  followino-  the 
rise  of  the  Danube.  ° 


1  0]g,  cit.^  Bd.  ii.  p.  98. 
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The  rate  of  movement  is  not  influenced  solely  by  compactness  or  porosity 
of  soil,  or  inclination.  The  roots  of  trees  exert  a  great  influence  in  lessening 
the  flow  ;  and,  on  the  other  hand,  water  runs  off  more  rapidly  than  before  in 
a  district  cleared  of  trees.  The  level  of  the  ground  water  is  constantly 
changing.  It  rises  or  falls  more  or  less  rapidly  and  at  different  rates  in 
diflerent  places  ;  in  some  cases  its  movement  is  only  a  few  inches  either  way, 
but  in  most  cases  the  limits  between  its  highest  and  lowest  levels  in  the  year 
are  several  feet  (in  Munich  about  10).  In  India  the  changes  are  greater.  At 
Saugor,  in  Central  India^  the  extremes  of  the  soil  water  are  from  a  few  inches 
from  surface  (in  the  rains)  to  17  feet  in  May.  At  Jubbulpore  it  is  from  2 
feet  from  the  surface  to  12  or  15. 

The  causes  of  change  in  the  level  of  the  ground  water  are  the  rainfall, 
pressure  of  water  from  rivers  or  the  sea,  and  alterations  in  outfall,  either 
increased  obstruction  or  the  reverse.  The  efi"ect  of  the  rainfall  is  sometimes 
only  traceable  weeks  or  even  months  after  the  fall,  and  occasionally,  as  in 
plains  at  the  foot  of  hiUs,  the  level  of  the  ground  water  may  be  raised  by 
rainfalls  occurring  at  great  distances.  The  pressure  of  the  water  in  the  Rhine 
has  been  shown  to  afi'ect  the  water  in  a  well  1670  feet  away.  The  pressm-e 
of  the  Danube  at  Buda-Pesth  is  found  to  influence  a  well  at  a  distance  of 
2700  feet  (Fodor). 

In  a  place  near  the  Hamble  Eiver  (Hampshire)  the  tide  was  found  to  affect 
the  water  of  a  well  at  a  distance  of  2240  feet;  the  well  itself  being  83  feet 
deep  and  140  feet  above  mean  water-level.  ^ 

Diseases  connected  ivith  Moisture  and  Ground  Water. — Dampness  of  soil 
may  presumably  afi'ect  health  in  two  ways — Is^,  by  the  effect  of  the  water, 
per  se,  causing  a  cold  soil,  a  misty  air,  and  a  tendency  in  persons  living  on 
such  a  soil  to  catarrhs  and  rheumatism;  and  2nd,  by  aiding  the  evolution  of 
organic  emanations.  The  decomposition  which  goes  on  in  a  soQ  is  owing  to 
four  factors,  viz.,  presence  of  decomposable  organic  matters  (animal  or  vege- 
table), heat,  air,  and  moisture.  These  emanations  are  at  present  known  only 
by  their  effects  ;  they  may  be  mere  chemical  agencies,  but  there  is  increasing 
reason  to  believe  that  they  are  low  forms  of  life  which  grow  and  propagate 
in  these  conditions.  At  any  rate,  moisture  appears  to  be  an  essential  element 
in  their  production.  The  ground  water  is  presumed  to  affect  healthy  by 
rendering  the  soil  above  it  moist,  either  by  evaporation  or  capiUary  attraction, 
or  by  alternate  wettings  and  dryings. 

A  moist  soil  is  cold,  and  is  generally  believed  to  predispose  to  rheumatism, 
catarrh,  and  neuralgia.  It  is  a  matter  of  general  experience  that  most  persons 
feel  healthier  on  a  dry  soil. 

In  some  way  which  is  not  clear,  a  moist  soil  produces  an  unfavourable  effect 
on  the  lungs :  at  least  in  a  number  of  English  towns,  which  have  been 
sewered,  and  in  which  the  ground  has  been  rendered  much  drier,  Buchanan 
has  shown  that  there  has  been  a  diminution  in  the  number  of  deaths  from 
"  phthisis."  2  Dr.  Bowditch  of  Boston  (U. S. ),  and  Dr.  Middleton  of  Salisbury, 
noticed  the  same  fact  some  years  ago.  Buchanan's  evidence  is  very  strong  as 
to  the  fact  of  the  connection,  but  the  nature  of  the  link  between  the  two  con- 
ditions of  drying  of  soil  and  lessening  of  certain  pulmonary  diseases  is 
unknown.    It  is  curious  how  counter  the  observation  runs  to  the  old  and 


1  Lectures  on  State  Medicine,  by  F.  de  Chaumont  (Smith  and  Elder),  P- 9J;  1875. 
Buchanan,  Mnth  and  Tenth  Reports  of  the  Medical  Officer  to.  the  fj^^^^f'"^^^^^^^ 
p.  48.  and  1867,  p.  57.    As  the  term  "  phthisis"  is  a  genera  one,  '^n<^.,"\«^"de«^^  Ma 
diseases  of  the  fungs,  with  destruction  of  long-tissue  (tuberculous  ^ud  mflammatory)      ^^  e^ 
as  other  cases  of  wasting,  with  pulmonary  symptoms,  it  would  be  well  to  translate  the  word 
"  phthisis  "  by  the  phrase  "  wasting  diseases  of  the  lungs. 
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erroneous  view,  that  in  malarious  (and  therefore  wet)  places  there  is  less 
phtliisis. 

A  moist  soil  influences  greatly  the  development  of  the  agent,  whatever  it 
may  be,  which  causes  the  paroxysmal  fevers.  The  factors  which  must  be 
present  to  produce  this  agent  are  heat  of  soil  (which  must  reach  a  certain 
point  =  isotherm  of  65°  Fahv.  of  summer  air  temperature),  air,  moisture,  and 
some  impurity  of  soil,  which  in  all  probability  is  of  vegetable  nature.  The 
rise  and  fall  of  the  ground  water,  by  supplying  the  requisite  degree  of 
moisture,  or,  on  the  contrary,  by  making  soil  too  moist  or  too  dry,  evidently 
plays  a  large  part  in  producing  or  controlling  periodical  outbreaks  of 
paroxysmal  fevers  in  the  so-called  malarious  countries.  The  development  of 
malaria  may  be  connected  either  with  rise  or  with  fall  of  the  ground  water. 
An  impeded  outflow  which  raises  the  level  of  the  ground  water  has,  in 
malarious  soils,  been  productive  of  immense  spread  of  paroxysmal  fevers.  In 
the  making  of  the  Ganges  and  Jumna  Canals,  the  outflow  of  a  large  tract  of 
country  was  impeded,  and  the  course  and  extent  of  the  obstruction  was  traced 
by  Dempster  and  Taylor  by  the  almost  universal  prevalence  of  paroxysmal 
fevers  and  enlarged  spleens  in  the  inhabitants  along  the  banks. ^  The  severe 
and  fatal  fever  which  has  prevailed  in  Burdwan,  in  Lower  Bengal,  for  a 
number  of  years  past,  appears  to  be  in  part  owing  to  the  obstruction  to  the 
natural  drainage  from  mills  and  from  blockage  of  water  courses. 2  In  some 
cases  relative  obstruction  comes  into  play;  i.e.,  an  outfall  sufficient  for  com- 
paratively dry  weather  is  quite  inadequate  for  the  rainy  season,  and  the  ground 
water  rises.  At  Pola,  in  Istria,  for  example,  there  are  no  marshes,  but  in  the 
summer  sometimes  half,  sometimes  90  per  cent,  of  all  cases  are  malarious  ;  the 
reason  is,  that_  a  dense  clay  lies  a  little  below  an  alluvial  soil,  and  the 'only 
exit  for  the  rain  is  through  two  valley-troughs,  which  cannot  carry  off  the 
water  fast  enough  in  the  wet  season,^  from  February  to  May. 

A  remarkable  instance  of  excessive  rainfall,  causing  an  outbreak  of  malarial 
disease,  occurred  at  Kurrachee,  in  Scinde,  in  1869.  The  average  annual 
rainfall  m  Scinde  in  11  'years  (1856-66)  was  only  6-75  inches  ;  and 
the  greatest  ramfaU  in  that  time  was  13-9  inches  (1863).  In  1867  the  rain- 
fall was  2-73,  in  1868  it  was  3-36  inches  ;  while  in  1869  it  reached  the  un- 
predecented  amount  of  28-45  inches,  of  which  13-18  feU  in  July  and  8-39 
inches  m  September.  April,  May,  October,  November,  and  December  were 
rainless.  The  1st  Batt.  21st  Eegiment  had  the  following  attacks  of 
paroxysmal  fever  per  1000  of  strength  :— In  April,  none ;  in  Mav,  9  :  in 
June,  39;  m  July,  30  ;  in  August,  93  ;  September,  105  ;  in  October,  198  ; 
m  ^  oyember,  1004;  and  in  December,  644.  In  December  the  regiment  was 
embarked  for  Madras,  as  it  had  "  thoroughly  lost  heart."  The  disease  was 
^nnn     aTt)     ^^ath-rate  for  the  year,  from  all  causes,  was  only  25-7  per 

1     +1,     -'^^^chee,  as  the  rainfall  is  usually  so  small,  the  ground  dries  fast 
and  IS  then  non-malarious.    The  ground  is  flat,  and  there  is  no  subsoil  drain- 
age,   in  1866,  when  there  was  heavy  rainfaU  (13-75  inches),  there  was  also 
a  development  of  malarial  disease,  which  was  continued  in  1867. 

confirmed  bTF?,SZ  ^^^^^^  on  the  Jumna  Canal  have  been  more  recently 

oonnrmea  by  J^eiguson  {Sanitary  Administration  of  the  PunjaV  IcilSZl  ADDendix  TV 
cana  Tr^.^T '^f*  °f  n.a\^rion,  disease  on  the  Bdri  Dodb  Canal  Etn^t  J^i^^^^ 
canal  irngat.on  increased  malarious  fever,  and  apparently  by  raising  the  soil-water  levels 
out  how  ^'^"'I  o/<A«/to^e  Board  ^^ea^/o/i/asmcW^.,  BoTtoTS 

S  as  TsT  o,      ^.f"  produced  by  obstructions  to  outflow,  such  as  tide-mills  Yc  sSTonJ 

r  ''^"'o^e  a  dam  was  obtained  on  acco  int  of  iniurv  to  health  £i 

rnrrlKn'sL!""  ^^"'^  ^^^^'^^  ^^i'-^^'  -1.  xiii.  787?,  p"l?8,  pr'oltd 

'  Dr.  Jilck,  in  Archiv  derffeilk.,  1870,  p.  493. 
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The  opposite  result,  viz.,  an  increased  outflow  lowering  the  subsoil  water, 
has  been  observed  in  drainage  operations,  and  very  malarious  places  have  been 
rendered  quite  healthy  by  this  measure,  as  in  Lincolnshire,  and  many  parts 
of  England.  The  case  of  Boufaric,  in  Algeria,  is  a  good  instance  ;  successive 
races  of  soldiers  and  colonists  had  died  off,  and  the  station  had  the  worst  re- 
putation. Deep  drainage  was  resorted  to  ;  the  level  of  the  ground  water  was 
lowered  less  than  2  feet.  This  measure,  and  a  better  supply  of  drinking 
water,  have  reduced  the  mortality  to  one-third. 

A  case  mentioned  by  Pettenkoferi  jg  also  very  striking  as  to  the  effect  of 
subsoil  drainage  on  some  kind  of  fever  in  horses.  Two  royal  stables  near 
Munich,  with  the  same  arrangements  as  to  stalls,  food,  and  attendance,  and 
the  same  class  of  horses,  suffered  very  unequally  from  fever;  horses  sent  from 
the  unhealthy  to  the  healthy  stables  did  not  communicate  the  disease.  The 
difference  between  the  two  places  was,  that  in  the  healthy  stables  the  ground 
water  was  5  to  6  feet,  in  the  unhealthy  only  2|  feet  from  the  surface.  Drain- 
ing the  latter  stables,  and  reducing  the  ground  water  to  the  same  height,  made 
these  stables  as  healthy  as  the  others. 

Typhoid  (enteric)  fever  has  also  been  supposed  to  be  connected  with  changes 
in  moisture  of  the  soil,  owing  to  rising  and  falling  to  the  ground  water. 
Professor  Pettenkofer's  observations  on  the  wells  of  Munich  led  Buhl  to  the 
discovery  that  in  that  city  there  is  a  very  close  relation  between  the  height  of 
the  ground  water  and  the  fatal  cases  of  typhoid  ;2  the  outbreaks  of  typhoid  fever 
occirrred  when  the  ground  water  was  lowest,  and  especially  when,  after  havmg 
risen  to  an  unusual  height,  it  had  rapidly  fallen.    Pettenkofer  has  repeated 
and  extended  the  inquiry  with  the  same  results.    The  point  has  been  also 
numerically  investigated  by  SeideP  in  Munich  and  Leipzig  for  the  years 
1856-64  and  1865-73,  and  from  a  mathematical  consideration  of  the  numbers 
he  concludes  that,  according  to  the  theory  of  probabilities,  it  is  36,000  to  1 
that  there  is,  in  each  period,  a  connection  between  the  two  occurrences.* 
Other  observations  in  Germany  are  confirmatory,^  but  in  this  country  the  con- 
nection has  not  been  traced.    In  some  outbreaks  of  enteric  fever,  the  ground 
water  has  been  rising  and  not  faUing.    Podor ^  says  that  at  Buda-Pesth  the  rise 
of  enteric  fever  mortality  accompanies  the  rising  ground  water,  and  the  two 
fall  toaether.    In  other  instances  the  attacks  have  been  traced  to  impure 
drinking  water  or  milk,  to  sewer  emanations,  or  to  personal  contagion,  and  the 
agency  of  the  ground  water  has  appeared  to  be  quite  negative.    Dr.  Buchanan ' 

1  Quoted  by  Kirchner,  Lehrb.  der  Mil.-Hygiene,  1869,  pp.  217,  218. 

Zeitschrift  fur  Biologic,  BmAi.^.!. 

consisting  of  hue  sand  wit^^^^  n     ^^^t^^ts  soak  into  the  surrounding 

results  were  directly  opposed  to  7"^°^9^f  '  "^'^^^^^  the  ground  water  a  local  matter,  and 
Geissler  considers  the  influence  of  the  "^e  and  fa  1  ot  t'^^  gjo^mj  contaminated  water.  The 
agrees  with  Rudolph  Rath     .^^tributing  the  tjjhoid  o^^^^^^^  ^  ,.,ry 

else  of  water  transmission  (w  uch  he  ^^t^l^f^^  ^ag^^^^^^^  ^g-g 
conclusive  one.   {Schmidt's  Jahrhucli.,  IBM,  ^?V,^'ii,^  J^Z,/  Rcvorts,  vol.  xv.  p.  197.) 

p,  237  ;  see  also  an  abstract  in  the  Report  on  Hygiene,^^^^^^^^         Senkofer's  views,. and 
Vogt  of  Bern  (Trinkwasser  oder  JJodengase)  strongly  suppoits  ruienKomi 

™  Op.Ta.*°°^  °'  ^"''^MSd  Si  .«!  Oazette.  March  1870. 
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has  quoted  a  case,  in  which  the  sinking  of  the  ground  water  and  the  outbreak 
of  fever  were  coincident,  and  yet  the  connection  was,  so  to  speak,  accidental, 
for  the  efficient  cause  of  the  outbreak  was  the  poisoning  of  the  drinking  water 
with  typhoid  evacuations.  And  he  also  points  out  that  when  the  ground 
water  has  actually  been  lowered  in  certain  English  towns  by  drainage  opera- 
tions, typhoid  fever  has  not  increased  as  it  should  do,  according  to  theory, 
but  has  diminished,  owing  to  the  introduction  of  pure  water  from  a  distance. 
He  thus  thinks  that,  while  a  connection  between  the  prevalence  of  typhoid 
fever  and  sinking  of  the  ground  water  must  be  admitted  to  exist,  it  is 
indirect,  and  the  true  cause  of  the  fever  is  impurity  of  the  drinking  water. 
Pettenkofer  has  replied  to  this  view,^  and  denies,  from  actual  analysis,  the 
fact  of  the  contamination  of  the  drinking  water  in  typhoid  outbreaks. 

At  the  present  moment  the  observations  of  Pettenkofer,  and  the  case  of  the 
barracks  at  Neustif t,  recorded  by  Buxbaum,  are  certainly  in  favour  of  the 
opinion  that  a  direct  connection  may  exist  in  some  cases  between  the  sinking 
of  the  ground  water  and  outbreaks  of  typhoid ;  but  the  frequency  and  extent 
of  the  connection  remains  to  be  determined,  and  in  this  country,  at  any  rate, 
the  other  conditions  of  spread  of  typhoid  appear  to  be  far  more  common. 

Assuming  the  truth  of  the  connection,  the  other  conditions  which 
Pettenkofer  considers  necessary,  besides  a  rapid  sinking  of  ground  water  after 
an  unusual  rise,  are  impurity  of  the  soil  from  animal  impregnation,  heat  of 
soil,  and  the  entrance  of  a  specific  germ.^ 

A  very  similar  view  is  held  by  Pettenkofer  in  respect  of  cholera,  and  he 
has  advanced  many  strildng  arguments  ^  to  show  that  while  sporadic  cases  of 
cholera  may  occur,  that  there  will  be  no  wide-spread  epidemic,  unless  certain 
conditions  of  soil  are  present,  viz.,  an  impure  porous  soil,  which  has  recently 
been  rendered  moist  by  a  rise  of  ground  water,  and  then  has  been  penetrated 
by  air  during  the  fall  of  ground  water,  and  into  which  the  specific  germ 
{Keim)  of  cholera  has  found  its  way.* 

In  Germany  Pettenkofer's  views  on  the  spread  of  cholera  have  not  met  with 
universal  acceptance,^  though  there  are  several  instances  in  support.  In  India 
the  weight  of  the  evidence  is  at  present  against  Pettenkofer's  views  f  but  as 
investigations  are  now  going  on  which  will  in  a  few  years  settle  the  point,  it 
is  desirable  at  present  to  refrain  from  forming  a  decided  opinion,  except  in  so 
far  that  we  may  feel  sure  that  the  singularly  localised  outbreaks  which  some- 
times occur  in  India  are  quite  unconnected  with  any  subsoil-water  variations. 

In  the  report  of  MM.  Lewis  and  Cunningham  {op.  cit.)  it  is  shown  that  the 
cholera  at  Calcutta  in  1873-4  followed  the  curve  of  the  ground  water-level 
inversely,  exactly  in  accordance  with  Pettenkofer's  views. 


2  Vierteljahrschrift  filr  offentl.  Ges.,  Band  ii.  p.  181. 

3  Among  his  many  essays,  special  reference  may  be  made  to  his  Analysis  of  the  "Reasons  of 
the  Imniumty  of  Lyons  from  Cholera,"  Zeitsch.  fur  Biol,  Band  iv.  p  400  ^^^sons  oi 

derivPfffmIn''nf '^'  ■Vl'^'fi'^'^^  impurity  which  aids  in  producing  cholera  is 

derived  from  persons  ill  with  the  disease.    For  a  discussion  on  Pettenkofer's  views  on  this 

nsyfe       w^"};*  ^^^2'  ™        ^'"^y  Department  Report,  vol  S 

(1873) ;  and  for  his  latest  views,  vol.  xxii.  (1882)  pp.  251  e.t  seq. 

^■/f  ^*''\o"o!^■^*^°^*^"^  ^®  contained  in  F.  Kiichenmeister's  work  ( FerMttno 

SLS  T'  IS^AV'^'^V^"  ^'""'^^y  ^-  ^^^^'^^  {TJntersuherdie  Cholera,  1872)^  Di  ?3 
(health  officer  of  Munich)  believes  that  the  cholera  in  1873-4  was  imported  from  Vfp^'^n  I 

points  out  that  in  \KI?,  tlu.  crrnnnrl  wnfpr  nr,,1   ^on«,_..+°;  i^!/?™^?'^^^.'^ V.^^^Ifl'  ^^d 


Kr^Sn^*  the  ground  water  and  death-rate  were  not  in  accordance^vi^h  Petten 

kpter  s  theory    (See  Report  on  Hygiene,  Army  Med.  Report,  vol.  xv.  p  203) 

wateJZnn")  '       i"*'  ^-^  ^  I^^i^  <^°»t^"i     ">'^"y  cases  where  eronnd 

water  could  Lave  had  no  influence,  that  it  appears  impossible  to  accept  WtPnVIwc  f,™""^ 

iSt^nf?™'"'^''  ^'^P"^      1871  are  some  good  observkons  on  snbsXater  w^^^^^^ 
out  m  the  same  way  for  a  few  years  will  decide  this  question.  ' 
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Dysentery  and  the  so-called  bilious  remittent  fevers,  which  occur  in  foul 
camps  and  on  the  ground  largely  contaminated  by  animal  impurities,  may  be 
conjectured  to  be  also  influenced  by  variations  in  the  ground  water,  but  satis- 
factory evidence  has  not  yet  been  given.  In  the  Calcutta  Report,  above  cited, 
the  maximum  of  fever  corresponded  with  the  maximum  of  COg  in  the  soil 
atmosphere,  and  Avith  the  highest  ground  water-level.  Dysentery,  on  the 
other  hand,  showed  two  maxima,  one  at  the  rise  of  the  water-level,  and  the 
other  at  the  corresponding  point  of  the  fall. 

Podor  1  states  that  at  Buda-Pesth  cholera,  enteritis  and  intermittent  fever 
appear  to  be  connected  with  the  processes  which  go  on  in  the  upper  layer  of 
the  soil,  and  cholera  mortality  rises  and  falls  inversely  with  the  ground  water- 
level,  according  to  Pettenkofer's  view.  Enteric  fever,  on  the  other  hand, 
appears  to  be  connected  with  the  processes  which  go  on  in  the  lowest  stratum 
of  the  soil,  its  mortality  varying  directly  with  the  ground  water-level.  The 
lowest  lying  parts  of  the  city  have  the  most  impure  soil,  and  are  specially 
subject  to  cholera,  enteritis,  and  typhoid  fever;  whilst  measles,  scarlet 
fever,  croup,  and  diphtheria  appear  to  invade  all  parts  of  the  city 
indifferently. 

Measurement  of  the  Ground  Water. — The  height  at  which  water  stands  in 
wells  is  considered  to  give  the  best  indication  of  the  height  of  the  ground 
water.    Professor  Pettenkofer  uses  a  rod  on  which  are  fixed  a  number  of  little 
cups,  and  when  let  down  into  the  well  and  drawn  up  again,  the  uppermost 
cup  which  contains  water  marks,  of  course,  the  height  of  the  water ;  the 
length  of  the  cord  or  rod  used  for  letting  down  the  cups  being  known,  the 
changing  level  of  the  well  can  be  estimated  to  within  half  an  inch.  Some 
precautions  are  necessary  in  making  these  observations  ;  if  a  rope  is  used,  it 
may  stretch  with  use,  or  in  a  hot  dry  wind,  or  contract  in  wet  weather,  and 
thereby  make  the  observation  incorrect;  local  conditions  of  wells,  proximity 
to  rivers,  &c,,  must  be  learnt,  else  what  may  be  termed  local  alterations  in  a 
well  may  be  wrongly  supposed  to  mean  changes  in  the  general  level  of  the 
ground  water.    It  is  necessary,  therefore,  to  make  the  observations  simul- 
taneously in  many  wells  and  over  a  considerable  district.    The  observations 
should  be  made  not  less  often  than  once  a  fortnight,  and  oftener  if  possible, 
and  be  carried  on  for  a  considerable  time  before  any  conclusions  are  drawn. 

Pettenkofer  also  uses  a  large  float  which  is  suspended  by  a  chain  traveUmg 
over  a  pulley  :  this  supports  an  indicator  at  its  other  end,  which  marks  the 

height  on  a  fixed  scale.  j  •      i  •  j 

Metliod  of  rendering  Soil  Dner.— There  are  two  plans  of  doing  this,— deep 
drainage  and  opening  the  outflow.  The  laying  down  of  sewers  often  carries 
off  water  by  leaving  spaces  along  the  course  of  the  sewers,  but  this  is  a 
bad  plan  •  it  is  much  better  to  have  special  drains  for  ground  water  laid  by 
the  side  of  or  under  the  sewers.  Deep  soil  drainage  (the  drains  being  from 
8  to  12  feet  deep  and  10  to  20  feet  apart)  is  useful  m  all  soils  except  the 
most  impermeable,  and  in  the  tropics  should  be  carried  out  even  on  what  are 

apparently  dry  sandy  plains.  .     .^  rn  • 

In  some  cases  soil  may  be  rendered  drier  by  opening  the  outflow.  This  is 
an  engineering  problem  which  physicians  can  only  suggest  The  clearing  of 
water  courses,  removal  of  obstructions,  and  formation  of  fresh  channels  are 
measures  which  may  have  an  effect  over  very  large  areas  which  could  not  be 
reached  by  ordinary  drainage.   

1  Op.  cit. 
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Sub-Section  II. 

Solid  Constituents  of  the  Soil. 

There  are  certain  general  features  which  can  be  conveniently  considered 
first. 

1.  Conformation  and  Elevation. — The  relative  amounts  of  hill  and  plain  ; 
the  elevation  of  the  hills ;  their  direction ;  the  angle  of  slope  ;  the  kind,  size, 
and  depth  of  valleys ;  the  chief  water-sheds,  and  the  direction  and  discharge 
of  the  water-courses ;  the  amount  of  fall  of  plains,  are  the  chief  points  to  be 
considered. 

Among  the  hills,  the  unhealthy  spots  are  enclosed  valleys,  punch-bowls, 
any  spot  where  the  air  must  stagnate ;  ravines,  or  places  at  the  head  or 
entrance  of  ravines. 

In  the  tropics  especially  ravines  and  nullahs  are  to  be  avoided,  as  they  are 
often  filled  with  decaying  vegetation,  and  currents  of  air  frequently  traverse 
them.  During  the  heat  of  the  day  the  current  of  air  is  up  the  ravine ;  at 
night  down  it.  As  the  hills  cool  more  rapidly  than  the  surrounding  plains, 
the  latter  current  is  especially  dangerous,  as  the  air  is  at  once  impure  and 
cold.  The  worst  ravine  is  a  long  narrow  valley,  contracted  at  its  outlet,  so 
as  to  dam  up  the  water  behind  it,  A  saddleback  is  usually  healthy,  if  not 
too  much  exposed;  so  are  positions  near  the  top  of  a  slope.  One  of  the 
most  difficult  points  to  determine  in  hilly  regions  is  the  probable  direction  of 
winds ;  they  are  often  deflected  from  their  course,  or  the  rapid  cooling  of  the 
hills  at  night  produces  alteration. 

On  plains  the  most  dangerous  points  are  generally  at  the  foot  of  hills, 
especially  in  the  tropics,  where  the  water,  stored  up  in  the  hills,  and  flowing 
to  the  plain,  causes  an  exuberant  vegetation  at  the  border  of  the  hills. 

A  plain  at  the  foot  of  hills  may  be  healthy,  if  a  deep  ravine  cuts  off  com- 
pletely the  drainage  of  the  hill  behind  it. 

The  next  most  dangerous  spots  are  depressions  below  the  level  of  the  plain, 
and  into  which  therefore  there  is  drainage.  Even  gravelly  soils  may  be  damp 
from  this  cause,  the  water  rising  rapidly  through  the  loose  soil  from  the 
pressure  of  higher  levels. 

Elevation  acts  chiefly  by  its  effect  in  lessening  the  pressure  of  the  air,  and 
in  increasing  the  rapidity  of  evaporation.  It  has  a  powerful  eflect  on 
marshes ;  high  elevations  lessening  the  amount  of  malaria,  partly  from  the 
rapid  evaporation,  partly  from  the  greater  production  of  cold  at  night.  Yet 
malarious  marshes  may  occur  at  great  elevations,  even  6000  feet  (Erzeroum 
and  Mexico). 

2.  Vegetation. — The  effect  of  vegetation  on  ground  is  very  important.  In 
cold  climates  the  sun's  rays  are  obstructed,  and  evaporation  from  the  ground 
is  slow ;  the  ground  is  therefore  cold  and  moist,  and  the  removal  of  wood 
renders  the  climate  milder  and  drier.  The  extent  to  which  trees  impede  the 
passage  of  water  through  the  soil  is  considerable. 

In  hot  countries  vegetation  shades  the  ground,  and  makes  it  cooler.  The 
evaporation  from  the  surface  is  lessened  ;  but  the  evaporation  from  the  vege- 
tation IS  so  great  as  to  produce  a  perceptible  lowering  effect  on  the  temperature 
of  a  place.  Pettenkofer  has  calculated  that  an  oak  tree  which  had  711,592 
leaves,  had  during  the  summer  months  (May-October)  an  evaporation  equal 
to  539-1  centimetres  (  =  212  inches),  while  the  rainfall  was  only  65  centi- 
metres (  =  25-6  inches;  so  that  the  evaporation  was  8^  times  the  rainfall  • 
this  shows  how  much  water  was  abstracted  from  the  soil,  and  how  the  air 
must  have  been  moistened  and  cooled.    Observations  in  Algeria  (Gimbert) 
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have  shown  that  the  Eucali/ptus  globulus  ahsovhs  and  evaporates  11  times 
the  rainfall ,  extremely  malarious  places  being  rendered  healthy  in  this 
way  in  four  or  five  years. 

The  hottest  and  driest  places  in  the  tropics  are  those  divested  of  trees.^  _ 
Vegetation  produces  also  a  great  effect  on  the  movement  of  air.    Its  velocity 
is  checked  ;  and  sometimes  in  thick  clusters  of  trees  or  underwood  the  air  is 
almost  stagnant.   If  moist  and  decaying  vegetation  be  a  coincident  condition 
of  such  stagnation,  the  most  fatal  forms  of  malarious  disease  are  produced. 

Vegetation  may  thus  do  harm  by  obstructing  the  movement  of  air ;  on  the 
other  hand,  it  may  guard  from  the  currents  of  impure  air.  The  protective 
influence  of  a  belt  of  trees  against  malaria  is  most  striking. 

In  a  hygienic  point  of  view,  vegetation  must  be  divided  into  herbage,  brush- 
wood, and* trees;  and  these  should  be  severally  commented  on  in  reports. 

Herbage  is  always  healthy.  In  the  tropics  it  cools  the  ground,  both  by 
obstructing  the  sun's  rays,  and  by  aiding  evaporation ;  and  nothing  is  more 
desirable  than  to  cover,  if  it  be  possible,  the  hot  sandy  plains  of  the  tropics 
with  close-cut  grass. 

Brushwood  is  frequently  bad,  and  should  often  be  removed.  There  is,  how- 
ever, evidence  that  the  removal  of  brushwood  from  a  marsh  has  increased  the 
evolution  of  malaria,  and  that,  like  trees,  brushwood  may  sometimes  offer  ob- 
struction to  the  passage  of  malaria.  It  must  also  be  remembered  that  its 
removal  will  sometimes,  on  account  of  the  disturbance  of  the  ground,  increase 
malarious  disease  for  the  time  ;  and  therefore,  in  the  case  of  a  temporary  camp 
in  a  hot  malarious  country,  it  is  often  desirable  to  avoid  disturbing  it.  V\  hen 
removed,  the  work  should  be  carried  on  in  the  heat  of  the  day,  i.e,  not  mthe 
early  morning  or  in  the  evening.  . 

Trees  should  be  removed  with  judgment.  In  cold  countries  they  shelter 
from  cold  winds ;  in  hot,  they  cool  the  ground  ;  in  both,  they  may  protect 
from  malarious  currents.  A  decided  and  pernicious  interference  with  the 
movement  of  air  should  be  almost  the  only  reason  for  removing  them  In 
some  of  the  hottest  countries  of  the  world,  as  in  Southern  Burmah,  the  in- 
habitants place  their  houses  under  the  trees  with  the  best  effects j  and  it  was 
a  rule  with  the  Eomans  to  encamp  their  men  under  trees  m  all  hot  countries. 

The  kind  of  vegetation,  except  as  being  indicative  of  a  damp  or  dry  sou, 
does  not  appear  to  be  of  importance.  ^  4. 

Absorption  ofHeat-The  heat  of  the  sun  is  absorbed  in  different  amounts 
by  different  soils  equally  shielded  or  unshielded  by  vegetation  The  colour 
of  the  soiland  its  aggregation  seem  chiefly  to  determine  it.  Jhe  ^^^^^^^^^^^^ 
incoherent  sands  are  the  hottest ;  even  in  temperate  climates  Ar ago  found  the 
temperature  of  sand  on  the  surface  to  be  122°  Fahr.,  and  at  the  Cape  of  Good 
rrnerchel  observed  it  to  be  no  less  than  159°^  The  heating  power  of 
the  su?s  rays  is  indeed  excessive.  In  India,  the  thermometer  placed  on  the 
'round  and  exposed  to  the  sun  will  mark  160°  Buist),  while  2  feet  from  the 
Sound  ?t  win  on  y  mark  120°.  Buist  thinks  that  if  protected  from  currents 
Kr  it  would  mark  212°  when  placed  on  the  ground.  The  absorbing  and 
radktin^  po^^^^^^^  soil  are  not  necessarily  equal,  though  they  m.jhe  so 
C  et^^raUv  thTradiating  power  is  more  rapid  than  the  absorbing ;  soils  cool 

1  It  has  been  proposed  (bT^iT^^^^^^^^^  ^^^^  ^^'^  °' 

cleared  laiKls  ;  forests  heat  the  air  during  the  day  and  chill  it  at  night. 

2  Meteorology,  p.  4. 
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at  nigM  that  the  evolution  of  malaria  is  stopped,  and  the  marsh  is  not 
dangerous  during  the  night.  A  thermometer  marked  32°  Fahr.  on  the  ground, 
while  16  feet  above  the" ground  it  marked  50°  Fahr.  (Jourdanet). 

In  Calcutta,  Lewis  and  Cunningham ^  found  that  the  temperature 
of  the  soil  varied  with  the  season.  In  hot  weather  the  thermometer  stood 
highest  in  the  air,  next  highest  in  the  upper  stratum  of  the  soil,  and  lowest 
in  the  lower  stratum.  In  cold  weather  the  conditions  were  exactly  reversed, 
the  air  being  coolest  and  the  lowest  stratum  of  soil  the  hottest.  During  rain, 
however,  these  relations  were  not  constant. 

With  regard  to  absorbing  power,  the  following  table  by  Schiibler  contains 
the  only  good  experiments  at  present  known  : — 

Fow&r  of  retaining  Heat ;  100  'being  assumed  as  the  standard. 


Clayey  earth,  .  ,  .  68'4: 

Pure  clay,  .  .  .  66  "7 

Fine  chalk,  .  .  '    .  61-8 

Humus,    .  .  .  .  49 


Sand  with  some  lime,     .  100 
Pure  sand,     .       .       .  95*6 
Light  clay,     .       .       .  76-9 
Gypsum,       .       .       .  72-2 
Heavy  clay,   .       ,       .         71 'll 

The  great  absorbing  power  of  the  sands  is  thus  evident,  and  the  compara 
tive  coldness  of  the  clays  and  humus.  Herbage  lessens  greatly  the  absorbing 
power  of  the  soil,  and  radiation  is  more  rapid.  On  the  Orinoco,  a  naked 
granite  rock  has  been  known  to  have  a  temperature  of  118°  Fahr.,  while  an 
adjacent  rock,  covered  with  grass,  had  a  temperature  32°  lower. 

In  cold  countries,  therefore,  the  clayey  soils  are  cold,  and  as  they  are  also 
damp,  they  favour  the  production  of  rheumatism  and  catarrhs ;  the  sands 
are,  therefore,  the  healthiest  soils  in  this  respect.  In  hot  countries  the  sands 
are  objectionable  from  their  heat,  unless  they  can  be  covered  with  grass. 
They  sometimes  radiate  heat  slowly,  and  therefore  the  air  is  hot  over  them 
day  and  night. 

The  sun's  rays  cause  two  currents  of  heat  in  soil :  one  wave  diurnal,  the 
heat  passing  down  in  temperate  climates  to  about  4  feet  in  depth  during  the 
day,  and  receding  during  the  night — the  depth,  however,  varying  with  the 
nature  of  the  soil,  and  with  the  season ;  the  other  wave  is  annual,  and  in 
temperate  climates  the  wave  of  summer  heat  reaches  from  50  to  100  feet. 
The  line  of  uniform  yearly  temperature  is  from  57  to  99  feet  below  the  surface 
(Forbes). 

Not  only  does  the  amount  of  radiation  differ  in  different  soils,  but  a  change 
is  produced  in  the  heat  by  the  kind  of  soil.    The  remarkable  researches  of 
Tyndall  have  shown,  that  the  heat  radiated  from  granite  passes  through  aqueous 
vapour  much  more  readily  than  the  heat  radiated  by  water  (though  the  passage 
IS  much  more  obstructed  than  in  dry  air).    In  other  words,  the  luminous  heat 
rays  of  the  sun  pass  freely  through  aqueous  vapours,  and  fall  on  water  and 
granite  ;  but  the  absorption  produces  a  change  in  the  heat,  so  that  it  issues 
again  from  water  and  granite  changed  in  quality ;  it  will  be  most  important 
lor  physicians  if  other  soils  are  found  to  produce  analogous  changes. 
,     With  regard  to  the  effect  of  temperature  of  the  soil  on  disease,  it  can  hardly 
1  be  doubted  that  it  powerfully  influences  malaria,  and  probably  also  aids  the 
progress  of  cholera. 

Reflection  of  Light- This  is  a  matter  of  colour;  the  white  glaring  soils 
reflect  light  and  such  soils  are  generally  also  hot,  as  the  rays  of  heat  are  also 
retlected.  The  effect  of  glare  on  the  eyes  is  obvious,  and  in  the  tropics  this 
becomes  a  very  important  point.    If  a  spot  bare  of  vegetation,  and  with  a 

^  Op.  cit. 
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white  surface,  must  he  used  for  habitations,  some  good  result  might  be  obtained 
by  colouring  the  houses  pale  blue  or  green. 

Chemical  Composition  of  the  Solid  Parts  of  Soil. 

Vegetable  Matters. — Almost  all  soils  contain  vegetable  matter.    It  exists 
in  three  chief  forms — deposits,  vegetable  debris^  and  incrustations.  Deposits 
occur  in  tracts  of  land  which  have  been  covered  by  silt  brought  down  by  floods, 
or  which  have  been  submerged  by  subsidence ;  forests  have  been  thus  buried, 
and  again  elevated.    In  the  marshes  of  the  Tuscan  Maremma,  and  in  many 
other  cases,  the  vegetable  forms  can  be  traced  without  difificulty  to  a  consider- 
able depth,  and  the  structure  is  even  sometimes  little  changed,  although  so 
vast  a  period  of  time  has  elapsed.    Vegetable  debris  produced  by  the  decay 
of  plants  lies  on,  or  is  washed  into,  the  soil,  and  in  this  way  the  ground  may 
be  penetrated  to  great  depths.    In  some  cases,  especially  in  sandy  plains  at 
the  foot  of  hills,  the  rain  brings  down  very  finely-divided  debris,  and  is 
filtered  as  it  passes  through  the  soil,  so  that  each  particle  of  sand  becomes 
coated  over  or  incrusted  with  a  film  of  vegetable  matter.    If  such  a  plain  be 
subjected  to  alternate  wettings  and  dryings,  and  to  heat,  the  conditions  of 
development  of  malaria  may  be  present  in  great  intensity  ;  although  there  is 
not  only  no  marsh,  but  the  sand  is  to  aU  appearance  dry  and  pure. 

Animal  matters— The  remains  of  animals  are  found  in  all  but  the  oldest 
rocks ;  generally  the  animal  constituents  have  disappeared,  but  it  is  remark- 
able how'in  some  cases,  even  in  geological  formations  as  old  as  the  tertiary 
strata,  some  animal  matter  may  be  found.    On  the  surface  there  is  perhaps  no 
soil  which  does  not  contain  some  animal  matters  derived  from  dead  animals 
or  excreta,  although,  except  in  special  cases,  the  amount  is  small    The  soil 
of  countries  which  have  been  long  settled  is,  however,  often  highly  impure 
in  the  neighbourhood  of  habitations  from  the  refuse  (animal  and  vegetable) 
which  is  thrown  out.    In  some  loose  soils  cess-pits  used  for  fi^fty  years  have 
never  been  emptied,  and  are  still  not  full,  owing  to  soakage.i  Pettenkofer 
coniectures  that  in  Munich  90  per  cent,  of  the  excretions  pass  into  the  ground 
In  clayey  soil  there  is,  of  course,  much  less  infiltration  than  in  sandy,  and 
often  scarcely  any.    In  India,  the  nitrification  of  vast  tracts  of  land  is  for  the 
most  part  owing  to  the  oxidation  of  animal  refuse.     ,     ,  , 

A  means  of  purification  from  animal  impregnation  has  been,  however,  pro- 
vided by  oxidation,  and  the  influence  of  growing  vegetation.    In  all  soiJ^, 
except  the  hottest  and  driest,  animal  refuse,  under  the  influence  of  minute 
fermenting  organisms,  passes  into  nitrates,  mbrites,  and  ammonia  and  fatt) 
hydrocarbons, 'rather  rapidly,  and  these  are  eagerly  absorbed  by  vegetat  on^ 
A  means  is  therefore  pointed  out  which  may  keep  the  sod  clear  from 
tZZL  an  mal  impregnations,  and  this  is  no  doubt  one  reason  why 
tpCer^ent  in  public  health  follows  improved  cultivation.    It  has  become 
an  te  dear  that  in  the  plans  for  the  disposal  of  the  human  and  anima  excreta 
o^towt  whether  by  wet  or  dry  methods,  an  essential  part  of  the  plan  is  to 
^ubmTt  thele  excreta  to  the  influence  of  growing  plants  as  soon  as  possible. 

Xlta  mXrl-An  number  of  mineral  substances  are  scattered 

thr^  rthrcrusl  of  the  earth,  but  some  few  are  in  great  preponderance  vi^, 
cXoLds  of  S^^^^^^^^  calcium,  iron,  carbon,  chlorine,  phosphorus, 

^''i:^^^tt'Zn.^ii.^i.  of  the  soil  round  any  dwellings,  the immedi^ 
locaUondTon?are  of  more  importance  than  the  extended  geological  generahsa- 

1  Gottislieimin  Basel  {Das  unterirdische  Basel,  1868). 
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tions ;  it  is,  so  to  speak,  the  house  and  not  the  regional  geology  which  is  of 
use.  Still  the  general  geological  conditions,  as  influencing  conformation  and 
the  movement  of  water  and  air  through  and  over  the  country,  are  of  great 
importance. 

1.  The  Granitic,  MetamorpMc,  and  Trap  Rocks. — Sites  on  these  formations 
are  usually  healthy;  the  slope  is  great,  water  runs  olf  readily;  the  air  is  com- 
paratively dry;  vegetation  is  not  excessive;  marshes  and  malaria  are  compara- 
tively infrequent,  and  few  impurities  pass  into  the  drinking  water. 

When  these  rocks  have  heen  weathered  and  disintegrated,  they  are  supposed 
to  be  unhealthy.  Such  soil  is  absorbent  of  water ;  and  the  disintegrated 
granite  of  Hong-Kong  is  said  to  be  rapidly  permeated  by  a /«?if7Ms  ;i  but 
evidence  as  to  the  effect  of  disintegrated  granite  or  trap  is  really  wanting. 

In  Brazil 2  the  syenite  becomes  coated  with  a  dark  substance,  and  looks  like 
plumbago,  and  the  Indians  believe  this  gives  rise  to  calentura,"  or  fevers. 
The  dark  granitoid  or  metamorphic  trap,  or  hornblendic  rocks  in  Mysore,  are 
also  said  to  cause  periodic  fevers ;  and  iron  hornblende  especially  was  affirmed 
by  Dr.  Heyne  of  Madras  to  be  dangerous  in  this  respect.  But  the  observa- 
tions of  EichterS  on  similar  rocks  in  Saxony,  and  the  fact  that  stations  on 
the  lower  spurs  of  the  Himalayas  on  such  rocks  are  quite  healthy,  negative 
Heyne's  opinion. 

2.  The  Clay  Slate. — These  rocks  precisely  resemble  the  granite  and 
granitoid  formations  in  their  effect  on  health.  They  have  usually  much 
slope  ;  are  very  impermeable ;  vegetation  is  scanty  ;  and  nothing  is  added  to 
air  or  to  drinking  water. 

They  are  consequently  healthy.  Water,  however,  is  often  scarce;  and,  as 
in  the  granite  districts,  there  are  swollen  brooks  during  rain,  and  dry  water- 
courses at  other  times  swelling  rapidly  after  rains. 

3.  Tlie  Limestone  and  Magnesian  Limestone  i2ocfe.— These  so  far  resemble 
the  former,  that  there  is  a  good  deal  of  slope,  and  rapid  passing  off  of  water. 
Marshes,  however,  are  more  common,  and  may  exist  at  great  heights.  In  that 
case  the  marsh  is  probably  fed  with  water  from  some  of  the  large  cavities 
which,  m  the  course  of  ages,  become  hollowed  out  in  the  limestone  rocks  by 
the  carbonic  acid  of  the  rain,  and  form  reservoirs  of  water. 

The  drinking  water  is  hard,  sparkling,  and  clear.  Of  the  various  kinds  of 
hmestone,  the  hard  ooHte  is  the  best,  and  magnesian  is  the  worst;  and  it  is 
desirable  not  to  put  stations  on  magnesian  limestone  if  it  can  be  avoided. 

4.  llie  GAaZA:.— The  chalk,  when  unmixed  with  clay  and  permeable,  forms 
a  very  healthy  soil.  Ihe  air  is  pure,  and  the  water,  though  charged  with 
calcium  carbonate,  is  clear,  sparkling,  and  pleasant.  Goitre  is  not  nearly  so 
common,  nor  apparently  calculus,  as  in  the  limestone  districts. 

Ti?  1        marly,  it  becomes  impermeable,  and  is  then  of  ten  damp  and 
wl        1  Pf/ts  of  the  chalk,  which  are  underlaid  by  gault  clay,  and 

wh  ch  also  receive  the  drainage  of  the  parts  above,  are  often  very  malarious  • 
^        T"'?'  '^""^  "^^'^^  districts  are  on  the  chalk. 

aT,Jol  '^7^<^'^of«^-—Tho  permeable  sandstones  are  very  healthy ;  both  soil 
ana  air  are  dry ;  the  drmkmg  water  is,  however,  sometimes  impure     If  the 

^'i^iz:^.:"^^'"- ^  th: 

'^^"^^'^^^^"^       ^^^'^  ^-^^^^^y'       ^l^eir  conditions 

__^^_g;;«g^of  aSy  depth  are  always  healthy,  except  when  they  are  much 

Ost.  Asiens,  von  C.  Friedel,  1863.  "~ 
'  2  M'Williams  on  Yelloiu  Fever  in  Brazil  p  7 

3  ScJmicU's  Jahrbiich,  1864,  No  5  p  940  "  ' 


Y 


338. 


SOILS. 


"bolow  the  general  surface,  and  water  rises  through  them.  Gravel  hillocks  are 
the  healthiest  of  all  sites,  and  the  water,  which  often  flows  out  in  springs  niiar 
the  base,  being  held  up  by  underlying  clay,  is  very  pure. 

7.  Sands.— ThQVO  are  both  healthy  and  unhealthy  sands,  ihe  healthy  are 
the  pure  sands,  which  contain  no  organic  matter,  and  are  of  considerable 
depth.  The  air  is  pure,  and  so  is  often  the  drinking  water.  Sometimes  the 
drmking  water  contains  enough  iron  to  become  hard,  and  even  chalybeati;. 
The  unhealthy  sands  arc  those  which,  like  the  subsoil  of  the  Landes,  m 
south-west  France,  are  composed  of  siliceous  particles  (and  some  iron),  hel.l 
■together  by  a  vegetable  sediment. 

In  other  cases  sand  is  unhealthy,  from  underlying  clay  or  lateritc  near  the 
surface,  or  from  being  so  placed  that  water  rises  through  its  permeable  soil 
from  higher  levels.  Water  may  then  be  found  withm  3  or  4  feet  ot_  the 
surface  land  in  this  case  the  sand  is  unhealthy,  and  often  malarious. 
Impurities  are  retained  in  it,  and  effluvia  traverse  it. 

In  a  third  class  of  cases,  the  sands  are  unhealthy  because  they  contain 
soluble  mineral  matter.  Many  sands  (as,  for  example,  in  the  Punjab)  con- 
tain much  magnesium  carbonate  and  lime  salts,  as  well  as  salts  of  the 
alkalies  The  drinking  water  may  thus  contain  large  quantities  ot  sodium 
chloride,  sodium  carbonate,  and  even  lime  and  magnesian  salts  and  iron. 
Without  examination  of  the  water,  it  is  impossible  to  detect  these  points. 

8  ClaiL  Dense  Marls,  and  Alluvial  Soils  generalhj. -These  are  always  to 
be  regarded  with  suspicion.  Water  neither  runs  off  nor  runs  through ;  the 
a'r  is  moist ;  marshes  are  common ;  the  composition  of  he  water  varies,  bu  it 
S  often  impure  with  lime  and  soda  salts.  In  alluvial  soils  thei^  are  often 
alternation^  of  thin  strata  of  sand,  and  sandy  impermeable  clay ;  much 
Z^aTLiier  is  often  mLxed  with  this,  and  air  and  water  -e^oth  impure 
Vast  tracts  of  ground  in  Bengal  and  in  the  other  parts  of  India,  along  the 
course  of  the  great  rivers  (the  Ganges,  Brahmaputra,  Indus,  f  erbudda 
Sna  &c  ),  are  made  up  of  soils  of  this  description,  and  some  of  the  most 
f:^o^:Lt^Lus  even  up  country,  such  as  Cawnpore  are  plac^^^^^^^ 

The  deltas  of  great  rivers  present  these  alluvial  characters  in  the  higHe.t 
deiee  and  should  not  be  chosen  for  sites.  If  they  must  be  taken,  only  the 
StCuS  linage  can  make  them  healthy.  It  is  astonishing,  however 
most  thoiougn  araiuci  drainage  of  even  a  small  area,  qmte 

not  be  overlooked.  c    ^„r,ri  wVnVh  is  to  be  builtiipon  are 

10.  Made  Soils.-The  inequahties  of  g^^^^  ^^f/Xv  .efiLe  of  a 

filled  up  with  whatever  happens  to^e  availabl  •  p,,fc 
town,  tL  cinders,  or  dust  heaps,  ^^^^^^^^^  or  f  ac  ory 

being  removed,  are  used  for  P^^P°^?;  ^'^^  ^^^^^r  a  house  is  thus  often 
refuse  of  some  kmd  is  employed.    ^^^^XtXe  organic  matters  in  soil 

extremely  impure.    It  appears^^owev^  

-----^^  and  the  late  Dr.  ParUes, 

p.  9  et  seq. 
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gradually  disappear  by  oxidation  and  removal  by  rain,  and  thus  a  soil  in  time 
purifies  itself.  The  length  of  time  in  which  this  occurs  will  necessarily  depend 
on  the  amount  of  impurity,  the  freedom  of  access  of  air,  and  the  ease  with 
which  water  passes  through  the  soil.  In  the  soil  at  Liverpool,  made  from 
cinder  refuse,  vegetable  matters  disappeared  in  about  three  years ;  textile 
fabrics  were,  however,  much  more  permanent ;  wood  and  straw,  and  cloth, 
were  rotten  and  partially  decayed  in  three  years,  but  had  not  entirely 
disappeared.  In  any  made  soil,  it  should  be  a  condition  that  the  transit  of 
water  through  its  outlet  from  the  soil  shall  be  unimpeded.  The  practice  of  till- 
ing up  inequalities  is  certainly,  in  many  cases,  very  objectionable,  and  should 
only  be  done  imder  strict  supervision. 


Sub- Section  III. 


Malarious  Soils.— DouU^  have  been  expressed  whether  those  paroxysmal 
fevers,  which  are  curable  by  quinine,  are  produced  either  by  telluric  effluvia, 
or  by  substances  passing  from  the  soil  into  the  drinking  water.  The  evidence, 
however,  appears  conclusive  in  favour  of  both  these  modes  of  entrance  into 
the  bodv. 


If  It  be  asked.  What  exact  chemical  conditions  of  soil  favour  the  produc- 
tion of  the  malaria  which  causes  periodical  fevers?  the  answer  cannot  be 
given,  because  no  great  chemist  has  ever  systematically  prosecuted  this 
inquiry,  and,  m  fact,  it  may  be  said  that,  singularly  enough,  there  are  few  good 
analyses  of  malarious  soils,  although  no  problem  is  perhaps  more  important 
to  the  human  race.  It  seems  pretty  clear  that  the  mineral  constituents  of 
the  soil  are  of  little  or  no  consequence.  Malaria  will  prevad  on  chalk,  lime- 
stone, sand,  and  even,  under  special  conditions,  on  granite  soils. 

ihe  following  soils  have  been  known  to  cause  the  evolution  of  the  ao-ent 
causmg  periodical  fevers  m  the  malarious  zone 

flowVf  wtr^^^^r^J  *^'f  ^i^^.P^^^y  tliose  which  are  regularly  over- 
flowed by  the  sea  (and  not  occasionally  inundated),  and  the  marshes  in  the 
southern  hemisphere  (AustraHa,  I^ew  Zealand,  New  Caledonia)  and  some 
dirXr"'"'  condition,^do  not  p" - 


wali\ut'nol  '^'''^'1  ^^^ell-marked  marshes  are  a  large  percentage  of 
watei,  but  no  flooding  ;  a  large  amount  of  organic  matter  (10  to  45  per  cent  ) 
ne  L  an  /V^^^^^^^  constituents  silicates  of  aluminU;  calciL,  mag^ 
nesium,  and  alkahne  sulphates  ;  calcium  carbonate,  &c.    The  surface  is  flat 

ihe  analyses  of  the  worst  malarious  marshes  show  a  laro-e  amount  of  veo-p 

\l2  j\lr^^''^^^  the  Tuscan  Maremma,  which  must 

^^^  l^^l^^^^^  y--'  -ny'of  the  pSn 

makes  the  .oH  .1 1  i  •     .  ^decomposition  is  much  aided  by  heat,  which 

wSmakeftb^^      '  rom  ammonia  (Angus  Smith),  and  retarded  by  cold 
vvmcn  makes  the  ground  acid,  especially  in  the  case  of  peaty  soils 

'  Quoted  by  Hirsch,  JcM.  far  die  Ges.  M^^:;^^i^;^^~^  
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marshy.  It  is  to  be  presumod  that  the  newest  alluvium  contains  more  organic 
matters  and  salts  than  the  older  formations.  Many  alluvial  soils  have  a  ftat 
surface,  a  bad  outfall,  and  are  in  the  vicinity  of  streams  which  may  cause 
great  variations  in  the  level  of  the  ground  water.  Mud  banks  also,  on  the 
side  of  large  streams,  especially  if  only  occasionally  covered  with  water,  may 
be  highly  malarious ;  and  this  is  the  case  also  with  deltas  and  old  estuaries, 

3.  The  soils  of  Tropical  Valleys,  Ravines,and  Nullahs.— In  many  cases  large 
quantities  of  vegetable  matter  collect  in  valleys,  and  if  there  is  any  narrowing 
at  the  outlet  of  the  valley,  the  overflow  of  the  rains  may  be  impeded.  _  Such 
valleys  are  often  very  malarious,  and  the  air  may  drift  up  to  the  height  of 
several  hundred  feet. 

4.  Sandy  plains,  especially  when  situated  at  the  foot  of  troxncal  lulls,  and 
covered  with  vegetation,  as  in  the  case  of  the  "Terai "  at  the  base  of  some 
parts  of  the  Himalayan  range.    In  other  cases,  the  sandy  plains  are  at  a  dis- 
tance from  hills,  and  are  apparently  dry,  and  not  much  subjected  to  the 
influence  of  variations  in  the  ground  water.    The  analysis  of  such  sand  has 
not  yet  been  properly  made,  but  two  conditions  seem  of  importance.  Some 
sands,  which  to  the  eye  appear  quite  free  from  organic  admixture,  contain 
much  organic  matter.    Faure  has  poi]ited  out  that  the  sandy  soil  of  the 
Landes  in  south-west  France  contains  a  large  amount  of  organic  matter,  which 
is  slowly  decomposing,  and  passes  into  both  air  and  water,  causing  periodical 
fevers.    This  may  reasonably  be  conjectured  to  be  the  case  with  other 
malarious  sands.  '  Then,  under  some  sands,  a  few  feet  from  the  surface,  there 
is  clay,  and  the  sand  is  moist  from  evaporation.    Under  a  great  heat  a  small 
quantity  of  organic  matter  may  thus  be  kept  in  a  state  of  change.    This  is 
especially  the  case  along  the  dried  beds  of  water  courses  and  torrents ;  there 
is  always  a  subterranean  stream,  and  the  soil  is  impregnated  with  vegetable 
matter.    In  other  cases  the  sands  may  be  only  malarious  during  rams  when 
the  upper  stratum  is  moist. 

5.  Certain  hard  rocks  {granitic  and  metamorphic)  have  been  abeady  noticed 
(p  337)  especially  when  weathered,  to  have  the  reputation  of  being  mala- 
rious ;  more  evidence  is  required  on  this  point.  As  Friedel  justly  remarks  of 
Honcr-Koncr,  it  is  not  the  disintegrated  granite,  i?er  se,  which  causes  the  fever, 
but  the  soil  of  the  woods  and  dells,  and  the  clefts  in  the  rocks,  which  were 
derived  from  the  granite,  and  are  soon  filled  with  a  cryptogamic  vegetation.^ 

The  magnesian  limestone  rocks  which  have  been  subjected  to  volcamc 
action  have  also  been  supposed  to  be  especially  malarious  (Ku'k  who  instances 
the  rocks  at  Sukkar),  but  the  evidence  has  not  been  yet  corroborated. 

6  Iron  Soils.— ^iv  Eanald  Martin  has  directed  attention  to  the  fact  tHat 
manv  reputed  malarious  soils  contain  a  large  proportion  of  iron.  K"o  good 
evidence  has  been  adduced  that  this  is  connected  with  malaria,  but  the  pomt 
requires  further  examination.  The  red  soil  from  Sierra  Leone,  which  con- 
tains more  than  30  per  cent,  of  oxides  of  iron,  shows  nothing  which  appeals 
likely  to  cause  malaria.^  The  peroxide  of  iron  is  a  strong  oxidising  agent 
readHy  yielding  oxygen  to  any  oxidisable  substance,  ^^d/'^S^/^tTr 
from  the  air.    It  may,  therefore,  assist  m  the  oxidation  of  vegetable  matter 

in  an  iron  soil.^   

1  Analysis  of  the  Red  Earth  of  Sierra  Leone,  hy  Assistant-Surgeon  J.  A.  B.  Horton,  M.D., 
■''^1£?iI^'y^'Sikl^  (Connor's  Hill,  Cape  Coast  Cattle)  haylso  been 
analysed  by^Mr  1?H  Wanlen,  F.C.S.  ilndian'ledM 
cent' of  ferric  oxide,  and  a  trace  of  ferrous  oxide  ;  the  oi^ga  nc  nm^^^^^^^^ 
The  surface  soil  is  only  eight  inches  thick,       J^^l^^V  f^^^^^^  Se-nie^tio^^^^^  brought 
lilce  burnt  bricks,  probably  containing  more  iron.    The  sampie  a^ 
home  by  Surgeon-Major  J.  Fleming,  K.U.T).-Army  Medical  Rcpoils,  vol.  xiv.  p. 
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7.  In  certain  cases  attacks  of  paroxysmal  fever  have  arisen  from  quite 
localised  conditions  unconnected  with  soil,  which  seem,  however,  to  give  some 
chie  to  the  nature  of  the  process  which  may  go  on  in  malarious  ground. 

FriedeP  mentions  that  in  the  Marine  Hospital  at  Swinemlinde,  near  Stettin, 
a  large  day- ward  was  used  for  convalescents.  As  soon  as  any  man  had  been 
in  this  ward  for  two  or  three  days,  he  got  a  bad  attack  of  tertian  ague.  In 
no  other  ward  did  this  occur,  and  the  origin  of  the  fever  was  a  mystery, 
until,  on  close  inspection,  a  large  rain  cask  full  of  rotten  leaves  and  brushwood 
was  found ;  this  had  overflowed,  and  formed  a  stagnant  roarsh  of  4  to  6 
square  feet  close  to  the  doors  and  windows  of  the  room,  which,  on  account  of 
the  hot  weather,  were  kept  open  at  night.  The  nature  of  the  effluvium  was 
not  determined. 

Dr  Holden^  relates  an  instance  in  which,  on  board  a  ship  at  sea,  eight  cases 
of  ague  occurred  from  the  emanations  of  a  large  quantity  of  mould  which  had 
formed  in  some  closed  store-rooms,  which  were  exposed  to  the  bilge  water.  ^ 


SECTION  11. 
EXAMINATION  OF  SOIL. 

Mechanical  Condition  of  Soil. — The  degree  of  density,  friability,  and 
penetration  by  water  should  be  determined  both  in  the  surface  and  subsoil. 
Deep  holes,  6  to  12  feet,  should  be  dug,  and  water  poured  on  portions  of  the 
soil.  Holes  should  be  dug  after  rain,  and  the  depth  to  which  the  rain  has 
penetrated  observed.  In  this  way  the  amount  of  dryness,  the  water-level, 
and  the  permeability  can  be  easily  ascertained. 

The  surface  or  subsoil  can  also  be  mechanically  analysed  by  taking  a 
weighed  quantity  (100  grammes),  drying  it,  and  then  picking  out  all  ttie 
laTge  stones  and  weighing  them,  passing  through  a  sieve  the  fine  particles,  and 
finally  separating  the  finest  particles  from  the  coarser  by  mixing  with  water, 
allowing  the  denser  particles  to  subside,  and  pouring  off  the  finer  suspended 
particles.  The  weight  of  the  large  stones,  plus  the  weight  of  the  stones  in  the 
sieve  and  of  the  dried  coarser  particles,  deducted  from  the  total  weight,  gives 
the  amount  of  the  finely  divided  substance,  which  is  probably  silicate  of 
aluminum. 

^  Temjoerature.—ThQ  temperature  at  a  depth  of  2  or  3  feet,  at  two  to  four 
o  clock  m  the  afternoon,  would  be  an  important  point  to  determine  in  the 
tropics,  and  also  the  temperature  in  early  morning.  At  present  such  observa- 
tions, though  very  easily  taken,  and  obviously  very  instructive,  are  seldom,  if 
.ever  made,  although  a  commencement  in  that  direction  has  been  made  in  the 
investigations  of  Messrs.  Lewis  and  Cunningham  at  Calcutta  It  might  also 
be  useful  to  take  a  certain  depth  of  soil,  say  6  inches,  and,  placing  a  thermomter 
m  It,  determine  the  height  of  the  thermometer  on  exposure  to  the  sun's  rays 
tor  a  given  time  at  a  certain  hour. 

Chemical  Examination.— The  chemical  constituents  of  soil  are,  of  course 
as  numerous  as  the  elements  j  more  than  500  minerals  have  been  actually 
named.    But  certain  substances  are  very  rare,  and,  for  the  physician,  the 
cniei  constituents  of  soils  are  the  following  substances  or  combinations  •— 
isUica,  alumina,  lime,  iron,  magnesia,  chlorine,  carbonic  acid,  phosphoric  acid, 

Ost.  Asiens,  Berlin,  1863,  p.  338. 
8  s/Tq''""'  '^'>^^nal  of  Med.  Science,  January  1866. 
shiD  at  ptn"''^"''"-^-  ^'^^/''field,  RN.,  recounts  an  outbreak  of  yellow  remittent  fever  on  linar.l 
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nitric  acid.  A  fo.w  simple  tests  are  often  very  useful,  if  we  are  uncertain 
what  kind  of  rock  we  have  to  deal  with.  Few  persons  could  mistaiie  granite, 
trap,  gneiss,  or  rocks  of  tliat  class  ;  or  clay-slate  or  crystalline  limestone. 
But  fine  white  sandstones,  or  freestone,  or  even  fine  millstone  grit,  might  be 
confounded  with  lime  rocks,  or  magnesian  limestone.  A  few  drops  of 
hydrochloric  acid  will  often  settle  the  question,  as  it  causes  effervescence  in 
the  calcium  carbonate  and  magnesian  rocks. ^ 

A  more  complete  examination  should  include  the  following  points  : — 

1.  Percentage  of  Water. — Take  10  grammes  of  a  fair  sample  of  soil,  and 
dry  at  a  heat  of  220°  ;  weigh  again ;  the  difference  is  water  or  volatile 
substance. 

2.  Percentage  of  volatile  matters  {including  loater),  destroyed  hy  indnera- 


1  It  may  be  useful  to  give  (from  Page's  Handbook  of  Geological  Terms)  a  few  composi- 
tions, and  to  define  a  few  of  the  common  mineralogical  words  vised  in  geology. 
Quartz. — Crystallised  silica. 

Felspar.— Siliceb,  alumina  (aluminum  trisilicate),  potash,  or  soda,  and  a  little  lime,  magnesia, 

and  fen-ic  oxide,  crystallised  or  amorphous. 
Mica.— Silica,  alumina,  ferric  oxide  and  potash,  or  magnesia,  or  lime,  or  lithia. 
ChloHte.— Mica.,  but  with  less  silica  and  more  magnesia  and  iron. 
Granite. -^Corn-posed  of  quartz,  felspar,  and  mica. 
St/enite. — Hornblende  instead  of  mica. 
Syenitic  granite.— Quartz,  felspar,  mica,  and  hornblende. 

Gneiss.— Same,  elements  as  granite,  but  the  crystals  of  quartz  and  felspar  are  broken  and 

indistinct.  j   r  -v 

Hornblende  —A  mineral  entering  largely  into  granite  and  trappean  rocks,  composed  ot  silica 
(47  to  60),  magnesia  (14  to  28),  lime  (7  to  14),  with  a  little  alumina,  fluorine,  and  fen-ous 

oxide.  ..-IN 
AugUe.— Like  hornblende,  only  less  silica  (does  not  resist  acids). 

Hypersthene.—Uke,  augite,  only  with  very  little  lime  ;  it  contains  silica,  magnesia,  and  iron  ; 

Hard  granular  crystalline  varieties  of  trap,  felspar,  and  hornblende,  or  felspar 
and  augite. 

^asai!^.— Augite  and  felspar,  olivine,  iron  pyrites,  &c. 

Trap. — Tabular  greenstone  and  basalt.  ^  ^.  ^  ,        tx      •  4. 

Schist.  —A  term  applied  to  the  rocks  mentioned  above,  when  they  are  foliated  or  split  up  mto 

irregular  plates.  i   j  i 

Cte?/-^Zate.— Argillaceous  arenaceous  rocks,  with  more  or  less  marked  cleavage. 
Liniestone.—kW  varieties  of  hard  rocks,  consisting  chiefly  of  calcmm  carbonate 
Oo^iie.— Limestone  made  up  of  small  rounded  grains,  compact  or  crystallme,  like  the  roe  ol 

a  fish. 

Chalk.— So^i  calcium  carbonate.  ,  .  .  4.    ^       u      ^o„„b«;^  frp 

Magnesian  Limestone.-KuY  limestone  contammg  20  per  cent,  of  a  salt  of  magnesia,  Ire- 

quently  not  crystallised. 
'  i°S?-A';LtS^nSt  'rnrSoduUr  r.^..  of  impure  calcium  carbouate. 
''j£"r::^t^:':i^Si^Zl^"^ir.>ni.  of  any  rod:,  chiefly  quarts  ;  si»,  from  a  pea 

-  JM;s  held  together  often  by  lime,  clay,  and  ferric 

Freest^l'-Kuy  rock  which  can  be  cut  readily  by  the  builder  ;  usually  applied  to  sandstone^ 
MilliZe  arU  -SarA  grittv  sandstone  of  the  carboniferous  series  used  for  millstones.  Gnt 

is  the  term  geSeJaUy  used  when  the  particles  are  larger  and  sharper  than  m  ordmary 

sandstone. 

'^i^^;^;^^:^  of  the  chalk  system  in  England ;  sand  coloured  by  chloritous 

iron  silicate. 
Sa;.-rterm  mS,  used  iu  India  to  denote 

t^T^SSS^^  ISjSf  ;tt°er.,,om  and 

i»™r-ffiks  composed  of  «»i,«Iar  (not  waler-woru)  ftagmeuts  (volcanic  breccia,  osseous 
■  SiJ:^^^T;^Z  t'i'Kiyey  or  sandy  formations  with  lamination  ,  it  is  often  cousoli- 
dated  and  hardened  mud. 
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tion. — Take  another  weighed  portion  of  soil  and  incinerate  at  a  full  red  heat; 
recarhonate  with  carbonic  acid  solution,  or  with  ammonium  carbonate  j  heat 
to  expel  excess  of  ammonia ;  dry  and  weigh. 

•  3.  Absorption  of  Water. — Place  the  dried  soil  in  a  still  atmosphere,  on  a 
plate  in  a  thin  layer,  and  reweigh  in  twenty-four  hours ;  the  increase  is  the 
absorbed  Avater.  An  equal  portion  of  pure  sand  should  be  treated  in  the  same 
Vay  as  a  standard.  It  would  be  well  to  note  the  humidity  of  the.  air  at  the 
time. 

4.  Poiver  of  holding  Water. — Thoroughly  wet  100  grammes,  drain  off  water 
as  far  as  possible,  and  weigh;  the  experiment  is,  however,  not  precise.  • 

5.  Substances  taken  wp  by  Water. — This  is  important,  as  indicating  whether 
drinking  water  is  likely  to  become  contaminated.  Eub  thoroughly  10 
.grammes  in  pure  cold  water,  filter  and  test  for  organic  matter  by  chloride  of 
gold,  or  by  evaporation  and  careful  incineration  ;  test  also  for  chlorine, 
sulphuric  acid,  lime,  alumina,  iron,  nitric  acid. 

6.  Substances  taken  up  by  Hydrochloric  Acid. — While  water  takes  up 
alkaline  chlorides  and  sulphates,  nitrates,  &c.,  the  greater  part  of  the  lime, 
magnesia,  and  alumina  are  left  undissolved.  The  quantity  can  be  best 
determined  by  solution  in  pure  hydrochloric  acid. 

"  {a)  To  40  grammes  of  the  soil  add  30  C.C.  of  pure  hydrochloric  acid, 
and  heat;  note  effervescence.  Add  about  100  C.C.  of  water.  Digest  for 
twelve  hours.    Dry  and  weigh  the  undissolved  portion. 

{b)  To  the  acid  solution  add  ammonia.  Alumina  and  oxide  of  iron  are 
thrown  down.    Dry  and  weigh  precipitate. 

(c)  To  the  solution  filtered  from  {b)  add  ammonium  oxalate.  Dry  ;  wash 
and  burn  the  calcium  oxalate.    Weigh  as  carbonate. 

(d)  To  the  solution  filtered  from  (c)  add  sodium  phosphate.  Collect ;  dry 
and  weigh  (100  parts  of  the  precipitate  =  79  parts  of  magnesium  carbonate); 
or  determine  as  pyrophosphate. 

The  portion  insoluble  in  hydrochloric  acid  consists  of  quartz,  clay,  aud  sili- 
cates of  aluminum,  iron,  calcium,  and  magnesium.  If  it  is  wished  to  examine 
it  further,  it  should  be  fused  with  three  times  its  weight  of  sodium  carbonate, 
then  heated  with  dilute  hydrochloric  acid.  The  residue  is  silica.  The  solu- 
tion may  contain  iron,  lime,  magnesia,  and  alumina.    Test  as  above. 

6.  Iron  can  be  determined  by  the  potassium  dichromate,  or  by 

the  permanganate.  As  the  latter  solution  is  used  for  other  purposes,  it  is 
couvenient  to  employ  it  in  this  case. 

Dissolve  10  grammes  of  the  soil  in  pure  hydrochloric  acid  free  from  iron 
by  aid  of  heat. 

Add  a  little  pure  zinc,  and  heat  to  convert  ferric  into  ferrous  salts.  Pour 
off  the  solution  from  the  zinc  that  is  still  undissolved,  and  determine  iron  by 
potassium  permanganate  ;  i.e.,  heat  to  140°  and  then  drop  in  the  solution  of 
permanganate  till  a  permanent  but  slightly  pink  colour  is  given.  1  C.C.  =  07 
milligramme  of  pure  iron."^  ° 
^  Microscopic  Examination.— KiiQixMon  must  now  be  paid  to  this,  although 
it  has  not  hitherto  been  much  studied.  Bacteria  of  various  kinds  have  been 
found,  and  they  have  been  observed  to  be  more  numerous  in  the  most 
impure  and  unhealthy  soils,  as  might  have  been  anticipated.  Some  forms 
however,  are  beneficial,  as  it  is  under  their  influence  that  the  oxidation 
(nitrification)  of  nitrogenous  organic  matter  is  carried  on.  Either  samples 
,  ^'^'^  ^®  examined,  or  the  air  may  be  drawn  out  of  the  soil 

at  ditterent  depths  by  means  of  an  aspirator. 

1  See  Appendix  A. 
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SECTION  III. 

METHOD  OF  EXAMINING  A  LOCALITY  FOR  MILITARY  PURPOSES. 

A  place  should  be  seen  at  all  times  of  the  year,  in  the  wet  as  well  as  in  the 
dry  seasons,  in  the  autumn  and  winter  as  well  as  in  the  spring,  and  at  night 
as  well  as  by  day.    The  following  order  will  be  found  a  convenient  one  : — 

1.  Conformation. — Height  above  sea-level  and  elevation  of  hills  above  the 
plain.  (Determine  by  mercurial  barometer  or  aneroid,  or,  if  possible,  get  tlie 
heights  from  an  engineer.)  Angle  of  declivity  of  hills  ;  amount  of  hill  and 
plain ;  number,  course,  and  characters  of  valleys  and  ravines  in  hills  ;  dip  of 
strata ;  geological  formation ;  watersheds  and  courses ;  exposure  to  winds  ; 
situation,  amount  and  character  of  winds  ;  sunlight,  amount  and  duration  ; 
rain,  amount  and  frequency  ;  dust. 

2.  Composition. — Mineralogical  characters.  Presence  of  animal  or  vege- 
table substances ;  amount  and  characters. 

3.  Covering  of  soil  by  trees,  brushwood,  grass,  &c. 

4.  Points  for  special  Examination. — Amount  of  air ;  of  moisture.  Height 
of  subsoil  water,  at  the  wettest  and  driest  seasons.  Changes  in  level,  and 
rapidity  of  change  of  subsoil  or  ground  water.  Condition  of  vegetable  con- 
stituents ;  examination  of  substances  taken  up  by  water,  &c. 

Such  a  complete  examination  demands  time  and  apparatus,  but  it  is  quite 
necessary. 

A  fair  opinion  can  then  be  formed ;  but  if  a  large  permanent  station  is  to 
be  erected,  it  is  always  desirable  to  recommend  that  a  temporary  station 
should  be  put  up  for  a  year,  and  an  intelligent  officer  should  be  selected  to 
observe  the  effect  on  health,  to  take  meteorological  observations,  and  to 
examine  the  water  at  different  times  of  the  year.  Sometimes  a  spot  more 
eligible  than  that  originally  chosen  may  be  found  within  a  short  distance,  and 
the  officer  should  be  instructed  to  keep  this  point  in  view. 

The  medical  officer  has  nothing  to  do  with  military  considerations  or  ques- 
tions of  supply,  but  if  he  is  able  to  suggest  anything  for  the  information  of 
the  authorities,  he  should  of  course  do  so. 

The  opinion  of  Lind,  whose  large  experience  probably  surpassed  that  of  his 
contemporaries,  and  of  our  own  time,  should  be  remembered  : — "  The  most 
healthy  countries  in  the  world  contain  spots  of  ground  where  strangers  are 
subject  to  sickness.  There  is  hardly  to  be  found  any  large  extent  of 
continent,  or  even  any  j^island,  that  does  not  contain  some  places  where 
Europeans  may  enjoy  an  uninterrupted  state  of  health  during  all  seasons 
of  the  year."  ^ 

In  choosing  a  site  for  a  temporary  camp,  so  elaborate  an  examination  is  not 
possible.  But  as  far  as  possible  the  same  rules  should  be  attended  to.  There 
is,  however,  one  difference — in  a  permanent  station  water  can  be  brought  from 
some  distance ;  in  a  temporary  station  the  water  supply  must  be  near  at  hand, 
and  something  must  be  given  up  for  this.^  The  banks  of  rivers,  if  not 
marshy,  may  be  chosen,  care  being  taken  to  assign  proper  spots  for  watering, 
washing,  &c.  A  river  with  marshy  banks  must  never  be  chosen  in  any 
climate"  except  for  the  most  imperative  military  reasons ;  it  is  better  to  have 
the  extra  labour  of  carrying  water  from  a  distance. 

A  site  under  trees  is  good  in  hot  countries,  but  brushwood  must  be 
avoided. 


1  Lind,  Diseases  of  Europeans  in  Hoi  Climates,  4tli  edition,  p.  200. 

2  See  remarks  on  this  point,  in  the  Regulations  and  Instructions  for  Encampments,  y>. 
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SECTION  IV. 

PREPARATION  OF  SITE  FOR  MILITARY  PURPOSES. 

In  any  locality  intended  to  be  permanently  used,  the  ground  should  be 
drained  with  pipe  drains.  Even  in  the  driest  of  the  loose  soils  this  is  desir- 
able, especiaUy  in  hot  climates,  where  the  rainfall  is  heavy  In  impermeable 
rocky  districts  it  is  less  necessary.  The  size,  depth,  and  distance  of  the  drains, 
will  be  for  the  engineer  to  determine ;  but  generally  deep  drains  (4  to  8  leet 
in  depth,  and  12  to  18  feet  apart)  are  the  best.  If  there  is  no  good  fall,  it 
has  been  proposed  to  drain  into  deep  pits  ;  but  usually  an  engineer  will  get  a 
fall  without  such  an  expedient.  A  good  outfall,  however,  should  be  a  point 
always  looked  to  in  choosing  a  station.  These  drains  are  intended  to  cany 
off  subsoil  water,  and  not  surface  water.  This  latter  should  be  provided  for 
by  shallow  drains  along  the  natural  outfalls  and  valleys.  As  far  as  drainage 
is  concerned,  we  have  then  to  provide  for  mere  surface  water,  and  for  the 
"Water  which  passes  below  the  surface  iiito  the  soil  and  subsoil. 

Brushwood  should  usually  be  cleared  away,  but  trees  left  until  time  is 
given  for  consideration.  In  clearing  away  brushwood,  the  ground  in  the 
tropics  should  be  disturbed  as  little  as  possible;  and  if  it  can  be  done,  all 
cleared  spots  should  be  soon  sown  with  grass.  Brushwood  should  not  be 
removed  from  a  marsh. 

In  erecting  the  buildings,  the  ground  should  be  excavaited  as  little 
as  possible ;  in  the  tropics  especially  hills  should  never  be  cut  away.  The 
surface  should  be  levelled,  holes  filled  in,  and  those  portions  of  the  surface,  on 
which  rain  can  fall  from  buildings,  well  paved,  with  good  side  gutters.  This 
is  especially  necessary  in  the  tropics,  where  it  is  of  importance  to  prevent  the 
ground  under  buildings  from  becoming  damp ;  but  the  same  principles  apply 
everywhere. 

In  a  temporary  camp  so  much  cannot  be  done ;  but  even  here  it  is  desirable 
to  trench  and  drain  as  much  as  possible.  It  not  unfrequently  happens  in  war 
.that  a  camp  intended  to  stand  for  two  or  three  days  is  kept  up  for  two  or  three 
weeks,  or  even  months.  As  soon  as  it  is  clear  that  the  occupation  is  to  be  at 
all  prolonged,  the  same  plans  should  be  adopted  as  in  permanent  stations. 

The  great  point  is  to  carry  off  water  rapidly,  and  it  is  astonishing  what  a  few 
well-planned  surface  drains  will  do. 

The  rules  for  improving  the  healthiness  of  a  site  may  be  thus  summarised: — 

1.  Drain  subsoil  and  lower  the  level  of  the  ground  water. 

2.  Pave  under  houses,  so  as  to  prevent  the  air  from  rising  from  the  ground. 

3.  Pave  or  cover  with  short  grass  all  ground  near  buildings  in  malarious 
districts. 

4.  Keep  the  soil  from  the  penetration  of  impurities  of  all  kinds  by  proper 
arrangements  for  carrying  away  rain,  surface,  and  house  water  and  house  im- 
purities. 


CHAPTER  IX. 


HABITATIONS. 

W.iOEVEB  coasiders  carefully  the  record  of  the  mediaeval  epidemics,  and 
seeks  to  interpret  them  by  our  present  knowledge  of  the  causes  of  disease,  will 
surely  become  convinced  that  one  great  reason  why  those  epidemics  were  so 
frequent  and  so  fatal  was  the  compression  of  the  population  in  faulty  habita- 
tions. Ill-contrived  and  closely  packed  houses,  with  narrow  streets,  often 
made  winding  for  the  purpose  of  defence ;  a  very  poor  supply  of  water,  and 
therefore  a  universal  uncleanliness  ;  a  want  of  all  appliances  for  the  removal 
of  excreta ;  a  population  of  rude,  careless,  and  gross  habits,  living  often  on 
innutritions  food,  and  frequently  exposed  to  famine  from  their  imperfect 
system  of  tillage, — such  were  the  conditions  which  almost  throughout  the 
whole  of  Europe  enabled  diseases  to  attain  a  range,  and  to  display  a  virulence, 
of  which  we  have  now  scarcely  a  conception.  The  more  these  matters  are 
examined,  the  more  shall  we  be  convinced  that  we  must  look,  not  to 
grand  cosmical  conditions ;  not  to  earthquakes,  comets,  or  mysterious  waves 
of  an  unseen  and  poisonous  air  ;  not  to  recondite  epidemic  constitutions,  but 
to  simple,  familiar,  and  household  conditions,  to  explain  the  spread  andfatahty 
of  the  mediaeval  plagues. 

SECTION  L 


GENERAL  CONDITIONS  OF  HEALTH. 

The  diseases  arising  from  faulty  habitations  are  in  great  measure  perhaps 
entirely,  the  diseases  of  impure  air.  The  site  may  be  m  fault ;  and  from  a 
moist  and  malarious  soil  excess  of  water  and  organic  emanations  may  pass  into 
the  house.  Or  ventilation  may  be  imperfect,  and  the  exhalations  of  a  crowded 
population  may  accumulate  and  putrefy  ;  or  the  excretions  may  be  allowed  to 
remain  in  or  near  the  house ;  or  a  general  uncleanliness,  from  want  of  water, 
may  cause  a  persistent  contamination  of  the  air.  And,  on  the  contrary,  these 
five  conditions  insure  healthy  habitations  :— 

1.  A  site  dry  and  not  malarious,  and  an  aspect  which  gives  light  and 

cheerfulness.  „       .   ,      .  ... 

2   A  system  of  ventilation  which  carries  off  all  respiratory  impurities. 
S"  A  svstem  of  immediate  and  perfect  sewage  removal,  which  shall  ren- 
der it  impossible  that  the  air  shall  be  contaminated  from  excreta. 
4    ^  pure  supply  and  proper  removal  of  water  ;  by  means  of  which  pre- 

*  ^  feet  cleanliness  of  all  parts  of  the  house  can  be  insured 
5.  A  condition  of  house  construction  which  shall  insure  perfect  dryness 
of  the  foundation,  walls,  and  roof. 
In  other  words,  perfect  purity  and  cleanliness  of  the  . J^^^^^^ 

be  attained.  This  is  the  fundamental  and  paramount  ^o^^^/J  °^f ,  ^f^^J  ^ 
habitations  ;  and  it  must  over-ride  all  other  conditions.  Af  er  it  has  been 
attained,  the  architect  must  engraft  on  it  the  other  conditions  of  comfort,  con 

veuience,  and  beauty.  ,    ■,    .  £  l        ^r,  "Rnfrlmirl 

The  inquiries  wWch  have  been  made  for  the  last  forty  years  in  England 
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have  shown  how  badly  the  poorer  classes  are  lodged,  both  in  _town  and 
country,  and  how  urgent  is  the  necessity  for  improvement.  Various  Acts 
have  been  passed  for  the  purpose  of  improving  labourers  cottages  and  othei 
small  dwellings,  but  either  from  the  powers  being  insufficient,  or  from  the 
difficulty  of  proving  that  a  dwelling  is  injurious  to  health  unless  it  is  m 
extremely  bad  condition,  these  Acts  have  had  only  partial  effect. 

Up  to  a  certain  point,  there  is  no  difficulty  in  insuring  that  a  small  house 
shall  be  as  healthy  as  a  large  one.  The  site  and  foundations  can  be  made 
as  dry  the  drains  as  well  arranged,  the  walls  and  roofs  as  sound,  and  the 
water  supply  ^as  good  as  a  house  of  much  larger  rental.  In  fact,  m  one 
respect,  the  houses  of  the  poor  are  often  superior  to  those  of  the  rich,  for  the 
sewers  do  not  open  directly  into  the  houses,  and  sewer  air  is  not  breathed 
during  the  night.  But  the  difficulty  in  the  houses  of  the  poor  is  the  over- 
crowding, and  the  impregnation  of  the  walls  with  foul  effluvia  and  deposits. 
Considerations  of  cost  will  probably  always  prevent  our  poor  class  of  houses 
from  having  sufficient  floor  and  cubic  space.  These  two  special  difiiculties 
must  be  met  by  improved  means  of  warming  and  ventilation,  and  by  covering 
the  interior  walls  with  a  cement  which  is  non-absorbent,  and  which  can  be 
washed.  Perhaps,  also,  improvements  in  using  concrete,  or  other  plans,  will 
eventually  so  lessen  the  cost  of  building  that  larger  rooms  can  be  given  for 
the  same  rental,  and  the  poor  be  taught  to  prize  the  boon  of  an  abundant 
allowance  of  air,  and  not  seek  to  lessen  it  by  crowding  and  underletting. 

Dryness  of  the  foundation  and  walls  of  a  house  is  secured  by  draining  the 
subsoil,  4  to  9  feet  below  the  foundation,^  and,  in  very  wet  clay  soil,  by 
paving  or  cementing  under  the  entire  house.^  The  walls  are  kept  dry  by 
being  imbedded  in  concrete,  which  is  brought  up  to  the  ground  level,  or  by 
the  insertion  in  the  walls  themselves  of  a  waterproof  course  of  slate,  asphalt,  or, 
what  is  better,  of  ventilating  vitrified  thin  bricks  (as  devised  by  Mr.  Taylor). 

On  wet  damp  soils,  when  a  house  has  no  cellar,  the  flooring  ought  to  be 
raised  2  feet  above  the  ground,  and  the  space  below  should  be  well  ventilated. 
In  the  tropics,  the  houses  are  often  raised  on  arches  3  to  5  feet  above  the 
ground.  If  this  plan  were  universal,  it  would  vastly  improve  the  health  of 
.the  community.  Dryness  of  walls  is  best  secured  by  hollow  walls,*  or  coat- 
ing the  walls  with  cement,  which  is  kept  painted,  or  with  slates.  Terra- 
cotta slabs  have  been  used,  and  liquid  preparations  (chiefly  alkaline  silicates) 
have  been  brushed  over  the  surface  of  brick  and  stone.  Bricks  are  often 
extremely  porous,^  and  a  brick  wall  will  absorb  many  gallons  of  water. 

Dryness  of  the  roof  should  be  carefully  looked  to  in  every  case,  as  water 
often  gets  to  the  walls  through  a  bad  roof,  and  the  whole  house  becomes  damp. 

The  condition  of  the  basements  or  cellars,  if  they  exist,  requires  attention, 
as  the  air  of  the  house  is  often  drawn  directly  from  them.    They  should 

1  Laboicring  Classes  Dwelling-house  Act,  1866  y  An  Act  to  provide  better  Dwellings  for 
Artisans  and  Labourers,  1868  ;  Artisans  Dwellings  Act,  1875  ;  various  clauses  in  the  dilferent 
Public  Health  Acts. 

-  Even  the  walls  of  old  ricketty  cottages  may  be  thoroughly  dried  by  this  means  (Rogers 
Field). 

•  '  For  a  good  diagram  of  a  plan  for  avoiding  damp,  see  Bailey  Denton's  Sanitary  Engineer- 
ing,  plate  i.  p. 

•  *  Jenning's  patent  Bonding  Brick  is  a  good  plan  for  preventing  moisture  penetrating  from 
the  outer  to  the  inner  skin  of  a  hollow  wall.  It  is  a  hollow,  vitrified  brick,  curved  upwards  at 
an  angle  of  45°,  so  that  no  water  can  pass  along  it. 

*  An  ordinary  brick  will  hold  about  16  oz.  of  water. 

f  Bricks  imperfectly  burned  on  the  outside  of  the  kiln  are  termed  Place,  or  Samel,  or  Sandel 
■bricks.    They  absorb  much  water.    The  sun-dried  bricks  of  India  are  very  damp,  and  absorb 
water  from  the  air.    Many  sandstones  are  very  porous  ;  water  beats  into  them  and  rises  high 
by  capillary  attraction.    Lime  made  from  chalk  absorbs  water.    Pise  is  compressed  earth 
and,  unless  covered  with  cement,  is  moist.  * 
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Tae  dry,  and  thoroughly  well  ventilated,  and  the  house  pipes,  if  they  run 
down  to  the  basement,  should  be  always  uncovered  so  as  to  be  easily 
inspected,  and  any  bad-fitting  joint,  or  crack,  or  imperfect  trap,  if  there  be 
one  inside  the  house,  be  at  once  remedied. 

The  carrying  off  of  rain  water,  so  as  not  to  sink  into  the  ground  near  the 
house,  is  a  matter  of  importance. 

The  other  points  which  are  necessary  to  secure  a  healthy  house  are  dis- 
cussed in  their  respective  chapters. 

In  examining  a  house  to  discover  the  sources  of  unhealthiness,  it  is  best  to 
begin  at  the  foundation,  and  to  consider  first  the  site  and  basements,  then  the 
living  and  sleeping  rooms  (as  to  size,  cubic  contents,  and  number  of  persons, 
and  condition  of  walls  and  floors),  ventilation,  water  supply,  and  plans  of 
waste  and  seiver-water  removal,  in  regular  order. 

The  following  memorandum  as  to  the  way  in  which  engineers  examine  a 
house  has  been  kindly  furnished  by  Mr.  William  Eassie,  C.E.  - 

MEMORANDUM. 

W7mt  is  usually  done  hy  Sanitary  Engineers  wTten  iivspeding  a  House. 

Sanitary  engineers  consider  that  an  unusual  smell  is  generally  the  first  evidence  of 
something  wrong,  and  that,  traced  to  its  source,  the  evil  is  half  cured.    They  inspect  first 
the  drainage  arrangements.    If  the  basement  generally  smells  offensively,  they  search  for 
a  leaking  drain-pipe,  i.e.,  a  pipe  badly  jointed  or  broken  by  settlement,  and  these  wil 
often  show  themselves  by  a  dampness  of  the  paving  around.    If,  upon  mquiry,  "  turns 
out  that  rats  are  often  seen,  they  come  to  the  conclusion  that  the  house  dram  is  m  direct 
communication  with  the  sewer,  or  some  old  brick  barrel-drain,  and  therefore  examine 
the  traps  and  lead  bends  which  join  the  drain-pipes  to  see  if  they  are  gnawed  or  laulty. 
If  the  smell  arises  from  any  particular  sink  or  trap,  it  is  plain  to  them  that  there  is  no 
ventilation  of  the  drain,  and  more  especially  no  disconnection  between  the  house  and 
the  sewer,  or  no  flap-trap  at  the  house-drain  delivery  into  the  sewer.    If  a  country  house 
■be  under  examination,  a  smell  at  the  sink  will,  in  nearly  every  case,  be  traced  to  an 
unventilated  cesspool  ;  and,  in  opening  up  the  drain  under  the  sink,  m  such  a  state  of 
things,  they  will  take  care  that  a  candle  is  not  brought  near,  so  as  to  cause  an  explosion. 
If  the  trap  is  full  of  foul  black  water,  impregnated  with  sewer  air,  ^1^7  P^^^ly  u^^^^^^^ 
for  the  smell  bv  the  neglect  of  flushing.    If  the  sink,  and  kitchen,  and  scullery  wa.stes 
are  S  go"d  ordL  and  th^e  smell  is  still  Observable  they  search  the  otl^er  cellar  rooms  and 
frenueStly  find  an  old  floor-trap  without  water,  broken  and  open  to  the  dram     It  tiie 
Sll  ammoniacal  in  charact'er,  they  trace  the  ^^able-drains  and  see  if  they  ^^^^^^ 
the  same  r.it  and  if  so,  argue  a  weak  pipe  on  the  route,  especially  if,  as  in  some  London 
mansrns,^lhe  stabL  imn  from  the  mews  at  the  back,  through  the  house  to  the 

^Tho'uld'a  Tad  persistent  smell  be  complained  of  mostly  in  the  bedroom  Aoor.  they  seek 
foi  an  untrapped  or  defective  closet,  a  burst  soil-pipe,  a  bad  junction  between  the 

if  the  safe  underneath  the  apparatus  be  full  o  any  liquid  ™     in  ord'niry  use 

thev  conclude  that  it  has  arisen  when  the  closet  hand  e  has  been  bf  ted  m  ^'Ji^^^J  " 
or  t'o  emprslops,  and  satisfy  themselves  that  the  ^^^^  W  ^^^^^a  W 
over,  examine  the  bath  and  lavatory  waste-pipes,  if  ^j^^fX^^^t  3^  to  the 

by  a  sigmoidal  bend,  wheth-JJ^  "^^^  t^a  e^  auThls^^^^^^^^^^^^  down  to 

Sfs:;et  —  ifteV^r^^^^^^^  the  closet-trap,  or  a  rain  water- 

pipe  in  connection  with  the  sewei.  4.1  „  „++,Vq  nTid  as  thev  consider,  scarcely 

If  the  smell  be  perceived  for  the  most  part  m  tlie  attics  and  as  f^ej  cons  ae 

attributable  to  any  of  the  foregoing  evils,  they  blowing 
pipes  which  terminate  in  the  gutt^ig  -  sol%  act-g  as^dmn  -nUM      ^_  ^^^^.^ 
into  the  dormer  windows,     iney  wui  aiso  cxdmuic  "  ,  - 

any  in  the  other  portions  of  the  attics  as  very  often  t^^^J. ^^^f ^o  dS  1^^^   the  smell 
A  slight  escape  of  impure  air  from  the  drams  "^^^  ^^^^ J^/^^J^^^^  from  a 

may  be  attributed  to  want  of  ventilation,  or  a  complication  of  "^'J^eis  ma  a^^^^ 
slight  escape  of  gas.    Neither  arc  all  dangerous  smells  of  a  foul  natuie,  as  tneie  is 
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sweet  smell  which  is  even  worse.  Shou  d  the  drains  and  doubtful  places  have  been  pre- 
viously treated  by  the  inmates  to  strongly  smel  mg  dismfectants  or  the  vermin  killed  by 
poison,  the  inspectors  of  nuisances  will  find  it  difhcu  t  to  separate  the  smells^  In  such  a  case 
however,  they  will  examine  the  state  of  the  ground  under  the  basement  ilooring  and  teel 
certain  that  there  are  no  disused  cesspools  or  any  sewage  saturation  0/  any  sort.  Phey 
will  also  ascertain  if  there  be  any  stoppage  m  the  dram-pipes  by  taking  up  a  yai;cl  trap 
in  the  line  of  the  drain  march,  and  noting  the  reappearance  of  the  lime  water  which  they 
had  thrown  down  the  sinks.  And  invariably  after  effecting  a  cure  for  any  evil  w'liich 
lias  been  discovered,  they  will  leave  the  traps  cleaned  out  and  the  drains  well  flushed. 

A  thorouc'hly  drained  house  has  always  a  disconnection  chamber  placed  between  the 
house  draiirand  the  sewer  or  other  outfall.  This  chamber  is  formed  of  a  raking  syphon, 
and  about  two  feet  of  open  channel  pipe,  built  around  by  brickwork,  and  covered  by  an 
iron  man-hole.  Fresh  air  is  taken  into  this  chamber  by  an  open  grating  m  the  man- 
hole or  by  an  underground  pipe,  and  the  air  thus  constantly  taken  into  the  chamber 
courses  along  inside  the  drain,  and  is  as  continuously  discharged  at  the  ventilated  con- 
tinuations of  the  soil-pipes,  which  are  left  untrapped  at  the  foot,  or  at  special  ventilating 
pipes  at  each  end  of  the  drain.    This  air  current  in  the  drain  prevents  all  stagnation 

•and  smell.  ^    t  n  •  ^  ^ 

"When  a  house  is  undergoing  examination,  it  is  wise  to  test  for  lighting  gas  leakages, 
and  there  is  only  one  scientific  method  of  doing  so,  which  is  as  follows  :— Every  burner 
is  plugged  up,  save  one,  and  to  that  is  attached  a  tube  in  connection  with  an  air  force- 
pump  and  gauge— the  meter  having  been  previously  disconnected.  Air  is  then  pumped 
into  the  whole  system  of  pipes,  and  the  stop-cock  turned,  and  if,  after  working  the 
pump  for  some  time,  and  stopping  it,  the  gauge  shows  no  signs  of  sinking,  the  pipes 
may  be  taken  as  in  safe  condition  ;  but  if  the  mercury  in  the  gauge  falls,  owing  to  the 
■escape  of  air  from  the  gas-tubes,  there  is  a  leak  in  them,  which  is  discoverable  by  pour- 
ing a  little  ether  into  the  pipe  close  by  the  gauge,  and  recommencing  pumping.  Very 
minute  holes  can  be  detected  by  lathering  the  pipes  with  soap  and  water,  and  making 
use  of  the  pump  to  create  soap  bubbles. 

Besides  the  drainage,  they  will,  especially  if  they  detect  a  bad  and  dank  smell,  see  if 
it  arises  from  the  want  of  a  damp-proof  course  or  of  a  dry  area,  see  if  there  be  a  Avet  soil 
under  the  basement  floor,  a  faulty  pipe  inside  the  wall,  an  unsound  leaden  gutter  on  the 
top  of  the  wall,  or  an  overflowing  box  gutter  in  the  roof,  a  leaky  slatage,  a  porous  wall, 
a  wall  too  thin,  and  so  on. 

They  will  also  keep  an  eye  upon  the  condition  of  the  ventilating  arrangements,  and 
whether  the  evils  complained  of  are  not  mainly  due  to  defects  there.  The  immediate 
surroundings  of  the  house  will  also  be  noted,  and  any  nuisances  estimated. 

Sanitary  inspectors,  whilst  examining  into  the  condition  of  the  drains,  always  examine 
the  water  cisterns  at  the  same  time,  and  discover  whether  the  cistern  which  yields  the 
drinking  water  supplies  as  well  the  flushing  water  of  the  closets.  They  will  also  ascertan 
if  the  overflow  pipe  of  this  cistern,  or  of  a  separate  drinking  water  cistern,  passes  directly 
into  the  drain. 

If  the  overflow  pipe  be  syphon-trapped  and  the  water  rarely  changed  in  the  trap,  or 
■only  when  the  ball-cock  is  out  of  order,  they  will  point  out  the  fallacy  of  such  trappiug; 
and,  speaking  of  traps  generally,  they  will  look  suspiciously  on  every  one  of  them, 
endeavour  to  render  them  supererogatory  by  a  thorough  ventilation  and  disconnection  of 
the  drains.^ 

SECTION  II. 
HOSPITALS. 

General  Romarhs. 

Of  late  years  a  great  number  of  works  (English,  French^  German,  and 
American)  have  been  written  on  the  construction  of  hospitals.  This  has  been 
■especially  owing  to  the  celebrated  Notes  on  Hospitals,  published  by  Miss 
^Nightingale,  after  the  Crimean  war — a  work  the  importance  of  which  it  is 
impossible  to  over-rate — and  to  the  very  useful  pamphlets  of  Mr.  Eoberton  of 
Manchester.  Among  military  writers,  Kobert  Jackson  in  this,  as  in  all 
•other  points,  takes  the  first  rank,  and  his  observations  on  the  construction  of 
hospitals  are  conceived  entirely  in  the  spirit  of  the  best  writings  of  the 

,  1  Much  usefurinformation  will  also  be  obtained  from  Sanitary  Arrangements  for  Dwellings 
°y      Eassie,  C.E.,  and  from  Sanitary  Engineering,  by  J.  Bailey  Denton  C.E.    See  also 
jjie  Habitation  in  Relation  to  Health,  by  P.  de  Chaumont,  Clrristian  Knowledge  series  •  Our 
-Homes,  and  how  to  keep  them  Healthy,  Cassell,  Petter,  and  Galpin.  ' 
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present  day.  In  the  short  space  which  can  be  given  to  the  subject  here,  we 
can  merely  condense  what  has  been  best  said  on  the  subject,  as  apphed 
especially  to  military  hospitals.^  lu  the  first  place,  however,  a  few  words  are 
necessary  on  the  general  question. 

Although  the  establishment  of  hospitals  is  a  necessity,  and  marks  the  era 
of  an  advanced  civilisation,  it  must  always  be  remembered  that  if  the  crowd- 
ing of  healthy  men  has  its  danger,  the  bringing  together  within  a  confined  area 
many  sick  persons  is  far  more  perilous.    The  risks  of  contamination  of  the 
air,  and  of  impregnation  of  the  materials  of  the  building  with  morbid  sub- 
stances, are  so  greatly  increased,  that  the  greatest  care  is  necessary  that 
hospitals  shall  not  become  pest-houses,  and  do  more  harm  than  good.  We 
must  always  remember,  indeed,  that  a  number  of  sick  persons  are  merely 
brought  together  in  order  that  medical  attendance  and  nursing  may  be  more 
easily  and  perfectly  performed.    The  risks  of  aggregation  are  encountered 
for  this  reason ;  otherwise  it  would  be  far  better  that  sick  persons  should  be 
separately  treated,  and  that  there  should  be  no  chance  that  the  rapidly  chang- 
ing, and  in  many  instances  putrefying  substances  of  one  sick  body  should  pass 
into  the  bodies  of  the  neighbouring  patients.    There  is,  indeed,  a  continual 
sacrifice  of  life  from  diseases  caught  in,  or  aggravated  by  hospitals.    The  many 
advantages  of  hospitals  more  than  counterbalance  this  sacrifice,  but  it  should 
be  the  first  object  to  lessen  the  chance  of  injury  to  the  utmost.    Tbe  risk  of 
transference  or  aggravation  of  disease  is  least  in  the  best  ventilated  hospitals. 
A  great  supply  of  air,  by  immediately  diluting  and  rapidly  carrying  away  the 
morbid  substances  evolved  in  such  quantities  from  the  bodies  and  excretions 
of  the  sick,  reduces  the  risk  to  its  minimum,  and  perhaps  removes  it 
altogether.    But  the  supply  of  air  must  be  enormous ;  there  must  be  a  mini- 
mum of  not  less  than  4000  cubic  feet  per  head  per  hour  for  ordinary  cases  ; 
and  the  supply  must  be  practically  unlimited  for  the  acute  and  febrile  diseases. 
The  causes  of  the  greater  contamination  of  the  air  of  hospitals  are  these  : — 

1.  More  organic  effluvia  are  given  off  from  the  bodies  and  excretions  of  sick 
men.    These  are  only  removed  by  the  most  complete  ventilation. 

2.  The  medical 'and  surgical  management  of  the  sick  necessarily  often 
exposes  to  the  air  excretions,  dressings,  foul  poultices,  soiled  clothes,  &c.,  and 
the  amount  of  substances  thus  added  to  the  air  is  by  no  means  inconsiderable, 
even  with  the  best  management. 

3.  The  walls  and  floors  of  hospitals  absorb  organic  matters  and  retam  them' 
obstinately,  so  that  in  some  cases  of  repeated  attacks  of  hospital  gangrene  in  a 
Avard  it  has  been  found  necessary  to  destroy  even  the  whole  wall.  Contmual 
drippincrs  on  the  floor  of  substances  which  soak  into  the  boards  and  through 
crevicest  and  collect  under  the  floor,  also  occur,  and  thus  collections  exist  of 
putrefying  matters  which  constantly  contaminate  the  air. 

4.  The  bedding  and  furniture  also  absorb  organic  substances,  and  are  a 
great  cause  of  insalubrity.  j     •  i 

5.  Till  very  recently,  even  in  the  best  hospitals,  the  water-closets  and  unnals 
were  badly  arranged,  and  air  passed  from  these  places  into  the  wards. 

In  addition  to  the  necessary  amount  to  dilute  and  remove  these  substances, 
the  freest  supply  of  air  is  also  now  known  to  be  a  curative  means  of  the 

»  For  fuller  details,  Captain  Galtoii's  work  on  Hospitals  should  be  consulted  See  also 
Five  Essays  on  Hospital  Plans,  contributed  for  the  Johns  Hopkins  Hospital  Sche,ne  (^ood 
and  Co,  New  York)  -Report  on  the  Manchester  Royal  Iiifirvmry,  by  J  Netteu  l^adcliffe  E.q.  , 
Reports  on  Man/ s  Hospital,  Paddinc/ton,  by  F.  de  Chauraout  M  D.  ;  chapter  in  ^^^^^^^^^^^ 
and  Lex,  Milit.  Gesundheitspflege  ;  paper  in  the  7Vac^ifco«er  March  18/7 ;  article  Hosp  ta 
Encyclopcalia  Britannica,  %i\x  edition  ;  Pas  Allganeine  Krankenhans  der  stadt  BeiUn  m 
Friedrichshain,  von  A.  Hagemeyer,  Berlin,  1879. 
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highest  moment;  in  the  cases  of  the  febrile  diseases,  both  specific  and 
symptomatic,  it  is  indeed  the  first  essential  of  treatment ;  sometimes,  especially 
in  typhus  and  smallpox,  it  even  lessens  duration,  and  in  many  cases  it  renders 

convalescence  shorter. ^  _  ,        ,     ^  . 

There  can  be  no  doubt,  that  the  necessity  for  an  unlmiited  supply  of  air 
is  the  cardinal  consideration  in  the  erection  of  hospitals,  and,  in  fact,  must 
govern  the  construction  of  the  buildings.  For  many  diseases,  especially  the 
acute  the  merest  hovels  with  plenty  of  air  are  better  than  the  most  costly 
hospitals  without  it.  It  is  ill-judged  humanity  to  overcrowd  febrile 
patients  into  a  building,  merely  because  it  is  called  a  hospital,  when  the  very 
fact  of  the  overcrowding  lessens  or  even  destroys  its  usefulness.  In  times  of 
war,  it  should  never  be  forgotten  by  medical  officers  that  the  rudest  shed,  the 
slightest  covering,  which  will  protect  from  the  weather,  is  better  than  the  easy 
plan  so  often  suggested  and  acted  on,  of  putting  the  beds  a  little  closer 
together. 

The  recognition  that  the  ample  supply  of  pure  air  is  the  first  essential  of  a 
good  hospital,  led  Miss  Nightingale  to  advocate  with  so  much  energy  and 
success  the  view  which  may  be  embodied  in  the  two  following  rules  : — 

1.  The  sick  should  be  distributed  over  as  large  an  area  as  possible,  and  each- 
sick  man  should  be  as  far  removed  as  possible  from  his  neighbour. 

2.  The  sick  sh'ould  be  placed  in  small  detached  and  perfectly  ventilated 
buildings,  so  that  there  should  be  no  great  number  of  persons  in  one  build- 
ing, and  no  possibility  of  the  polluted  air  of  one  ward  passing  into  another. 

How  is  this  perfect  Purity  of  Air  to  he  secured? 

This  is  a  matter  partly  of  construction,  partly  of  superintendence. 

(a)  There  should  be  detached  buildings,  so  disposed  as  to  get  the  freest  air 
and  the  greatest  light.  They  should  be  at  considerable  distances  apart,  so  that 
1000  sick  should  be  spread  like  a  village ;  and  in  the  wards  each  man  ought 
to  have  not  less  than  100,  if  possible  120,  feet  of  superficial,  and  from  1500 
to  2000  feet  of  cubic  space.  With  detached  buildings,  the  size  of  a 
hospital,  as  pointed  out  by  Miss  Nightingale,  is  dependent  merely  on  the 
facility  of  administration.  "When  the  hospitals  consist  of  a  single  building 
the  smallest  hospitals  are  the  best. 

(&)  The  ventilation  should  be  natural,  i.e.,  dependent  on  the  movement  of 
the  outer  air,  and  on  inequalities  of  weight  of  the  external  and  internal  air 
The  reason  of  this  is,  that  a  much  more  efficient  ventilation  can  be  obtained 
at  a  cheaper  cost  than  by  any  artificial  means.  Also,  by  means  of  open  doors 
and  windows,  we  can  obtain  at  any  moment  any  amount  of  ventilation  in  a 
special  ward,  whereas  local  alterations  of  this  kind  are  not  possible  in  any 
artificial  system.  The  amount  of  air,  also,  which  any  artificial  system  can 
cheaply  give  is  comparatively  limited.  The  amount  of  air  should  be  restricted 
only  by  the  necessity  of  not  allowing  its  movement  to  be  too  perceptible. 

The  best  arrangements  for  natural  ventilation  for  hospitals  appear  to  be 
these — \st.  Opposite  windows  reaching  nearly  to  the  ceiling,  on  the  sides  of 
a  ward  (not  wider  that  24  feet,  and  containing  only  two  rows  of  beds)  and  a 
large  end  window.  2nd,  Additional  openings,  to  secure,  as  far  as  possible  a 
vertical  movement  of  the  air  from  below  upwards ;  and  this  will  be  best 
accomplished  as  follows 

1  For  examples  of  the  value  of  a  great  supply  of  fresli  air  on  some  diseases,  see  note  in  formev 
editions  or  this  work. 

troV^  ^1^''^"  similar  to  this  has  been  devised  by  Dr.  S.  Hale,  and  adopted  in  some  of  the  A.us- 
xraiian  Hospitals.  It  is  an  excellent  an-angement,  but  seems  rather  unuecessarilv  comulic-ited 
by  taking  the  air  xmder  the  floor,  and  elevating  the  beds  on  a  dais.  ^^^^'^^i^y  i-ompiiL.itca 
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A  tube  opening  at  once  to  the  external  air  hIiouIcL  run  transversely  along 
the  floor  of  the  ward  to  each  bed,  and  should  end  in  a  box  placed  under  the 
bed,  and  provided  with  openings  at  the  top  and  sides,  which  can  be  more  or 
less  closed.    In  the  box,  coils  of  hot- water  pipes  should  be  introduced  to 
warm  the  air  when  necessary.    The  area  of  the  tube  should  not  be  less  than 
72  square  inches  to  each  bed  ;  and  the  area  of  the  openings  in  the  box  at  least 
four  times  larger.    The  fresh  air,  warmed  to  any  degree  and  moistened,  if 
necessary,  by  placing  wet  cloths  in  the  box,  or  medicated  by  placing  chlorine, 
iodine,  or  other  substances,  will  then  pass  under  each  bed,  and  ventilate  that 
space  'so  often  unaired ;  and  then,  ascending  round  the  sides  of  the  bed, 
will  at  once  dilute  and  carry  up  the  products  of  respiration  and  transpiration 
to  the  ceiling.    It  would  be  a  simple  matter  so  to  arrange  the  hot  water 
pipes  as  to  be  able  to  cut  off  all  or  some  of  the  pipes  under  a  particular  bed 
from  the  hot-water  current  if  desired,  and  so  to  give  a  fever  patient  air  of 
any  temperature,  from  cold  to  hot,  desired  by  the  physician.    In  the  low 
and  exhausted  stages  of  fever  warm  air  is  often  desirable.    By  this  simple 
plan,  we  could  deal  more  effectually  with  the  atmosphere  round  our  patients, 
as  to  warmth,  dryness,  humidity,  and  medication,  than  by  any  other.  At 
the  same  time,  the  open  fire-place  and  chimney,  and  the  open  doors  and 
windows,  might  be  preserved.^  . 
For  the  exit  of  the  foul  air,  channels  in  the  ridge  should  be  provided, 

warmed  by  gas  if  possible.  i       a.-u  i,  -i;!- 

To  facilitate  this  system  of  ventilation,  it  is  desirable  to  have  the  buildings 
one  storied  only ;  but  it  can  be  applied  with  two  stories.  Only  then  the  dis- 
charge tubes  must  be  placed  at  the  sides,  and  run  up  in  the  thickness  ot  the 

■  But  not  only  should  there  be  good  ventilation,  but  the  wards  ought  to  be 
every  year  empty  for  two  or  three  weeks,  and  during  the  time  thoroughly 
exposed  to  the  air,  every  door  and  window  being  open. 

(c)  The  strictest  rules  should  be  laid  down  with  regard  to  the  immediate 
xemoval  from  the  wards  of  all  excreta,  dirty  d^f'^«;^g«^^°^^  ^  . 

ITothing  that  can  possibly  give  off  anything  to  the  air  should  be  allowed  to 
remain  a  single  moment.    Dressings  of  foul  wounds  should  be  sprinkled  with 

'^'(^)  ?h^^^^^^^^    should  be  of  impermeable  material.    Cements  of  different 
kind  are  now  used,  especially  Parian  ;  large  slabs  of  properly  coloured  tdes, 
oined  by  a  good  cement,  and  good  Portland  cement  well  painted,  would 
iioweverf  begetter.    Parian  cracks  and  spaces  form  behind  it.  Ceding 
shoTiM  be  either  cemented  or  frequently  limewashed     Great  care  shou  d  b 
taken  with  the  floors.    On  the  whole,  good  oak  laid  on  concrete  seems  the 
btrmltell    huT^     joinings  should  be  perfect,  so  that  no  fluid  may  pass 
thtu^fand  collect  below  the  floor.    Possibly  it  might  bo  well  to  cover  th 

1  The  i,>tr„,l«ctto„ot  vertical  t,,bes  fa  also  useful,  as  giving  the  ah-  an  upmrd  direction  and 
"".°"StS*s  i;SS:;S™"pvant»geonsly  1^^^^^^  at  the  sides  Cose  to  the 
-ceiliug.  but  with  a  one-storied  or  upper  ward  an  open  roof  is  better. 
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The  excess  of  paraffin  is  scraped  off,  and  the  floor  is  Crushed  with  a  hard 
brush ;  a  little  paraffin  in  turpentine  is  then  put  on,  and  the  flooring  is  good 
for  years.  1 

(£")  The  furniture  in  a  ward  should  be  reduced  to  the  minimum ;  and,  as 


Fig.  69.— Ward  for  20  Ward-beds. 


A.  Ward. 

T>. 

Water-closet  and  Ward-sink. 

B.  Nurse's  room,  with  Ward-window. 

B. 

Bath-room  and  Ablution-roc m. 

0.  Scullery. 

F. 

Ventilated  lobbies. 

far  as  possible,  everything  should  be  of  iron.    The  bedding  should  also 
be  reduced  in  size,  as  much  as  it  can  be.    Thick  mattresses  should  be  dis- 
carded, and  thin  mattresses,  made  easy  and  confortable  by  being  placed  on 
springs,  employed.^    The  material  for  mat- 
tresses should  be  horse-hair  (18  H)  weight  to 
each  mattress),  or  coir  fibre,  which,  on  the 
whole,  are  least  absorbent.    Straw,  which 
absorbs  very  little,  is  bulky,  and  is  said  to 
be  cold.    AH  flock  and  woollen  mattresses 
should  be  discarded.    Blankets  and  cover- 
lets should  be  white  or  yellowish  in  colour, 
and  should  be  frequently  thoroughly  aired, 
fumigated,  and  washed. 

(/)  The  arrangement  of  the  water-closets  and  urinals  is  a  matter  of  the 
greatest  moment.  Every  ward  should  have  a  urinal,  so  that  the  common 
practice  of  retaining  urine  in  the  utensils  may  be  discontinued.  If  the  urine 
is  kept  for  medical  inspection,  it  should  be  in  closed  vessels.    The  removal  of 


Fig.  70.—  Section  of  Ward  to 
show  the  Bed. 


Fig.  71.— Drawing  to  show  Beds  and  Windows. 

excreta  must  be  by  water.  In  hospitals,  nothing  else  can  be  depended  upo- 
as  regards  certainty  and  rapidity.    The  best  arrangement  for  closets  is  not 

tT,;       ^?P^"ence  of  some  years  in  the  Southampton  Infirmary  has  proved  the  flrlvu, 
this  floonng.    It  has  also  been  introduced  with  satisfactory  results  intS  the  Bri^tni  Tnfi  ^'^^ 
according  to  information  received  from  Mr.  Eassie,"  C.E.  Infirmary, 

-^^V^^^^^^^^ssbedstead,  as  arranged  by  Dr.  Reed,  in  use  in  the  MnnpTioofn,.-D     it  ^ 
ary,  and  made  by  Messrs.  Chorlton  &  D?,gda/e,  seems  an  excernranfverj  ctm^ 
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the  handle  and  plug,  which  very  feeble  patients  will  not  lift ;  but  a  self-actin^r 
water  supply  connected  with  the  door,  and  flowing  when  it  is  open.  This 
plan  is  better  than  the  self-acting  spring  seat,  which  is  not  always  easily 
depressed  by  a  thin  patient ;  and  also,  by  leaving  the  open  door,  it  gives  us 
the  means  of  pouring  in  any  quantity  of  water,  and  of  thoroughly  flushin» 

the  pan  and  pipe.  The  closets  are  best  ar- 
ranged in  nearly  detached  lobbies,  at  one  end 
of  the  ward,  and  separated  from  it  by  a 
thorough  cross  ventilation,  as  shown  in  the 
plan  which  is  copied  from  Miss  Nightin- 
gale's work.i  A  further  improvement  may 
be  made  by  throwing  the  closets  still  further 
out,  with  an  intercepting  lobby,  as  shown  in 
fig.  72. 

In  this  way,  provided  the  site  of  the 
hospital  is  originally  well  chosen,  perfect 
purity  of  air  can  be  obtained,  and  the  first 
Fig.  72.— Closets  (W.C.)  and  Lava-  requisite  of  a  good  hospital  is  secured. 

tory  (L)  witli  intervening  venti-  Next  to  the  supply  of  pure  air,  and  to  the 
lated  lobbies  (1).  measures  for  preventing  contamination  (which 

embrace  construction,  ventilation,  cleanliness,  and  latrine  arrangements), 
come  the  arrangements  for  medical  treatment. 
Medical  treatment  includes — 

1.  Supply  of  Food. — The  diet  of  the  sick  is  now  becoming  a  matter  of 
scientific  precision ;  and  it  is  probable  that  every  year  greater  and  greater 
importance  will  be  attached  to  it.  Hence  the  necessity  of  a  perfect  central 
kitchen,  and  of  means  for  the  rapid  supply  of  food  at  all  times.  There  is 
more  difficulty  in  doing  this  than  at  first  appears,  as  the  central  kitchen  carmot 
supply  everything ;  and  y  et  there  must  be  no  cooking  in  the  wards,  or  even 
near  them,  as  the  time  of  the  attendants  should  be  occupied  in  other  ways. 
Probably,  the  best  arrangement  is  to  have  hot  closets  close  to  the  wards,  where 
the  food  sent  from  the  kitchen  can  be  kept  warm,  and  ready  for  use  at  all 
hours  of  the  day  and  night. 

2.  The  Siqyply  of  Water. — Hot  and  cold  water  must  be  supplied  every- 
where, and  baths  of  all  kinds  should  be  available.  The  supply  of  water  for 
all  purposes  should  be  40  to  50  gallons  per  head  daily. 

3.  The  Stipply  of  Drugs  and  Apparatus. — The  chief  point  is  to  economise 
the  time  of  attend  ants,  and  to  enable  drugs  and  apparatus  to  be  procured 
without  delay  when  needed. 

4.  The  Nursing  and  Attendance,  including  the  Supply  of  Clean  Linen,  ^c. — 
The  time  and  labour  of  the  attendants  should  be  expended,  as  far  as  possible, 
in  nursing,  and  not  in  other  duties.  Every  contrivance  to  save  labour-  and 
cleaning  should  therefore  be  employed.  Lifts,  shafts,  tramways,  and  speak- 
ing tubes  to  economise  time  ;  wards  arranged  so  as  to  allow  the  attendants  a 
view  of  every  patient ;  wards  not  too  large  nor  too  small,  for  Miss  Nightingale 
has  conclusively  shown  that  wards  of  from  20  to  32  beds  are  best  suited  for 
economy  of  service. 

5.  Means  of  Open-air  Exercise  for  Patients. — This  ought  properly  to  be 
considered  as  medical  treatment.    As  soon  as  a  patient  can  get  out  of  his  ward 

nto  the  open  air  he  should  do  so ;  therefore,  open  verandahs  on  the  sunny 
ides  of  the  wards,  and  sheltered  gardens,  are  most  important.    Tor  the  same 

1  Dr.  Buchanan  lias  suggested  a  jjlaii  of  vertical  ventilation  in  tlie  vestibule,  in  cases  where 
.  cross  ventilation  is  not  available.    This,  of  course,  need  not  to  be  in  a  new  building,  although 
it  might  be  useful  in  the  adaptation  of  an  existing  one.    The  addition  of  a.  slop  smk,  forthe 
mptying  of  bed-pans,  &c.,  would  also  be  useful. 
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reason  hospitals  of  one  story  Ve  best/  as  the  patients  easily  get  out ;  if  of 

^1  '"^^Z^tt?^^^^  of  air  n^edicated  with  gases  or  fine 
powders  or  varrous  amounts  of  watery  vapour,  is  a  mode  of  trea  ment  which 
i's  s"  rrtVbecome  more  common  in  certain  diseases,  and  special  wards  will 
have  to  he  provided  for  these  remedies. 


^  The  late  Dr.  Parkes  wrote :— "  I  had  never  properly  estimated  the  importance  of  patients 
getting  into  the  air,  and  the  desirability  of  one-storied  buildings  for  this  purpose,  till  I  served 
at  Renkioi  in  Turkey  during  the  Crimean  war.  The  hospital  was  composed  of  one-storied 
wooden  houses  connected  by  an  open  corridor.  As  soon  as  a  man  could  crawl  he  always  got 
into  the  corridor  or  between  the  houses,  and  the  good  effects  were  manifest.  Some  of  the 
medical  officers  had  their  patients'  beds  carried  out  into  the  corridor  when  the  men  could  not 
■walk.  In  the  winter  greatcoats  were  provided  for  the  men  to  put  on,  and  they  were  then 
encouraged  to  go  into  the  corridor." 
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The  parts  of  a  military  hospital  are  ^ — 

Patients^  Rooms,  Wards,  and  Day-rooms,  if  possible ;  the  wards  of  two 
sizes, — largo,  i.e.,  from  20  to  32  beds,  and  small,  for  one  or  two  patients.  It 
is  desirable  to  have  the  small  wards  not  close  to  the  large  ones,  but  at  some 
little  distance.  Attached  to  the  wards  are  attendants'  rooms,  scullery,  bath  and 
ablution  rooms,  small  store-room,  urinal,  closets  (one  seat  to  every  eight  men). 

Operating-room — Dead-liouse — Administration. — Surgeons'  rooms  ;  cusC' 
book  and  instrument  room  \  offices  and  officers'  rooms. 

Pharmacy. — Dispensary ;  store-room ;  dispenser's  room. 

Culinary. — Store-room  ;  wine  and  beer  room  ;  larder  and  meat  room ; 
kitchen ;  room  for  arranging  diets  ;  scullery ;  cook's  room. 

Washing. — Washhouse  ;  dirty  linen  store ;  baking  and  fumigating-room  ; 
cleaning  room  for  mattresses. 

Steward's  Department. — Offices,  furniture,  linen,  utensil,  and  pack  storos; 
rooms  for  cleaning. 

The  amount  for  storage  room  is,  for  an  hospital  of  100  sick — 

Fuel  store  =250  square  feet. 

Foul  linen  store     =120  „ 
Pack  store  =  200 


Bedding  and  store  =  200  square  feet. 
Clothing  store      =100  „ 
Utensil  store       =160-200  „ 
Provision  store    =100  „ 


(In  military  hospitals.) 


Fig.  73  shows  the  arrangement  of  closets  and  lavatory  in  a  military  hospital  J 
The  two  following  plans  show  the  arrangement  of  the  Lariboisiere  Hospital  f 
in  Paris,2  which  circumstances  have  made  the  type  of  the  so-called  block  or 
pavilion  plan;  and  of  the  Herbert  Hospital,  which  is  the  best  military 
hospital  in  this  country,  or  perhaps  anywhere. 

The  Herbert  Hospital  at  Woolwich  consists  of  four  double  and  three  single 
pavilions  of  two  floors  each,  all  raised  on  basements.  There  is  a  convalescent's 
day-room  in  the  centre  pavilion.  The  administration  is  in  a  separate  block  in 
front.  The  axis  of  the  wards  is  a  little  to  the  east  of  north.  There  is  a 
corridor  in  the  basement,  through  which  the  food,  medicines,  coals,  &c.,  are 
conveyed,  and  then,  by  a  series  of  lifts,  elevated  to  the  wards.  The  terraces 
in  the  corridor  afford  easy  means  oi  open-air  exercise  for  the  patients  in  the 
upper  ward.  The  wards  are  warmed  by  two  central  open  fire-places,  with 
descending  flues,  round  which  are  air-passages,  so  that  the  entering  air  is 
warmed.  °The  floors  are  iron  beams,  filled  in  with  concrete,  and  covered  with 
oak  boarding.2 

The  usual  shape  of  ward  is  oblong,  the  standard  width  26  feet  (m  tlie 
army)  to  30  feet  (St.  Thomas's,  for  instance),  and  the  length  being  determined 
by  the  number  of  beds.  Mr.  John  Marshall  ^  has,  however,  advocated  a 
system  of  circular  wards,  which  he  thinks  have  certain  advantages,  and  a 
similar  plan  has  been  actually  carried  out  in  the  new  hospital  at  Aiitwerp 
which  will  probably  be  ready  for  occupation  by  the  end  of  this  year  (lbb2)^ 

1  Hospital  space  is  to  be  provided  for  10  per  cent,  of  tlie  force.    Lately,  ^/^ce  the  health  of 
the  Smv  has  been  so  much  improved  on  home  service,  it  has  been  proposed  to  reduce  it  to  7 
per  S,  butTt  ^vould  appear  desirable  always  to  have  a  large  ^-^P^tfjP^^^^  ^^^S^^^^^ 
and  for  war.    For  the  dutie^s  of  adnunistrative  medical  oflicers  with  regard  to  hospitals,  .ee 
the  Medical  Regulations,  1878. 

2  The  new  Hotel-Dieu  is  on  the  same  general  plan.  rliffprpnt  form';  of 

3  The  arrangement  of  the  pavilions  may  be  varied  m  many  ^^^^^  J^^i  liferent  on  oi 
arrangement,  see  the  works  already  cited.  It  has  been  thought  unnecessaiy  to  take  up  .space 
by  inserting  plans,  which  vary  merely  in  detail.  i  ii  t?  tj  «    Ar,.  Tmidon  Smith. 

*  Ou  a  (Jircular  System  of  Hospital  Wards,  by  John  Marshall,  F.R.S.,  &c.,  London,  bimin, 

'^^InwSicaZ  Journal,  Aug.  26, 1882,  on  p.  350  a  ground  plan  is  gi^'eii^^^^^^^ 

Medical  Record,  July  15,  1881,  p.  296  ;  and  Charitable  and  Parochial  Kstablishmaits,  ly 

Saxon  Snell,  F.R.I.B.A.,  for  similar  plans. 


HOSPITALS  m  THE  TROPICS. 
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Hospitals  in  the  Tropics. 
The  Bamck  and  Hospital  Commission,  in  carrying  out  the  plans  of  the 
:iloyal  Indian  Sanitary  Commission,  suggest  1  for  each  sick  man- 


St 


Fig.  74. — Lariboisie're  Hospital  at  Paris. 


•tcalo  'of  Feef 

Fig.  75.— Grmind  Plan  of  the  Herbert  Hospital,  Woolwich  (from  Jliss  Nightingale's  book). 


1  Op.  dt.,  p.  27. 
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Superficial  area=  100  square  feet,  up  to  120  in  unhealthy  districts. 

Cubical  space  =  1500  feet,  or,  in  unhealthy  districts,  2000  feet. 

It  is  also  directed  that  hospitals  should  consist  of  two  divisions — 1st,  for 
sick  ;  and  2nd,  for  convalescents.  This  latter  division  to  hold  25  per  cent,  of 
the  total  hospital  inmates. 

Each  hospital  is  to  he  built  in  blocks,  to  consist  of  two  floors,  the  sick  and 
convalescents  to  sleep  on  the  upper  floors  only ;  each  block  to  hold  only  20  to 
24  beds. 

The  principles  and  details  are,  in  fact,  identical  with  those  already  ordered 
for  the  home  stations. 

Hospitals  for  Infectious  Diseases. 

Fever  and  smallpox  hospitals  have  been  long  established  in  many  large 
English  towns ;  but  within  the  last  few  years  it  has  become  usual  for  aU 
towns  of  any  size  to  put  up  some  temporary  hospitals  during  an  outbreak  of 
cholera,  smallpox,  relapsing  fever,  and  typhus,  and  to  remove  persons  ill  with 
these  diseases  at  once  from  their  dwellings.  In  this  way,  if  there  is  early 
discovery  of  the  cases,  the  chances  of  spread  of  the  disease  are  greatly 
lessened.  1 

The  Medical  Department  of  the  Privy  Council  issued  a  Memorandum  in 
1872,2  pointing  out  that  power  is  given  under  the  37th  section  of  the 
Sanitary  Act,  1866,^  to  the  local  board,  improvement  commissioners,  town 
council,  or  vestry,  to  provide  "  hospitals  or  temporary  places  for  the  reception 
of  the  sick."  It  is  pointed  out  that  villages  should  have  the  means  of 
accommodating  instantly  four  cases  of  infectious  disease  in  at  least  two 
separate  rooms,  and  it  is  considered  that  a  good  cottage  would  answer  this 
purpose.  In  towns  a  permanent  provision  is  advised  to  be  made,  and  the 
following  suggestions  are  made  : — The  situation  to  be  convenient ;  ward  cubic 
space,  2000  feet  per  head  ;  ward  floor  space  per  head,  144  square  feet ;  good 
provision  for  ventilation ;  precautions  against  entrance  of  foul  air  (as  from 
privies  or  sinks) ;  warming  in  winter  to  60°  Fahr.  ;  keeping  cool  in  summer ; 
means  of  disposal  of  excrements  and  slops ;  and  for  cleaning  and  disinfecting 
linen. 

For  temporary  emergencies,  tents  (army  hospital  marquees)  are  recom- 
mended, or  huts  are  advised.  The  huts  are  described  at  some  length,  and 
plans  are  given  of  the  huts  and  of  the  arrangement.  As  these  are  very 
similar  to  those  used  by  the  army  in  war,  reference  is  made  to  that  section. 


I  That  such  hospitals  may,  however,  he  themselves  centres  of  infection  has  been  shown  hy 
the  Rejport  of  the  Hospitals  Commission,  1882,  which  may  be  consulted  lor  much  valuable 

^^^i^tmorandum  on  Hospital  Accommodation  to  be  given  hy  Local  Authorities  (signed  John 

Simon,  8th  July  1872).  =  t„■f^Q'7^. 

3  Now  under  the  131st  and  following  clauses  of  the  Public  Health  Act  oj 


CHAPTEE  X. 


KEMOYAL   OF  EXCRETA. 

We  have  seen  that  a  regular  supply  of  pure  air— in  other  words,  efficient 
YentHation— is  required  to  remove  the  excreta  of  the  lungs  and  the  volatile 
products  of  the  skin.  The  solid  and  fluid  excreta  from  the  bowels  and  the 
kidneys  ought  to  be  as  rapidly  and  as  completely  removed  as  the  gaseous 
impurities. 

It  is  highly  probable  that  to  barbarous  and  inefficient  modes  ot  removing 
the  excreta  of  men  and  of  animals  we  must  partly  trace  the  great  prevalence 
of  disease  in  the  middle  ages,  and  there  is  no  doubt  that  many  of  the  diseases 
now  prevailing  in  our  large  towns  are  owing  to  the  same  cause. 

When  men  live  in  thinly-populated  countries,  following,  as  they  will  then 
do,  an  agricultural  or  nomade  life,  they  will  not  experience  the  consequences 
of  insufficient  removal  of  excreta.  The  sewage  matter  returns  at  once  to  that 
great  deodoriser  the  soil,  and  fertilising  it,  becomes  a  benefit  to  man,  and  not 
a  danger.  It  is  only  when  men  coUect  in  communities  that  the  disposal  of 
excreta  becomes  a  matter  literally  of  life  and  death,  and  before  it  can  be 
settled  the  utmost  skill  and  energy  of  a  people  may  be  taxed. 

The  question  of  the  proper  mode  of  disposal  of  sewage  has  been  soniewhat 
perplexed  by  not  keeping  apart  two  separate  considerations.  The  object  of 
the  physician  is  to  remove  as  rapidly  as  possible  all  excreta  from  dwellings, 
so  that  neither  air,  water,  nor  soil  shall  be  made  impure.  The  agriculturist 
wishes  to  obtain  from  the  sewage  its  fertilising  powers.  It  is  not  easy  to 
satisfy  both  parties,  but  it  wiU  probably  be  conceded  that  safety  is  the  first 
thing  to  be  sought,  and  that  profit  must  come  afterwards. 

SECTION  I. 

AMOUNT  AND  PRODUCTS  OF  THE  SOLID  AND  FLUID  EXCRETA. 

Am,ount  of  the  Solid  and  Fluid  Excreta. 

The  amount  of  the  bowel  and  kidney  excreta  vary  in  different  persons  and 
with  different  modes  of  life.  On  an  average,  in  Europe,  the  daily  solid 
excreta  are  about  4  ounces  by  weight,  and  the  daily  fluid  excreta  50  ounces 
by  measure  for  each  male  adult.  Women  and  children  pass  rather  less. 
Vegetable  pass  more  solid  excreta  than  animal  feeders,  but  this  is  chiefly 
owing  to  a  large  proportion  of  water.  ^  Taking  all  ages  and  both  sexes  into 
consideration,  we  may  estimate  the  daily  amount  per  head  of  population  in 
Europe  at  2|  ounces  of  faecal,  and  40  ounces  of  urinary  discharge.  A  popu- 
lation of  1000  persons  would  thus  pass  daily  156  K)  of  solids  and  260  gallons 
of  urine,  or  in  a  year  25  tons  of  fasces  and  91,250  gallons  (14,646  cubic  feet) 
of  urine.  Letheby  gives  the  mean  amount  per  head  as  2*784  ounces  of 
faeces  and  31-851  ounces  of  urine.    In  a  mixed  population  of  1000  persons 

*  Mr.  Fawcus's  experiments  on  Bengalee  prisoners  give  an  average  bowel  excretion  of  12 
ounces,  and  in  Bombay  Dr.  Hewlett  found  tlie  alviue  discharges  to  be  quite  as  large. 


360 


llEMOVAL  OF  EXCEETA.. 


of  different  sexes  and  ages,  Lctheby  has  calculated  that  the  daily  discharge 
of  the  whole  town  will  be  2266  tt)  avoir,  of  urine  and  177-5  Dj  of  fseces. 

Frankland  estimates  the  mean  daily  amount  per  head  as  3  ounces  of  fseces 
and  nearly  40  ounces  by  measure  of  urine.  In  adult  males  the  quantity  of 
nitrogen  daily  discharged  by  the  bowels  and  kidneys  amounts  to  from  250 
to  306  grains,  representing  304  and  372  grains  of  ammonia.  Taking  the 
whole  population,  however,  the  amount  must  be  considerably  less  than  this. 
Dr.  Parkes  calculated  it  as  153  grains  of  nitrogen,  and  Lctheby  gave  it  as 
155-8  grains,  or  from  186  to  189  grains  of  aramonia,  i.e.,  the  mean  excretion 
of  all  the  population  is  very  nearly  half  the  excretion  of  the  adult  male. 

Decomposition  of  Sewage  Matter. 

Fresh.  heaHhy  faecal  matter  from  persons  on  mixed  diet,  unmixed  with 
urine,  has  an  acid  reaction,  and  this  it  retains  for  a  considerable  time ;  it 
then  becomes  alkaline  from  ammonia.  If  free  from  urine,  it  usually  decom- 
poses slowly,  and  in  hot  weather  often  dries  on  the  surface,  and  subsequently 
changes  but  little  for  some  time.  The  urine,  when  unmixed  with  faecal 
matter,  also  retains  its  natural  acidity  for  a  variable  number  of  days,  some- 
times three  or  four  ;  sometimes  eight  or  ten,  or  even  longer,  and  then  becomes 
alkaline  from  ureal  decomposition.  When  the  faeces  and  urine  are  mixed, 
the  formation  of  ammonium  carbonate  from  ureal  decomposition  is  mucb 
more  rapid ;  the  solid  excreta  seem  to  have  the  same  sort  of  action  as  the 
bladder  mucus,  and  the  mixed  excreta  become  alkaline  in  twenty -four  hours, 
while  the  separate  excreta  are  still  acid.  And  in  its  tufii  the  presence  of  the 
urine  seems  to  aid  the  decomposition  of  the  solid  matter,  or  this  may  be 
perhaps  from  the  effect  of  the  fluid,  as  pure  water  seems  to  act  almost  as 
rapidly  as  urine  in  this  respect.  Pappenheim^  states  that  the  absorption  of 
oxygen  by  the  fseces  is  greatly  increased  when  urine  is  added.  When  the 
solid  excreta  and  urine  are  left  for  two  or  three  weeks,  the  mixture  becomes 
usually  extremely  viscid,  and  this  occurs,  though  to  a  less  extent,  when  an 
equal  quantity  of  pure  water  takes  the  place  of  urine.  The  viscidity  is  pre- 
vented by  carbolic  acid. 

When  the  solid  excreta  (unmixed  with  urine)  begin  to  decompose,  they  give 
out  very  fcstid  substances,  which  are  no  doubt  orgaiiic;  hydrogen  suij^hide 
is  seldom  detected,  at  any  rate  by  the  common  plan  of  suspending  paper  soaked 
in  lead  solution  above  the  decomposing  ma  ^s.  When  heated,  a  large  quantity 
of  gas  is  disengaged,  which  is  inflammable,  and  consists  in  great  measure 
of  carburetted  hydrogen.  When  (instead  of  being  dry)  urine  is  present, 
ammonia  and  foetid  organic  matters  are  disengaged  in  large  quantity.  When 
water  is  also  present,  and  if  the  temperature  of  the  air  is  not  too  low,  not 
only  organic  matters  but  gases  are  given  out,  consisting  of  light  carburetted 
hydrogen,  nitrogen,  and  carbon  dioxide.  Hydrogen  sulphide  can  be  also 
disengaged  by  heat,  and  is  almost  a)  ways  found  in  the  liquid,  usually  in  com- 
binatfon  with  ammonia,  from  which  it  is  sometimes  liberated  and  then  passes 
into  the  air. 

SECTION  II. 

METHODS  OF  EEMOVAL  OF  EXCRETA. 

While  all  will  agree  in  the  necessity  of  the  immediate  removal  of  excreta 
from  dwellings,  the  best  modes  of  doing  so  are  by  no  means  settled,  ihe 
fact  is  that  several  methods  of  removing  sewage  are  applicable  m  dilierent 


1  Handb.  der.  San.  Pol.,  2nd  edit.,  Band  i.  p.  72. 
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<fircumstaiices,  and'  tHeir  relative  amounts  of  utility  depend  entirely  on  the 
condition  of  tlie  particular  place. 

The  different  plans  may  be  conveniently  divided  into^ — 

1.  The  water  method. 

2.  The  dry  methods. 

Before  noticing  these  plans,  it  will  be  convenient  to  make  a  few  general 
observations  on  sewers. 

Sewers. 

•  Sewers  are  conduits  employed  to  remove  waste  water  and  waste  products 
suspended  in  water  from  houses,  or  to  carry  away  rain.  Among  the  waste 
products  may  be  the  solid  and  liquid  excreta  of  men  and  animals,  or  the 
refuse  of  trade  and  factory  operations.  Or  sewers  may  be  used  merely  for 
the  conveyance  of  dirty  house  water,  without  the  admixture  of  excreta  or 
trade  refuse. 

It  is  quite  impossible  that  any  town  or  even  any  single  large  house  can  be 
properly  freed  of  its  waste  house  water  without  sewers,  and  in  a  more  or  less 
perfect  condition  they  are  to  be  found  not  only  in  all  modern,  but  in  most 
ancient  cities.  Originally,  no  doubt,  they  were  mere  surface  channels,  as  they 
are  still  in  many  towns ;  but  for  the  sake  of  appearance  and  inoffensiveness, 
the  custom  must  have  soon  arisen  of  placing  them  underground,  nor  in 
modern  towns  could  they  now  be  arranged  otherwise.  In  some  large  towns 
there  are  even  hundreds  of  miles  of  sewers  constructed  often  with  great  skill 
and  science,  and  they  serve  in  some  instances  as  the  channels  not  only  for 
rain,  but  for  natural  streams  which  have  been  enclosed. 
■  The  sewers  form  thus  in  the  subsoil  of  towns  a  vast  network  of  tubes, 
connecting  every  house,  and  converging  to  a  common  outlet  where  their  con- 
tents may  be  discharged. 

'  In  some  towns  the  sewers  carry  away  none  of  the  solid  excreta,  though 
probably  urine  enters  in  all  cases.  In  most  towns,  however,  solid  excreta  in 
greater  or  less  quantity  enter,  owing  especially  to  the  prevalent  use  of 
water-closets,  or  to  the  drainage  of  middens  and  manure  heaps. 

Whether  the  solid  excreta  pass  in  or  not,  the  liquid  in  the  sewers  must 
always  contain  either  suspended  or  dissolved  animal  and  vegetable  matters 
derived  from  the  refuse  of  houses.  It  is  generally  warmer  than  the  water  of 
streams,  and  is  of  no  constant  composition ;  sometimes  it  is  very  turbid,  and 
highly  impure ;  in  other  cases  it  is  hardly  more  impure  than  the  water  of 
surface  wells.  The  suspended  matters  are,  however,  generally  in  larger  pro- 
portion than  the  dissolved. 

In  some  cases  the  sewer  water  is  in  greater  amount  than  the  water 
supphed  to  the  town  and  the  rainfall  together.  This  arises  from  the  subsoil 
water  finding  its  way  into  the  sewers. 

One  ton  of  London  or  Eugby  sewage  contains  only  from  2  fi)  to  3  Bj  of 
solid  matter  (Lawes).^ 

The  average  composition  of  sewer  water  in  towns  with  water-closels  is, 

I.V  w'''T?°n®^f  ^^3<i^''  ofP^^^'is  Relating  to  the  Treatment  and  Utilisation  of  Seioaae 

i         Committee  appointed  by  the  President  of  the  Local  Government  Board  fn 
enquire  znto  th^  several  modes  of  treating  Town  &<m<7e,  London,  Eyre  and  Stiswond? 
-1876  ;  see  also  "  Die  Menschliche  Abfallstoffe,"  von  Dr.  Ferd  Fischer  ^iw»Zemen/ SfK^ 
Viertelj.  f  Qfft.  Gesundh. ,  1882.  '  ^uppLement  zur  Deiotsclim 

iSft/?*"  «n®  composition  of  sewer  water  see  Way,  Second  Report  of  Common  Seioaap  nf  Tn,„^. 
Ts?J'^».^  '^r-l-'  I^etheby,  The  Sexoage  Question,  1872,  p.  135-  £noH  ov  Tntf  4^^' 
1876;  Rivers  Pollution  Commissioners' Report  '  ,  V-  ^od  ,  neport  on  Town  Sewage, 
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organic  matter,  27-72  ;  nitrogen,  6-21 ;  phosphoric  acid,  1-57  ;  potash,  2-03 
grains  per  gallon.  ^ 

The  Rivers  Pollution  Commissioners  give  7-28  grains  of  organic  nitrogen 
per  100,000  parts,  or  5-41  grains  per  gallon  ;  the  mean  amount  of  ammonia 
is  6-703  per  100,000,  or  4-695  grains  per  gallon. 

Under  the  microscope,  sewer  water  contains  various  dead  decaying  matters, 
and  in  addition  multitudes  of  Bacteria  and  amoebiform  bodies,  as  well  as 
some  ciliated  infusoria,  especially  Parameda.  Fungi  (spores  and  mycelium) 
are  seen,  but  there  are  few  Diatoms  or  Desmids,  and  not  many  of  the 
higher  animals,  such  as  Rotifera. 

A  controversy  is  still  going  on,  whether  the  solid  excreta  ought  to  be 
admitted  into  the  sewers.  The  point  is  virtually  practically  decided  in 
many  towns  in  this  country  by  the  general  use  of  water-closets,  which  cannot 
now  in  these  towns  be  superseded  by  any  plan  yet  proposed.  It  is,  however, 
quite  an  open  question,  whether,  if  all  the  arrangements  could  be  commenced 
de  novo,  the  admission  of  the  solid  excreta  would  be  proper. 

The  arguments  for  and  against  this  view  will  presently  be  stated. 
Whether  the  solid  excreta  are  allowed  to  pass  in  or  not,  it  is  clear  that 
the  dirty  water  of  the  sewers  must  in  some  way  be  disposed  of.    It  is  in 
every  case  more  or  less  impure,  containing  animal  and  vegetable  substances 
in  a  state  of  commencing  decay,  which  passes  readily  into  putrefaction.  The 
readiest  mode  of  getting  rid  of  it  is  to  pass  it  into  streams,  where  it  is  at 
once  subjected  to  the  influence  of  a  large  body  of  water,  and  where  the  solid 
matters  become  either  slowly  oxidised,  or  form  food  for  fishes  or  water  plants, 
or  subside.    Although  from  an  early  period  streams  were  thus  contaminated 
and  their  water  originally  pure  was  thus  rendered  unfit  for  use,  it  is  only 
lately  that  a  strong  opposition  has  arisen  to  the  discharge  into  streams. 
This  is  owing  partly  to  the  greater  pollution  and  nuisance  caused  by  the 
more  common  use  of  water-closets  and  the  largely  increasmg  trade  of  the 
country,  which  causes  more  refuse  to  be  sent  in,  and  partly  to  the  evidence 
which  has  been  lately  brought  forward  of  the  diseases  which  are  caused  by 
drinking  water  made  impure  in  this  way.    To  prevent  the  nuisance  and 
danger  Caused  by  the  pollution  of  streams  many  actions  at  b^e^ 
brought,  and  in  some  cases  special  Acts  of  Parliament  have  forbidden  the 
discharge  of  sewer  water  into  certain  rivers  until  after  efficient  purification. 
The  Ei?ers  Pollution  Act  of  1876  now  deals  with  the  question,  its  provisions 
having  come  into  operation  on  the  15th  August  18v  7. 

Vto  a  certain  point,  there  would  probably  be  a  f'-'^^\^l\X  '^'^^ 
the  nrinciple  on  which  this  difficult  question  should  be  dealt  with.  Animal 
suL^anceTin  a  B^ate  of  decay  can  be  best  prevented  from  contaminating  the 
ak  the  soil  or  the  water  of  streams,  by  imitating  the  operations  of  nature 
the  endless  cycle  of  physical  change,  decaying  annual  matters  are  the 
natu  al  food  of  plants,  and  plants  again  form  the  food  of  animals. 

S  so  hanoens  that  with  the  exception  of  some  mineral  trades,  the  waste 
pro'diSs^TShte'hurtfulto  agricWe  many  ^fl^^^^^^lTt 
L  the  sewer  water  of  our  ^"l^^^t^.X.  ^        &U  LTe. 

seem  on  sure  ground  when  ^.^.f  J^rconvert  them  from  dangerous 

matters  to  the  action  of  plant  life,  and  thus  to  convLiu 

impurities  into  wholesome  food.  fu„      nm- nip  and  at  the 

The  difficulty  is,  however,  with  tlie  application  of  he  pimc^^^^^^^^^ 

present  momen't  there  is  the  -tmo«\,^— ^^^^ 

seems,  however,  that  we  may  divide  the  opinions  into  wo   

1  Letlieby,  op.  ciL,  p.  138. 
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ing  to  one  opinion,  the  proi)er  mode  is  to  bring  the  waste  water  of  towns^ 
when  it  contains  fertilising  matters,  at  once  to  the  ground,  and  after  the  arrest 
of  substances  which  may  block  the  pipes,  to  pour  it  over  the  land  in  such  a 
way  as  may  be  best  adapted  to  free  it  from  its  impurities,  and  to  bring  it  most 
rapidly  and  efficiently  under  the  influence  of  growing  plants. 

The  other  opinion  objects  to  this  course  on  two  grounds ;  first,  that  the 
substances  are  not  brought  to  the  ground  in  the  most  convenient  form  for 
agriculture,  and  also  that  the  plan  entails  evils  of  its  own,  arising  from  the 
immense  quantity  of  water  brought  upon  the  land  and  from  the  difficulty  of 
efficient  management.  The  advocates  of  this  second  view  would,  therefore,, 
use  some  plan  of  separating  the  impurities  of  the  water,  and  would  then  apply 
them  in  a  solid  form  to  the  land,  or  use  them  for  some  other  purpose,  as  in 
General  Scott's  plan  of  adding  the  materials  for  cement  and  then  making  this 
substance.  The  purified  water  would  then  be  filtered  through  land,  or  passed 
into  streams,  without  further  treatment. 

In  the  case  of  the  sewage  water  containing  materials  not  adapted  for  agri- 
culture, both  parties  would  deal  with  it  in  the  same  way^  viz.,  purify  it;  by 
chemical  agencies  or  filtration,  and  then  allow  the  water  to  flow  ofi"  into- 
streams,  while  the  solid  products  would  be  disposed  of  in  the  most  convenient 
way. 

These  general  views  apply  to  any  sewer  water,  whether  it  contains  solid 
excreta  or  not,  although  if  these  excreta  can  be  perfectly  excluded  the  sewer 
water  is  less  ofiensive.  It  has  hitherto  been  often  poured  into  streams  without 
previous  purification,  though  now  this  practice  is  prohibited  by  law,  with 
certain  reservations. 

The  sewers  of  a  town  are  for  the  most  part  used  also  to  carry  ofi"  the  rain- 
fall, and,  indeed,  before  the  introduction  of  water-closets,  they  were  used  only 
for  this  purpose,  and  for  taking  away  the  slop  and  sink  water  of  houses.  In 
countries  with  heavy  rainfall,  and  in  this  country  in  certain  cases,  the  rain- 
fall^  channels  are  distinct  from  the  sewers,  and  the  outfalls  may  be  in  an 
entirely  difi'erent  direction.    This  is  sometimes  called  the  ''separate  system." 
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This  is  the  cleanest,  the  readiest,  the  quickest,  and  in  many  cases  the  most- 
inexpensive  method.^  The  water  supplied  for  domestic  purposes,  which 
has  possibly  been  raised  to  some  height  by  steam  or  horse  power,  gives  at 
once  a  motive  force  at  the  cheapest  rate ;  while,  as  channels  must  necessarily 
be  made  for  the  conveyance  away  of  the  waste  and  dirty  water,  which  has 
been  used  for  domestic  purposes,  they  can  be  used  with  a  little  alteration  for 
excreta  also.  It  would  be  a  waste  of  economy  to  allow  this  water  to  pass  off 
without  applying  the  force  which  has  been  accumulated  in  it  for  another 
purpose. 

But  if  this  is  obvious,  it  is  no  less  so  that  certain  conditions  of  success  must 
be  present,  without  which  this  plan,  so  good  in  principle,  may  utterly  fail! 
These  conditions  are,  that  there  shall  be  a  good  supply  of  water,  good  sewers, 
ventilation,  a  proper  outfall,  and  means  of  disposing  of  the  sewer  water.  If 
these  conditions  cannot  be  united,  we  ought  not  to  disguise  the  fact  that 
^ers,  improperly  arranged,  may  give  rise  to  no  inconsiderable  dangers; 
They  are  underground  tubes,  connecting  houses  and  allowing  possibly,  not 
merely  accumulation  of  excreta,  but  a  ready  transference  of  gases "^nd  organic 
molecules  from  house  to  house,  and  occasionally  also  causing,  by  burstino- 
contamination  of  the  ground,  and  poisoning  of  the  water  supply.  And  aU 
these  dangers  are  the  greater  from  being  concealed.    It  is  probably  correct, 
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as  has  been  pointed  out,  that  in  deep-laid  sewers  the  pressure  inwards 
of  the  water  of  the  surrounding  soil  is  so  great  as  frequently  to  cause  an  inflow 
into  the  sewer,  and  so  prevent  the  exit  of  the  contents  ;  but  in  other  cases, 
the  damage  to  the  sewer  may  be  too  great  to  be  neutralised  in  this  way,  and 
in  the  instance  of  superticially  laid  and  choked-up  pipes,  the  pressure  outwards 
of  the  contents  must  be  considerable.  The  dangers  of  sewers  have  now  been 
greatly  reduced,  by  having  good  material,  better  construction,  good  ventilation, 
sufficient  water  supply,  and  means  of  disposal  of  the  sewage  water. 

Amount  of  Water  for  Sewers  intended  for  Excreta. 

Engineers  are  by  no  means  agreed  on  the  necessary  amount.  We  have 
already  named  25  gallons  per  head  per  diem,  on  the  authority  of  Mr.  Brunei, 
■as  the  amount  required  to  keep  common  sewers  clear,  and  even  with  this 
amount  there  should  be  some  additional  quantity  for  flushing.  _  But  in  some 
cases,  a  good  fall  and  well-laid  sewers  may  require  less,  and  in  other  cases, 
•bad  gradients  or  curves  or  workmanship  may  require  more.  It  is  a  question 
wliether  rain  water  should  be  allowed  to  pass  into  sewers;  it  washes  the 
sewers  thoroughly  sometimes,  but  it  also  carries  debris  and  gravel  from  the 
■roads,  which  may  clog ;  while  in  other  cases,  storm  waters  may  burst  the 
sewers,  or  force  back  the  sewage.^ 

Construction  of  Seioers. 

Sewers  are  difi"erently  constructed  according  to  the  purposes  they  are  to 
serve,  i.e.,  whether  simply  to  carry  olf  house  and  trade  water,  or  the  solid 
excreta  in  addition,  or  one  or  both,  with  the  rainfall. 

In  following  oat  the  subject,  it  will  be  convenient  to  trace  the  sewers  from 
the  houses  to  the  outfalL 

House  Pipes  and  Drains. 
It  will  be  convenient  to  call  the  conduits  inside  the  house,  which  run  from 
■sinks  and  clusets,  "  house  pipes,"  and  to  give  the  term  "  dram  pipes    to  the 
conduits  which  receive  the  house  pipes,  and  carry  the  house  water  mto  tanks 
or  main  sewers.    The  house  pipes  may  be  divided  into  smk  and  w-ater-closet 
or  soil  pipes  ;  they  are  made  of  metal  (lead,  iron,  or  zinc,  or  tv^'o  of  these)  or 
,of  earthenware.    The  drain  pipes  are  usually  made  of  well-burnt,  hard, 
■smooth,  glazed  earth enware.2    aU  bricks,  porous  earthenware,  or  substances 
of  the  kind  should  be  considered  inadmissible  for  dram  pipes.    Iron  pipes 
are  not  much  used  in  this  country,  but  are  common  and  m  some  pl^^e^  c°^. 
pulsory  in  America,  when  pipes  have  to  be  earned  under  houses.  hen 
made  of  heavy  cast-iron,  jointed  and  well  caulked  with  lead  or  Spence  s  met^ 
th^y  are  the  best  m  many  circumstances.    Inside  they  -^^l^^''^^^^^ 
■coated  with  Dr.  Angus  Smith's  composition,  or  treated  iy  B a rtt  s  process 
The  pipe   and  drains  vary  in  size  ffom  4  to  16  inches  diameter,3  but  the 
^LlI"fL..^.ve  pipes  is  4  to  9  inches  ;  they  are  round  or  oval  m  shape.* 

1  Storm  overHuws  require  to  he  provided;  for  a  description  of  them  see  Bailey  Denton,  op. 
"V  ^^^^  "i£"autions  us  to  see  that  the  socJcet  of  the  drain  pipe  is  made  with 
^nd  is  a  com,  onent  part  of  the  pipe,  and  not  "'"'f  ^  J"'"*;'' "JJ.-     inches,  and  oval  above  that. 

»  Pipes  are  rn.de  up  to  36  inches,  usually  round  'JP  »  tWt  merelv  draws  off 

Engineers  are  lu.w  desirous  of  restricting  t^™'  ''"^l  [  J.vage  or  liquid  reluse  of  any 
moisture  fronn  .nd,  usins  the  term  '  f,^^,^^  f  t^.t  Fu  fic  Health  Act  of  1876,  in  which 

Idud.    This  .listin.  tion,  however  has  not  been  na  c  i   t  ic  1  u  y  „  ^.^^  ^^.^ 

"  dndn"  is  u.sed  for  .he  pipe  that  receives  the^  housi  pipes  ^ 

of  a  system     (See  Bailey  Denton's  5a»i^ary  information  on  this  and 

*  See  Mr.  Will, am  Eassie's  Healthy  Houses  (2nd  eilition)  lor  uiut,i 


CONNECTION  OF  HOUSE  PIPES  WITH  DKAINS— CLEANSING.  365- 


Connection  of  House  Pipes  loith  the  Drains. — It  is  customary  to  commence- 
the  drains  at  the  basement  of  the  house,  and  the  sink  and  closet  pipes  pass 
down  inside  the  house  and  join  on,  a  water-trap  being  placed  at  the  junction.^ 
As  the  aspiratory  power  of  the  warm  house  is  then  constantly  tending  to  draw 
air  through  the  water-trap,  and  as  the  trap  is  liable  to  get  out  of  order,  it  is 
most  desirable  to  alter  this  plan.  The  drains  should  end  outside  the  house, 
antl  as  far  as  possible  every  house  pipe  should  pass  outside  and  not  inside  or- 
between  walls  to  meet  the  drain.  The  object  of  this  is  that  any  imperfection 
in  the  pipe  should  not  allow  the  pipe  air  to  pass  into  the  houses.  At  the 
junction  of  the  house  pipe  and  drain,  there  should  not  only  be  a  good  water- 
trap,  but  also  complete  ventilation  and  connection  with  the-  outside  air  at 
the  point  of  junction.  The  rule,  in  fact,  should  be,  that  the  union  of  any 
house  pipe  whatever  with  the  outside  drain  should  15e  broken  both  by  water- 
and  by  ventilation.  In  addition,  it  should  be  a  strict  rule,  that  no  drain 
pipe  of  any  kind  should  pass  under  a  house ;  if  there  must  be  a  pipe  passing 
from  front  to  back,  or  the  reverse,  it  is  much  better  to  take  it  above  the 
basement  floor  than  underneath,  and  to  have  it  exposed  throughout  its  course. . 
In  such  a  case  it  ought  to  be  of  cast-iron,  as  already  mentioned.  It  is  hardly 
possible  to  insist  too  much  on  the  importance  of  this  rule  of  disconnection.; 
between  house  j)ipes  and  outside  drains.  Late  events  have  shown  what  a 
risk  the  richer  classes  in  this  country  now  run,  who  not  only  bring  the  sewers 
into  the  houses,  but  multiply  water-closets,  and  often  put  them  close  to  bed- 
rooms.   The  simple  plan  of  disconnection,  if  properly  done,  would  insure- 


Fig.  76.— Jenning's  Access-pipe.         Fig.  77.— Stiff's  Access-pipe  au^ 


Junction. 


Fig.  78. — Doultou  and  Watt's  Access-pipe. 

them  against  the  otherwise  certain  danger  of  sewer  air  entering  the  house... 
Houses  which  have  for  years  been  a  nuisance  from  persistent  smells  have 
been  purified  and  become  healthy  by  this  means. 

Cleansing  of  Pipes  and  Drains.— I'i^es  are  cleaned  by  flexible  bamboo  or 
jointed  rods  with  screws  and  rollers  to  loosen  sediment.  The  safest  plan  of 
cleaning  drains  is  from  man-holes,  the  drains  being  laid  in  straight  lines  from 
man-hole  to  man-hole.  By  this  means  obstructions  are  easily  detected  and  re- 
kindred  subjects.  Some  of  the  drawings  given  here  have  been  copied  from  Mr.  Eassie's  work 
by  his  permission  ;  reference  may  also  be  made  to  Sanitary  Arrangements  for  DwelUnas 
the  same  author.  ^  ^.  ^  yo,  iiy 

1  Builders  are  always  anxious  to  conceal  tubes,  and  thus  carry  them  inside  the  walls  or  in 
the  case  of  hollow  walls,  between  the  two.  The  consequence  is  that  any  escape  of  air  must  be 
into  the  house.  The  leakage  of  a  closet  pipe  carried  down  in  a  hollow  wall  often  coustantlv 
contammates  the  air  of  the  house.  It  would  be  infinitely  better  to  run  the  pipes  at  once  tiirou  ah 
the  wall  to  the  outside.  Few  persons  have  any  idea  of  the  carelessness  of  plumbers'  worl-  "^nf 
the  bad  junctions,  and  of  the  rapidity  with  which  pipes  get  out  of  order,  and  decay  WIipu 
leaden  pipe  carrying  water  is  led  into  a  water-closet  discharge  pipe,  it  is  fiequentlv  si>m  i!- 
puttied  in,  and  very  soon  the  dried  putty  breaks  away,  and  there  is  a  complete  leak^p■P  r^  •  ^  •^ 
into  the  house.  Even  if  well-joined,  the  lead  pipe  will,  it  is  said,  contract  and  exmnd  n^?i 
thus  onemngs  are  at  last  formed.  Dr.  Fergus  of  Glasgow  and  Dr.  N.  Carmicliael  hnvv.  '  .  , 
particular  attention  to  this,  in  the  case  of  lead  closet  pipes,  which  become  easil  nei  fc  i^ 
and  which  have  only  a  limited  duration  of  wear  t^asuj  peiiouited, 
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Fig.  79.— Field's  Flush  Tank. 


moved.  The  nse  of  movable  caps  runs  the  risk  of  leakage,  it  being  difficult  to 
make  the  drain  water-tight  again  after  removing  the  cap,  but  with  care  such 

caps  (see  figs.  75  to  77)  are  useful  with  small 
pipes,  where  man-holes  cannot  be  employed. 
Drain  pipes  should  also  be  cleared  out  by 
regular  flushing,  carried  out  not  less  often  than 
once  a  month.  This  is  best  done  by  means* 
an  automatic  apparatus  such  as  Field's  flush 
tank  (fig.  79).  By  regulating  the  flow  of 
water,  it  may  be  made  to  empty  itself  as  often 
as  necessary. 

Laying  of  Drains. — They  should  be  laid  very 
carefully  on  concrete  in  all  soils.  Sometimes, 
in  very  loose  soils,  even  piling  for  the  depth  of 
a  foot  must  be  used  besides  the  concrete. 
When  pipes  are  not  laid  on  a  good  foundation,  leakage  is  sure  to  occur 
sooner  or  later,  and  the  final  expense  is  far  more  than  the  first  outlay  would 
have  been.  The  greatest  care  must  be  taken  in  laying  and  joining  the  pipes, 
and  in  testing  them  afterwards  to  make  sure  they  are  water-tight.  In  a  wet 
soil,  a  good  plan  is  to  have  a  firm  basis,  or  invert  block,  which  is  itself 
perforated  to  carry  off  subsoil  water,  and  to  put  the  drain  over  this,  as  in 
he  plan  of  Messrs.  Brooke  and  Son  of  Huddersfield  (see  fig.  92.) 

The  "junction"  of  pipes  is  accomplished  by 
special  pipes,  known  by  the  names  of  single  and 
double  squares,  curved  or  oblique  junctions,  ac- 
cording to  the  angle  at  which  one  pipe  runs  into 
the  other.  The  square  junctions  are  undesirable, 
as  blockage  will  always  occur,  and  the  oblique 
junctions  should  be  insisted  upon.  When  one 
pipe  opens  into  another,  a  taper  pipe  is  often  used ; 
)'^^^^  1  the  calibre  being  contracted  before  it  enters  the 
Fig.  80— Junctions.         receiving  pipe.    All  jointing  must  be  in  good 
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cement,  unless  special  patent  joints  (such  as  Stanford's)  are  used.  Clay 
jointing  is  wholly  inadmissible. 

Fall  of  Drain  Pipes.— I  in  30  for  4-inch  drains,  and  1  m  40  for  6-inch  ; 
or  roughly,  for  small  drains  1  inch  per  yard. 

House-Traps.— k.^  the  traps  are  usuaUy  the  only  safeguard  against  the 
warm  house  drawing  sewer  air  into  it,  the  utmost  attention  is  necessary  to 
insure  their  efficiency.  There  is  almost  an  infinite  diversity,  but  they  can 
be  conveniently  divided  into  the  siphon,  the  midfeatlier,  the  fiaj^-trajo,  and 

the  hall-trap.  ,       -,  ,     j.  i  •  i 

The  siphon  is  a  deeply-curved  tube,  the  whole  of  the  curve  being  always 
full  of  water  It  is  a  useful  trap,  and  efficient  if  the  curve  is  deep  enough, 
so  that  there  is  a  certain  depth  of  water  (not  less  than  |  inch)  standing  above 
the  hio-hest  level  of  the  water  in  the  curve,  and  if  the  water  is  never  sucked 
out  ofit,  and  if  the  pipe  is  not  too  small,  so  that  the  water  is  carried  away, 
when  it  runs  full,  by  the  siphon  action  of  the  pipe  beyond.  If  two  siphons 
succeed  each  other  in  the  same  pipe,  without  an  air  openmg  between,  the  one 

will  suck  the  other  empty.  ,    .  o«„ovo 

TY,^  midfeather  is  in  principle  a  siphon;  it  is  merety  a  round  or  square 
box,  with  the  entry  at  one  side  at  the  top,  and  the  discharge  pipe  at  a 
corresponding  height  on  the  opposite  side,  and  between  them  a  partition 
reaching  below  the  lower  margin  of  both  pipes.  Water  of  course,  stands  m 
the  box  or  receptacle  to  the  height  of  the  discharge,  and  therefore  the  partition 
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is  always  to  some  extent  under  water.  The  extent  should  not  be  less  than  f  of 
an  inch.  Heavy  substances  may  subside  and  collect  in  the  box,  from  which 
they  can  be  removed  from  time  to  time ;  but  as  ordinarily  made,  it  is  not  a 
good  kind  of  trap,  as  it  favours  the  collection  of  deposit,  and  is  not  self -cleaning. 
The  common  ball-trap,  with  its  modifications,  is  a  variety  of  the  midfeather- 
trap,  but  it  is  so  ineflacient  that  it  ought  to  be  given  up.  The 
best  kind  of  sink  trap  is  the  simple  siphon,  with  a  screw  cap  by 
which  to  clean  it  (fig.  81). 

The  flap  is  used  only  for  some  drains,  and  is  merely  a  hinged 
valve  which  allows  water  to  pass  in  one  direction,  but  which  is 
so  hung  as  to  close  afterwards  by  its  own  weight.  It  is 
intended  to  prevent  the  reflux  of  water  into  the  secondary 
drains,  and  is  supposed  to  prevent  the  passage  of  sewer  gas. 
But  it  is  probably  a  very  imperfect  block. 

The  hall-trap  is  used  in  some  special  cases  only ;  a  ball  is 
lifted  up  as  the  water  rises,  until  it  impinges  on  and  closes  an  -pig.^i  —Siplion 
orifice.    It  is  not  a  very  desirable  kind.  Sink  Trap,  with 

However  various  may  be  the  form  and  details  of  the  water-  ^'^^^'^ 
trap,  they  can  be  referred  to  one  or  other  of  these  patterns.  °  eanmg. 

Efficiency  of  Traps. — Water  should  stand  in  a  trap  at  least  f  of  an  inch 
above  openings,  and  it  should  pass  through  sufficiently  often  and  with 
suflicient  force  to  clear  it.  An  essential  conditio  a  of  the  efficiency  of  all 
traps  is  that  they  should  be  self-cleansing.  Many  traps  are  so  constructed  • 
that  no  amount  or  velocity  of  water  can  clear  them.  Such  traps  are  the 
common  mason's  or  dip-trap  (fig.  82),  and  the  notorious  D  trap,  (fig.  83),  both 


Fig.  83.— D  Trap.  Bad 
form  of  Trap. 


Fig.  82. — Common  Mason's  or 
Dip-trap.    Bad  form  of  Trap. 

of  which  are  simply  cesspools,  and  could  never  be  cleaned  without  being 
opened  up.  Such  traps  ought  to  be  unhesitatingly  condemned.  Traps  are 
often  ineffective, — Ls^,  From  bad  laying,  which  is  a  very  common  fault.  2nd, 
From  the  water  getting  thoroughly  impregnated  '  with  sewer  effluvia,  so  that 
there  is  escape  of  effluvia  from  the  water  on  the  house  side.  3rc^,  From  the 
water  passing  too  seldom  along  the  pipe,  so  that  the  trap  is  either  dry  oi- 
clogged.  _  Uh,  From  the  pipe  being  too  small  (2  or  3  inches  only),  and  "running 
full,"^  which  will  sometimes  suck  the  water  out  of  the  trap  ;  it  usually  occurs 
in  this  way,  as  frequently  seen  in  sink  traps  :  the  pipe  beyond  the  trap  has 
perhaps  a  very  great  and  sudden  fall,  and  when  it  is  full  of  water  it  acts 
like  a  siphon,  and  sucks  all  the  water  out  of  the  trap  ;  to  avoid  this,  the  pipe 
should  be  large  enough  to  prevent  its  running  full,  or  the  trap  should  be  of 
larger  calibre  than  the  rest  of  the  pipe.  This,  however,  will  not  always  pre- 
vent it,  0.9,  even  6-inch  pipes  have  sometimes  sucked  a  siplion  dry.  The 
question  has  lately  been  very  carefully  investigated  in  America,  by  Messrs. 
Philbrick  and  Eowditch,i  whose  report  has  shown  the  danger  of  unsiphon- 

^  The  Sanitary  Engineer,  vol.  vi.  p.  264,  1882  {New  York).    "The  Synhonasyp  nn.l 
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ing  which,  small  pipes  are  exposed  to.    The  remedy  appears  to  be  to  introduce 
an  air-vent  at  the  crown  of  the  trap  (see  fig.  84),  and  not  to  have  too  small  a 
pipe,  especially  when  several  pipes  unite  in  one  general  waste.    The  experi- 
ments also  showed  how  unsiphoning  might  take 
place  from  the  pressure  descending  water  from 
upper  floors,  so  that  air  might  be  forcibly  driven 
into  the  house  when  upper  closets  or  sinks  were 
used.    6th,  Traps  may  perhaps  be  inefficieiit  from 
the  pressure  of  the  sewer  air,  combined  with  the 
aspirating  force  of   the  house  displacing  the 
water,  and  allowing  the  air  uninterrupted  com- 
munication between  the  sewer  and  the  house. 
The  extent  of  the  last  danger  cannot  be  pre- 
cisely stated.     From  a  long  series  of  observa- 
tions on  the  pressure  of  the  air  in  the  London 
sewers,  Dr.  Burdon-Sanderson  ascertained  that, 
in  the  main  sewers,  at  any  rate,  the  pressure  of 
the  sewer  air,  though  greater  than  that  of  the 
atmosphere,  could  never  displace  the  water  in 
a  good  trap.    In  a  long  house  drain  which  got 
clogged,  and  in  which  much  development  of 
gaseous  effluvia  occurred,  there  might  possibly 
rv"-  ^  o        for  a  time  a  much  greater   pressure,  but 
Fi.  84 -Siphon  Closet  Basins  whether  it  would  be  enough  to  force  the  water 
with  ventilating  pipes.    A,  back,  with  or  without  the  house  suction,  has 
Soil  pipe  passmg  up  above  the  experimentally  determined.  Dr. 

Sdia'fvEatLl'  Pi?e  NeiU  Carmichael  has  shown  that  water  siphon 
(also  passing  up  ahove  eaves  traps  act  efficiently  SO  long  as  they  are  not 
with  open  top)  to  prevent  suck-  tie,;^  ^ny  siphon  action  beyond.  But 
ing  of  the  siphon.  the  reasons  already  given  show  that  we  ought 

not  to  place  dependence  solely  on  traps,i  though  they  are  useful  adjuncts 
In  arranging  the  house  pipes,  the  sink  and  waste-water  pipes  must  not  be 
carried  into  the  closet  soil  pipes,  but  must  empty  m  the  open  au-  over  a  grat- 


B 


Fig.  85.— Pipes  open- 
ing above  Grating 
and  Trap. 


Yia-  86.— Disconnecting  and  Venti- 
lating Drain  Trap,  No.  2,  Buchan's 
Patent. 


Fig.  87.— Sim- 
ple GuUey 
Trap, 


•     2  Qpp  ficT  85    In  the  case  of  soil  or  water-closet  pipes  there  must  be  also  a 

 ~  „  o,.+Jr.if.a  to  deal  with  :  they  should  be  treated 

1  "  Honestly  speaking,  traps  are  dangerous  aiticles  to  ,  y 

merely  as  auxiliaries  to  a  good  dranmge  «y^f     ~X  i  gcessary  to  can-y  the  pipe  immediately 
•2  For  the  sake  of  appearance  m  f       ^.^^^'^  f^^to^^^  obstruct  ttie  free  communis 

tmder  the  grating,  but  care  must  bo  taken  that  notnm^ 
cation  with  the  open  air  through  the  grating. 
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A  good  simple  form  is  Buchau's  trap  (fig.  86).  A  good  form  of  man-hole 
is  Mr  Eogers  Field's  (see  figs.  88  to  90). ^  Prof essor  Reynolds  2  has  suggested 
an  arrangement  which  seems  fairly  good  and  simple. 

Disconnecting  Man-hole. 

Perforated  Iron  Door. 


Frmn  House. 


Cleaning  Branch 
To  Sewer, 


Fig.  88. — Longitudinal  Section. 


Fig.  89.— Plan. 


Fig.  90.— Cross  Section. 


A  simple  trap  is  made  by  inserting  a  pipe  in  the  centre  of  a  siphon,  and 
carrying  this  pipe  to  the  surface,  or  higher  if  considered  desirable.  It  is,  how- 
ever, apt  to  be  clogged  with  grease,  faeces,  and  other  light  matter  rising  into  the 
pipe.  There  are  various  simHar  arrangements.  The  "  Somerset  Patent  Trap," 
designed  by  Mr.  Honeyman,  and  much  used  at  Glasgow,  is  a  midfeather-trap 
with  an  air-shaft  on  each  side  the  partition ;  on 
<3n§  side  the  shaft  veutilates  the  pipe  leading 
to  the  sewer,  on  the  other  allows  fresh  air  to 
pass  into  the  house  jDipe.  This  second  shaft 
also  allows  the  trap  to  be  cleaned. 

Pain-water  pipes  are  sometimes  used  to 
ventilate  drains,  but  independent  of  their 
small  size,  which  often  leads  to  blockage,  they 
are  often  full  of  raiu,  and  cannot  act  at  the 
time  when  ventilation  is  most  required.  They 
are  also  apt  to  dehver  sewer  gas  into  garret 
windows.  The  plan  is  objectionable,  and  ought 
to  be  abandoned. 

A  good  form  of  disconnecting  trap  for  sink 
ana  slop  waters  is  Dean's,  which  has  a  movable 
bucket  for  removing  deposit  (fig.  91). 

In  yards,  gully  traps  of  different  kinds  are  used,  the  action  of  which  will 
be  at  once  understood  from  the  drawing  (fig.  87). 

Mr  Rpl^  frl:  ^^^^"^'f  ^y^-Ld'Ws  for  Uppingham,  with  later  improvements. 
l^^^^^      several  valuable  suggestions. —[F.  de  C] 

M^uta^rSd  elt?o^°i872''''°°'^'''  Engineering  at  Owens  College, 

2  A 


Fig.  91.— Dean's  Gully  Trap. 
Handle  of  movable  bucket. 


I  am  indebted  to 
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Examination  of  House  Pipes  and  Traps. 

Pipes  and  traps  are  generally  so  covered  in  that  they  ^^rsk^rtilT^^^^^^^^^ 
hilt  this  is  a  had  arrangement.    If  possihle,  all  cover  and  bkirtmg  boards 

"^7-  rT  flT  wStrirwater  runs  away  at  once,  or  if  there  is  any  check. 

'         that  cS  done  inside  the  house;  hut  though  the  pipe  cannot  he 
This  IS  all  that  can  be  aone  m  ,  ^^^^^ 

.id  ^^^-^^^^'^^^iX^^^  CdTa  luld  also  be  blocked  and 


Main  Setvers. 


The  outside  house  drain  ends  in  y^-^  *t  3  - -^^^^^^^ 
drains,  and  which  >s  ol  ^^l^l-^^J^Z'ZZ::  pipes  tam  16  to  24 

"  ^  moulded  in  proper  curved  shape  and  set  m 
Portland  cement,  or  stoneware  bricks  are  parUy 
used    The  shape  now  almost  umversally  given 

  except  in  the  largest  outfall  part,  is  that  of  an  egg 

r?^:^.u>ed  S  the  small  end  downwards.  Engmeers  take 
'"fi^&^S  sJS-ilPipe.     ^y^^       test  care  with  *e«^,  l=°*/™rvieS 

„e  most  solidl.  V^^^f^^^  thtTuSn 
hed.    Much  discussion  has  taken  place  as  to  t  ^  ^.^^^^^  ^^^^ 

complicated  All  other  sewers,  however, 

any  fixed  rule,  at  l«ast     «  ar  r  seH-cleansmg. 

should  be  ™aU,  and  mth  such  M^^^^^^^  ^^jt^  ^  '^8"'f.'^ ' 

Somsrs  should  be  laid  in  as  straifeni  iin        ^        obliquely  ;  and  if  the 

JXy  -wers  should  not  enter  a^^^^^^^^^^  ^^^^  t2an  %  times  the 

^wer  curves,  the  iad'U«  f  *be  cu^^^  Sometimes  there  is  an  arrangement  for 
cross  sectional  diameter  <>"^;  the  plan  proposed  by  Mr.  Brooks 

TObsoil  drainage  under  a  pipe  drain,  as  11        f  according  to 

Cfall  for  street  drains  «J  usuaUy  *?>°'  J^^/^hould  in  no  case  be  less  than 
the^L  of  the  drain.    The  L„^e  drain,  the  fall  should  be 
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Access  to  Sewers, 

It  is  of  importance  that  to  all  sewers  capable  of  being  entered  by  a  man 
there  should  be  an  easy  mode  of  access.  Man-holes  opening  above,  or,  what 
is  better,  at  the  side,  should  be  provided  at  such  frequent  intervals,  that  the 
sewers  can  be  entered  easily  and  inspected  at  all  points.  The  man-holes  are 
sometimes  provided  with  an  iron  shutter  to  prevent  the  sewer  air  passing  into 
the  street,  or  by  the  side  of  the  man-hole  there  may  be  a  ventilating  chamber.i 

Galculation  of  Discharge  from  Sewers."^ 

_  Several  formulae  have  been  given,  of  which  the  following  is  the  most 
simple : — 

V  =  55x(n/Dx2F). 

V  =  velocity  in  feet  per  minute. 
I)  =  hydraulic  mean  depth. 

F  =  fall  in  feet  per  mile. 

Then,  if  A  =  section  area  of  current  of  fluid,  VA  =  discharge  in  cubic  feet 
per  minute. 

To  use  this  formula,  the  hydrauHc  mean  depth  when  the  sewage  is  flowing 
and  the  amount  of  fall  in  feet  per  mHe,  must  be  first  ascertained.  The  hydraulic 
mean  depth  is  |th  the  diameter  in  circular  pipes;  in  pipes  other  than 
circular,  it  is  the  section  area  of  current  of  fluid  divided  by  the  wetted 
perimeter.  The  wetted  perimeter  is  that  part  of  the  circumference  of  the  pipe 
wetted  by  the  fluid.    The  faU  in  feet  per  mile  is  easily  obtained,  as  the  fall 

S'^Sw'tf  ?'*T.*+i!'^*^'''/  «  t™^'  and  then  set  them  free  suddenly 

1  ^         T  "ff"*  °'      'P"'^^^^  arrangements,  such  as  Field's  flush-tank  ^ 
Mr.  Ealdvvm  Latham  joms  the  sewers  in  man-holes,  so  that  if  one  is  blocked  another  mav 

be  used  ;  the  outlet  being  at  the  lower  level.  "luv^iiBu  anoiner  may 

2  The  following  table,  taken  from  Mr.  Wicksteed,  wUl  be  found  useful 

Sewers. 

Velocity 
in  feet  per 
minute. 
240 
220 
220 
220 
210 
180 
180 
180 
180 
180 
180 

180      .  . 


Diameter. 

4  inches 

6 

8 

9 
10 
15 
18 
21 
24 
30 
36 
48 


Gradient 
required. 


j> 
)> 

3J 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


in 


36 
65 
87 
98 
119 
244 
294 
343 
392 
490 
588 
784 


Diameter  in 
inches. 


4 
6 

8 
9 

10 
12 


Eate  of  inclination  for  velocity  per  second. 


2  feet. 

3  feet. 

4  feet. 

1:194 

1:92 

1:53 

292 

137 

80 

389 

183 

106 

437 

206 

119 

486 

229 

133 

583 

275 

159 

5  feet. 
1:34 

51 

69 

77 

86 

103 


6  feet. 

1:24 
t.6 
48 
54 
60 
72 


sewer  to  wMch^hrcSatLa^^^^^^  length  of  the 

pipe  whose  diameter  is  4  inches,Then  6  x  24  =  144^f:;Us  tL  t S  S  the  sev?ci-  ''''^^  ' 
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in  50  or  100  or  200  feet  can  be  measured,  and  the  fall  per  mile  calculated 
(5280  feet  =1  mile). 

Movement  of  Air  in  the  Seioers  and  Ventilation. 

It  seems  certain  that  no  brick  sewer  can  be  made  air-tight;  for  on  account 
of  the  numerous  openings  into  houses,  or  from  leakage  through  brickwork,  or 
exit  through  gratings,  man-holes,  and  ventilating  shafts,  the  air  of  the  tubes 
is  in  constant  connection  with  the  external  air.    There  is  generally,  it  is 
believed,  a  current  of  air  with  the  stream  of  water  if  it  be  rapid.    The  tension 
of  air  in  main  sewers  is  seldom  very  different  from  that  of  the  atmosphere,  or 
if  there  be  much  difference  equilibrium  is  quickly  restored.    In  twenty- 
three  observations  on  the  air  of  a  Liverpool  sewer,  it  was  found  by  Drs. 
Parkes  and  Burdon-Sanderson,i  that  in  fifteen  cases  the  tension  was  less  in 
the  sewer  than  in  the  atmosphere  outside  {i.e.,  the  outside  air  had  a  tendency 
to  pass  in),  and  in  eight  cases  the  reverse  ;  but  on  the  average  of  the  whole 
there  was  a  slight  indraught  into  the  sewer.    In  the  London  sewers,  on  the 
other  hand,  Sanderson  noticed  an  excess  of  pressure  in  the  sewers. 

If  at  any  time  there  is  a  very  rapid  flow  of  water  into  a  sewer,  as  in  heavy 
rains  the  air  in  the  sewer  must  be  displaced  with  great  force,  and  possibly 
mav  force  weak  traps;  but  the  pressure  of  air  in  the  sewers  is  not  appreciably 
affected  by  the  rise  of  the  tide  in  the  case  of  seaboard  towns.  ^  The  tide  rises 
slowlv  and  the  air  is  displaced  so  equably  and  gradually  through  the  nume- 
rous apertures,  that  no  movement  can  be  detected.  It  is  not  possible,  there- 
fore, that  it  can  force  water-traps  in  good  order,  when  there  are  sulhcient 

ventilating  apertures.  .  t,  ■  <• 

On  the  contrarv,  the  blowing  off  of  steam,  or  the  discharge  of  air  from  an 

air-nump  (as  in  some  trade  operations),  greatly  heightens  the  pressure,  and 

miXt  drive  air  into  houses.    So  also  the  wind  blowing  on  the  mouth  of  an 

open  sewer  must  force  the  air  back  with  great  force. 

It  is  therefore,  important  to  protect  the  outfall  mouth  of  the  sewer  against 

wind  bl  means  of  a  flap,  and  to  prohibit  steam  or  air  being  forced  mto  sewers 
To  how  great  an  extent  it  is  the  openings,  into  houses  which  thus  reduce 

the  tension  of  the  air  in  m^in  sewers  is  difficult  to  say,  but  there  can  be  little 

doubt  that  a  large  effect  is  produced  by  houses  which  thus  act  as  ventilatmg 

'^When  a  sewer  ends  in  a  cul-de-sao  at  a  high-level,  sewer  gas  will  rise  and 
prers  with  some  force  ;  at  least  in  one  or  two  cases,  the  opemng  of  such  a  ml- 
has  been  followed  by  so  strong  a  rush  of  air  as  to  show  that  there  had 
tlucoZ^l^l^  tension.  It  is  also  highly  probable,  from  the  way  m  which 
houserstauding  at  the  more  elevated  parts  of  sewers,  and  _  communicating 

rrfhem  a  e  annoyed  by  the  constant  entrance  of  sewer  air,  while  houses 
bl  d  wn  esc^^^^^^^^^^    --e  of  the  gases  may  rise  to  the  higher  levels 

ThatTo  sewer  i^  air-tight  is  certain,  but  the  openmgs  through  which  the 
.ir  escapes  arToften  those-we  should  least  desire.  It  is  therefore  absolutely 
air  escapes  ^  ^  ^  ^  entrance  of  fresh  air,  and  not 

necessary  to  provide  means  ot  exi^  sewer  should  be  placed  in  the 

'fliZtntSC^r  the  external  air,  by  making  openings  at  every 
most  constant  connection  w  I  London  there  are  numerous 

point  -^^-^Z  tV^^Llt  t^^  th  streets,  and  this  plan,  simple  and 
■borougli  was  confirmatory. 
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are  not  too  narrow.  But  in  narrow  streets  tlie  sewer  gratings  often  become  so 
oflfensive  that  the  inhabitants  stop  them  up.  In  such  cases  there  must  be 
ventilating  shafts  of  as  large  a  diameter  as  can  be  afforded,  and  running  up 
sufficiently  high  to  safely  discharge  the  sewer  air.^  In  some  of  these  cases 
it  may  be  possible  to  connect  the  sewers  with  factory  chimneys.  ^  The  sewer 
should  never  be  connected  with  the  chimneys  of  dwelling-houses. 

In  making  openings  in  sewers  it  seems  useless  to  follow  any  regular  plan. 
The  movement  of  the  sewer  air  is  too  irregular  to  allow  us  to  suppose  it  can 
ever  be  got  to  move  in  a  single  direction,  though  probably  the  most  usual 
Course  of  the  air  current  is  with  the  stream  of  water,  if  this  be  rapid.  The 
openings  should  be  placed  wherever  it  can  conveniently  be  done  without  creat- 
ing a  nuisance.  Some  of  these  openings  will  be  inlets,  others  outlets,  but  in 
any  case  dilution  of  the  sewage  effluvia  is  sure  to  be  obtained.  Mr.  Eawlinson 
considers  that  every  main  sewer  should  have  one  ventilator  every  100  yards, 
or  18  to  a  mile,  and  this  should  be  a  large  effective  opening.^ 

But  there  may  be  cases  when  special  appliances  must  be  used.  For  ex- 
ample, in  what  are  called  "  sewers  of  deposit,"  as  when  the  outflow  of  the 
sewer  water  is  checked  for  several  hours  daily  by  the  tide  or  other  causes,  it 
may  be  necessary  to  provide  special  shafts,  and  the  indication  for  this  will  be 
the  evidence  of  constant  escape  of  sewer  air  at  particular  points 

The  use  of  charcoal  trays  has  not  answered  the  expectations  that  were 
formed  of  them. 

Inspection  of  Sewers. 

The  inspection  of  sewers  is  in  many  towns  a  matter  of  great  difficulty,  on 
account  of  the  means  of  access  being  insufficient,  and  also  because  the  length 
of  the  sewers  is  so  great.  Still  inspection  is  a  necessity,  especially  in  the  old 
flat  sewers,  and  should  be  systematically  carried  out,  and  a  record  kept  of  the 
depth  of  water,  the  amount  of  deposit,  and  of  sewer-slime  on  the  side  or  roof. 

Choking  of  and  Deposits  in  Sewers — Causes. — Original  bad  construction; 
too  little  fall ;  sharp  curves  ;  sinking  of  floor ;  want  of  water  ;  check  of  flow 
by  tides,  so  that  the  heavy  parts  subside. 

,  Well-made  sewers  with  a  good  supply  of  water  are  sometimes  self -cleansing, 
and^  quite  free  from  deposit,  but  this  is,  unfortunately,  not  always  the  case. 

Even  in  so-called  self-cleansing  sewers,  it  has  been  noticed  by  Mr.  Eawlinson 
that  the  changing  level  of  the  water  in  the  sewers  leaves  a  deposit  on  the 
sides,  which,  being  alternately  wet  and  dry,  soon  putrefies.  In  foul  sewers  a 
quantity  of  slimy  matter  collects  on  the  crown  of  the  sewers  ;  it  is  sometimes 
2  to  4  inches  in  thickness,  and  is  highly  offensive.  When  obtained  from  a 
Liverpool  sewer  by  Dr.  Parkes  and  Burdon-Sanderson,  it  was  found  alkaline 
from  ammonia  and  containing  nitrates.*  On  microscopic  examination,  this 
Liverpool  sewer-slime  contained  an  immense  amount  of  fungoid  growth  and 
Bacteria,  as  well  as  some  Confervce.  There  were  also  Acari  and  remains  of 
other  animals  and  ova. 

1  In  Liverpool  there  were  small  shafts  with  Archimedean  screws  at  the  top.  From  the 
oDseryations  of  Sanderson  and  Parkes,  it  appears  that  these  screws  did  act,  but  not  to  such  an 
extent  as  to  ^yarrant  the  expense. 

2  It  seems  inadvisable  to  erect  chimneys  and  use  fires  with  an  idea  of  ventilating  the  sewers 
on  a  general  plan,  the  air  would  simply  be  drawn  with  great  force  through  the  nearest  open- 
thfng  ventilation  by  a  factory  chimney,  when  gratings  cannot  be  used,  is  a  diiferent 

Others  have  recommended  1  in  50  yards. 

Report  on  the  Sanitary  State  of  Liverpool,  by  Drs.  Parkes  and  Burdon-Sanderson  1871 
ine  amount  of  free  ammonia  was  "025  parts  per  cent.  ;  the  albuminoid  ammonia  was  •00469 

;rtle\umlTnS  report'"'^  ^^^^^^-P^^  «f      microscopic  appearances 
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When  deposits  occur,  they  are  either  removed  by  the  sewer-men,  or  they 
are  carried  away  by  flushing  of  water. 

Flushing  of  Beioers. — This  is  sometimes  done  by  simply  carrying  a  hose 
from  the  nearest  hydrant  into  the  sewer,  or  reservoirs  are  provided  at  certain 
points  which  are  suddenly  emptied.  The  sewer  water  itself  is  also  used  for 
flushing,  being  dammed  up  at  one  point  by  a  flushing  gate,  and  when  a 
sufficient  quantity  has  collected  the  gate  is  opened.^  An  automatic  system 
is  however  preferable,  such  as  is  carried  out  by  Field's  annular  siphon,  before 
mentioned. 

Almost  all  engineers  attach  great  importance  to  regular  flushing,  and 
almost  the  only  advantage  of  allowing  the  rain  to  enter  the  sewers  is  the 
scouring  efi'ect  of  a  heavy  rainfall  which  is  thus  obtained.  This,  however, 
is  so  irregular  that  it  is  but  a  doubtful  benefit. 

Disposal  of  the  Sewer  Water. 

The  great  engineering  skill  now  available  in  all  civilised  countries  can 
ensure  in  the  case  of  any  new  works  that  the  construction  of  sewers  shall  be 
perfect,  li  an  engineer  can  obtain  good  materials,  good  workmen,  and  a 
proper  supply  of  water,  there  is  no  doubt  that  sewers  can  be  so  solidly  con- 
structed and  so  well  ventilated  that  the  danger  of  deposits  in  the  sewers,  or 
of  sewer  air  entering  and  carrying  disease  into  houses,  is  removed. 

But  the  difiiculty  of  the  plan  of  removing  excreta  by  water  really  commences 
at  the  outfall.    How  is  the  sewer  water  to  be  disposed  of  ? 

This  difficulty  is  felt  in  the  case  of  the  foul  water  flowing  from  houses  and 
factories  without  admixture  of  excreta  almost  as  much  as  in  sewer  water  with 
excreta.  The  exclusion  of  excreta  from  sewers,  as  far  as  it  can  be  done, 
would  not  solve  the  problem — would,  indeed,  hardly  lessen  its  difficulty.  In 
seaboard  towns  the  water  may  flow  into  the  sea,  but  in  inland  towns  it  cannot 
be  discharged  into  rivers,  being  now  prohibited  by  law.  Independent  of  the 
contamination  of  the  drinking  water,  the  sewer  water  often  kills  tish,  creates 
a  nuisance  which  is  actionable,  and  in  some  cases  silts  up  the  bed  of  the 
stream.  It  requires  in  some  way  to  be  purified  before  discharge.  At  the 
present  moment  the  disposal  of  the  sewer  water  is  the  sanitary  problem  of 
the  day,  and  it  is  impossible  to  be  certain  which  of  the  many  plans  may  be 
finally  adopted.    It  will  be  convenient  to  briefly  describe  these  plans. 

1.  Storage  in  Tank,  with  Overflow. 
The  sewer  water  runs  into  a  cemented  tank  with  an  overEow-pipe,  which 
sometimes  leads  into  a  second  tank  similarly  arranged,  the  solids  subside,  and 
are  removed  from  time  to  time  ;  the  liquid  is  allowed  to  run  away.  Instead 
of  letting  the  liquid  run  into  a  ditch  or  stream,  it  has  been  suggested  to  take 
it  in  drain  pipes,  i  to  1  foot  under  ground,  and  so  let  it  escape  in  this  way 
into  the  subsoil,  where  it  wiU  be  readily  absorbed  by  the  roots  of  grasses. 
The  fat,  grease,  and  coarser  solids  may  be  intercepted  by  a  strainer,  and  daily 
removed  and  mixed  with  earth.  The  liquid  portions  may  be  discharged 
periodically  by  means  of  the  automatic  flush-tank.^  In  a  hght  soil  this  could 
no  doubt  be  readily  done ;  and,  if  the  drain  pipes  are  well  laid,  a  considerable 
extent  of  grass  land  could  be  supplied  by  this  subterranean  irrigation.  The 
tank  plants,  however,  only  adapted  for  a smallscale^such  as  a  single  house  or 

^  Baldwin  Lathan;  pints  out  that^ei^^ 
more  than  when  running  full.    A  good  fit  sh  ug  PO^.^^  "/'V.    •    .  •„ 

than  the  full  discharge.    Tables  are  given  in  Y^^^'f^'ZnX  Troar^^  of  PiMic  Health 
^  See  Mr.  Rogers  I'ield's  evidence,  Annual  Conference  on  the  i^rogress  oj  i  imxc  aeaum 

at  tlie  Society  of  Arts,  1880. 
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small  village,  and  there  should  be  ventilation  between  the  tank  and  the  house 
in  all  cases.  This  plan  is  applicable  to  the  disposal  of  slop-waters  in  villages, 
even  when  the  excreta  are  dealt  with  by  dry  methods. 

2.  Discharge  at  once  into  Running  Water, 

All  new  works  of  this  description  are  now  prohibited,  and  the  plan  will 
probably  ultimately  cease  in  this  country.  ^ 

3.  Discharge  into  the  Sea. 

The  outlet  pipe  must  be  carried  to  low  water,  and,  if  possible,  should  be 
always  under  water.  A  tide  liap  opening  outwards  is  usually  provided.  If 
not  under  water  constantly,  special  care  must  be  taken  to  prevent  the  wind 
blowing  up  the  sewers.  The  tide  will  fill  the  outfall  sewers  (which  are 
generally  made  large)  to  the  level  of  high  water,  and  to  that  extent  will 
check  the  discharge,  and  in  the  sewers  filled  with  the  mixed  sea  water  and 
sewage  there  will  be  deposit.  To  remove  this  special  attention  is  necessary. 
,  If  the  sewage  cannot  be  got  well  out  to  sea,  and  if  it  issues  in  narrow 
channels,  it  may  cause  a  nuisance,  and  may  require  to  be  purified  before  dis- 
charge. In  the  Rivers  Pollutions  Act  (1876)  power  is  given  to  prohibit  dis- 
charge into  the  sea  or  tidal  waters  under  certain  circumstances.  ^ 

4.  Precipitation. 

Another  plan  is  not  to  pour  the  whole  sewage  into  rivers,  but  to  precipitate 
the  solid  part,  or  the  greater  portion  of  it,  and  then  to  allow  the  liquid  to 
pass  into  the  stream  or  over  the  land. 

This  is  sometimes  don'e  by  simple  subsidence,  the  sewage  being  received 
into  settling  reservoirs  or  trenches,  with  strainers  to  arrest  the  flow  to  some 
extent.  When  the  solid  matter  has  collected  to  a  certain  amount,  the  sewage 
is  turned  into  another  reservoir,  and  the  thick  part,  being  mixed  with  coal 
refuse  or  street  sweepings,  is  sold  as  manure. 

The  thin  water  which  runs  off  must  be  almost  as  dangerous  as  the  sewage 
itself  when  poured  into  streams,  and  consequently  the  prohibition  to  discharge 
sewer  water  extends  to  it  also. 

1  When  the  sewer  water  passes  into  a  river  it  undergoes  considerable  purification  by  subsidence, 
by  the  influence  of  water  plants,  and  in  a  lesser  degree  by  oxidation.  Although  some  oxidation 
of  nitrogenous  organic  matters  into  nitrous  and  nitric  acids  and  ammonia  must  take  place,  it 
appears  from  Franklin's  experiments,^  that  in  the  River  Irwell,  which  receives  the  sewage  of 
Manchester,  after  a  run  of  11  miles,  and  falling  over  six  weirs,  there  is  no  formation  of  nitrites 
and  nitrates,  and  there  is  even  an  increase  in  the  organic  nitrogen  (?),  though  the  suspended 
matters  are  less  (from  2*8  to  1-44  parts  per  10,000)  than  at  first.  Average  London  sewage 
diluted  with  9  parts  of  water  and  siphoned  from  one  vessel  into  another  so  as  to  represent  a 
flow  of  96  and  192  miles,  gave  a  percentage  reduction  in  the  organic  nitrogen  of  28-4  and  33-3 
respectively.  The  oxidation  of  sewage  appears,  then,  from  these  experiments,  to  take  place 
slowly.  Dr.  Letheby  considers,  however,  that  oxidation  takes  place  more  rapidly,  and  that  if 
sewage  IS  mixed  with  20  times  its  bulk  of  water,  and  flows  for  9  miles,  it  will  be  perfectly 
oxidi8ed.2  01  course,  it  is  clear  that  ova,  and  solid  parts  of  the  body,  like  epitlielium,  might 
be  totally  unchanged  for  long  periods,^  and  we  may  conclude  that  oxidation  of  sewage  in 
running  water  cannot  be  depended  on  for  perfect  safety. 

T^^'^  "  stream  "  (into  which  sewage  is  not  to  be  passed)  is  defined  by  section  20  of 
the  Act,  thus  :—"  Stream  includes  the  sea  to  such  extent  and  tidal  waters  to  such  point,  as 
may,  after  local  inquiry  and  on  sanitary  groimds,  be  determined  by  the  Local  Government 
Eoard,  by  order  published  in  the  London  Gazette.  Save  as  aforesaid,  it  includes  rivers, 
streams,  canals,  lakes,  watercourses,  other  than  watercourses,  at  the  passing  of  this  Act 
mainly  used  as  sewers,  and  emptying  directly  into  the  sea  or  tidal  waters,  which  have  not 
been  determined  to  be  streams  within  the  meaning  of  this  Act  by  such  order  as  aforesaid." 

\  Reports  of  the  CommUsioners  appointed  to  inquire  into  the  Pollution  o/iJj'm-.'!,  1870,  vols  1  il  nnd  lit 
.  R'^Po^^' of  East  I^ndon  Water  IHll  Committee  {im), -p. '^Z0,(xncstions12,'2-4  •  •  ».  aim  ui. 

•trnn»i?t!?IT'''^,'"fo^>'""^'^'  Pii'kes  fo"!"!  unchanged  epithelium  in  unflltered  Thames  water  after  a 
TecoJnii"bie  ""'^ ^''P'"^'  transparent  and  woTn,  but  quite 
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In  Order  to  produce  greater  purification,  the  sewage  in  the  suhsiding  tanks 
now  usually  mixed  with  some  chemical  agents  which  may  precipitate  the 
suspended  matters. 

Numerous  substances  have  been  employed  as  precipitants.^ 

Lime  Salts. — Quicklime  (proportion  8  to  12  grains  per  gallon),  or  1  ft  of 
lime  for  600  gallons  of  sewage  (nearly) ;  chloride  of  lime,  which  is  added  to 
quicklime  in  the  proportion  of  about  j\jth  part  of  chloride  to  1  of  lime;  calcic 
phosphate  dissolved  in  sulphuric  acid,  or  a  mixture  of  mono-  and  di-calcic 
phosphate  with  a  little  lime  (Whitthread's  patent),^  are  said  to  be  good  pre- 
cipitants.    Chloride  of  calcium  has  also  been  recommended. 

Aluminous  Siohstances. — Aluminous  earth  mixed  with  sulphuric  acid  (Bird's 
process)  ;  impure  sulphate  of  aluminum  (Anderson's  and  Lenk's  processes); 
refuse  of  alum  works,  either  alone  or  mixed  with  lime  or  charcoal;  clay  mixed 
with  lime  (Scott's  cement  process) ;  natural  phosphate  of  aluminum  dissolved 
by  sulphuric  acid  and  mixed  with  lime.  In  all  these  cases  the  amount  of  the 
substance  added  is  from  50  to  80  grains  per  gallon  of  sewer  water. 

Magnesian  Salts  mixed  with  lime  in  the  form  of  superphosphates  (Blyth)  ; 
impure  chloride  of  magnesium. 

Carbon  in  the  shape  of  vegetable  charcoal ;  peat ;  sea- weed  charcoal ;  car- 
bonised tan ;  lignite ;  Boghead  coke. 

Iron  in  the  shape  of  sulphate  ;  perchloride  (Ellerman's  and  Dale's  liquid); 
the  sulphate  is  sometimes  mixed  with  lime  and  coal  dust. 

Manganese. — Condy's  fluid. 

Zinc  sulphate  and  chloride. 

The  deposit  obtained  from  any  of  these  processes  is  collected  and  dried. 
It  is  usually  dried  on  a  hot  floor,  a  stream  of  hot  air  being  allowed  also  to 
pass  over  it.    There  is  some  little  difficulty  in  drying  it,  but  this  is  now  being 
overcome.    Of  these  various  precipitants  the  best  appear  to  be  the  aluminous 
preparations ;  the  crude  sulphate  of  aluminum  prepared  by  Dr.  Anderson  of 
Coventry  ;  the  solution  patented  by  Mr.  Lenk ;  the  A  B  C  process  of  Mr. 
Sillar,  which  consists  of  alum,  blood,  charcoal,  and  clay;^  and  Mr.  Forbes 
sulphuric  acid  solution  of  natural  phosphate  of  aluminum.    All  produce  rapid 
subsidence  of  the  suspended  matters,  and  clarify  the  liquid  to  a  very  great 
extent.    The  sulphuric  acid  also  tends  to  prevent  decomposition  of  the  deposit. 
In  usincT  these  substances  the  sewage  water  is  received  into  a  tank  or  well,  and 
there  or  on  its  way  thither,  receives  the  precipitating  agent,  which  is  generally 
mixed  by  means  of  a  screw  or  turbine.    After  thorough  mixing,  the  Precipi- 
tate is  allowed  to  subside,  and  the  superabundant  water  is  run  off.    The  de- 
posit is  then  dug  out  and  dried.    After  drying  the  deposit  appears  to  possess 
some  agricultural  value,*  and  to  be  saleable  at  a  price  which,^in  some  cases, 
leaves  a  small  profit.    The  profit  is  never  large,  and  m  some  instances  tht  ie 
has  been  even  a  loss.     The  clear  water  from  all  these  processes  contams 
ammonia  and  oxidisable  organic  matters,  as  well  as  phosphoric  acid  (m  most. 

1  An  interestin-  account  of  the  precipitating  process  is  given  in  a  book  called  TU 


analyses.  A  list 
appears  that  the 


■0  ^0  STh^n  5  i.rocess:s  or^^propo-ls  is  giVen  at  page  38  from  .-hich  it 
 Sst  precipitant  wis  proposed  by  Deboissieu  so  long  ago  as  1/62,  and  was  a 

""^Th"  lrenf4?  tnl  to  ll^^gSfs^lfs T ;en.oving  suspended  .natters  and  organic 
ni  ro^enV^nf  tire'cJS^J^'of  iL  British  Association  cons^^^^^^^^^ 
"  ^.rfbe^  investigation."   It  fl^-l^''^^^^^^^^^^^  2r^ains  of  iiay,  audi 

»  The  proportions  f;;Vo*'?oo  .Ains'of  irr  IS  '^oSimes  a  little  lime  is  added. 
'  %-LteteTexle^jr^^^  pjrtu  "ll^S 

Toiun  Sewage  (1875),  p.  ix.  et  seq. 
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cases)  and  potash,  and  it  would  thus  appear  that  a  considerable  part  of  the 
substances  which  give  fertilising  power  to  sewage  remain  in  the  effluent 
water. 

The  caustic  lime  process,  when  properly  apphed,  appears  also  to  be  a  power- 
ful precipitant,  but  the  deposit  has  no  agricultural  value. 

The  metallic  precipitants  of  various  kinds  (iron,  zinc,  manganese)  are  more 
expensive  and  less  useful.  Blyth's  magnesian  process  was  unfavourably  re- 
ported on  by  Mr.  Way. 

When  the  sewer  water  is  cleared  by  any  of  these  plans,  is  it  fit  to  be  dis- 
charged into  streams'?  In  the  opinion  of  some  authorities,  if  the  precipitate 
is  a  good  one  it  may  be  so,  and  it  appears  certain  that  in  many  cases  it  is 
chemically  a  tolerably  pure  water,  and  it  will  no  longer  silt  up  the  bed  or 
cause  a  nuisance.  But  it  still  contains  in  all  cases  some  organic  matter,  as 
well  as  ammonia,  potash,  and  phosphoric  acid.^  It  has,  therefore,  fertilising 
powers  certainly,  and  possibly  it  has  also  injurious  powers.  No  proof  of  this- 
has  been  given,  but  also  no  disproof  at  present,  and  when  we  consider  how 
small  the  agencies  of  the  specific  diseases  probably  are,  and  how  likely  it  is 
that  they  remain  suspended,  we  do  not  seem  to  be  in  a  position  to  expect  that 
the  water,  after  the  subsidence  of  the  deposit,  will  be  safe  to  drink.  We 
must  adopt  here  the  plan  which  is  the  safest  for  the  community;  and  the 
effluent  water  should  therefore  be  used  for  irrigation,  or  be  filtered  before 
discharge.  The  clear  fluid  is  well  adapted  for  market  gardens ;  the  plants 
grown  as  vegetables  for  the  table  are  sometimes  injured  by  irrigation  Avith 
unpurified  sewer  water,  but  they  thrive  with  the  purified  effluent  water. 

In  arranging  any  processes  for  precipitation  everything  must  be  as  simple 
as  possible  ;  there  is  no  margin  for  expenditure  or  complicated  arrangements.. 

Sewage  Gement. 

Instead  of  using  the  dried  deposit  as  manure,  General  Scott  has  proposed 
to  make  cement,  and  for  this  purpose  adds  lime  and  clay  to  the  sewer  water. 
The  deposit  contains  so  much  combustible  matter  that  it  requires  less  coal  to 
burn  it  than  would  otherwise  be  the  case,  and  the  saving  thus  efi'ected  enables- 
(it  is  supposed)  cement  to  be  sold  at  a  remunerative  rate.  If  this  should  turn 
out  to  be  the  case,  the  sewage  cement  process  has  the  advantage  of  destroying, 
by  fire  everything  which  might  be  injurious  in  the  deposit,  while  the  effluent, 
water,  which  contains  rather  more  than  two-thirds  of  the  chlorine  and  three 
fourths  of  the  dissolved  nitrogen,  has  some  value  as  an  irrigator.  At  present, 
the  pecuniary  results  of  the  process  cannot  be  properly  determined.  General 
Scott  also  proposes  to  use  the  burnt  material  as  manure  to  lime  the  land  ia 
some  cases. 

5.  Filtration  through  Earth,  Charcoal,  ^c. 
By  filtration  through  earth  is  meant  the  bringing  of  sewer  water  upon  a 
comparatively  small  area  of  porous  soil,  which  is  broken  up  and  comminuted 
above,  and  is  deeply  underdrained,  so  that  the  sewer  water  may  pass  through 
the  soil  and  is^ue  by  the  drains.  Mr.  Dyke,  in  explaining  the  system 
employed  atMerthyr-TydviP  by  Mr.  Bailey  Denton,  lays  down  the  foUowing 

1  Many  analyses  are  given  in  the  First  and  Second  Reports  of  the  Rivers  Pollution  Com- 
wimtcwers,  irom  which  it  appears  that  on  an  average  the  chemical  processes  remove  89-8  ner 
E  w     mV'o  matters  but  only  36-6  per  cent,  of  the  organic  nitrogen  dissolved  in  the 

liquid    Mr.  Crookes'  analyses  show  that  the  ABC  process,  when  well  carried  out  removes  ,1 

analysis  of  the  efHuent  water  treated  by  tLackSSie 
of  aluminum  shows  that  it  contains  more  ammonia  than  the  original  sewer  watei  less  or^a!.  o 

™(fr/?J  ^r-^^^^'  P.h°«Pl'2,";^        ;  it  i«  P^^-e  enough  to  be  discharged  Into  sSms 
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conditions: — There  should  he — Ist,  a  porous  soil ;  2nd,  an  effluent  drain,  not 
less  that  6  feet  from  the  surface ;  Srd,  proper  fall  of  land  to  allow  the  sewage 
to  spread  over  the  whole  land ;  and  Uh,  division  of  filtering  area  into  four 
parts,  each  part  to  receive  sewage  for  six  hours,  and  to  have  an  interval  of 
eighteen  hours.    He  considers  that  an  acre  of  land  would  take  100,000 
gallons  per  day,  though  this  seems  a  rather  large  amount.    At  Merthyr- 
Tydvil  20  acres  of  land  were  divided  into  beds,  which  sloped  towards  the 
effluent  drain  by  a  fall  of  1  in  150.    The  surface  was  ploughed  in  ridges,  on 
which  vegetables  were  sown  ;  the  sewage  (strained)  passed  from  a  carrier 
along  the  raised  margin  of  each  bed  into  the  furrows.    The  effluent  water 
was  stated  to  be  pure  enough  to  be  used  for  drink.    Since  1872  these 
filter-beds,  as  well  as  230  acres  of  other  portions  of  the  land,  have  been  used 
as  ordinary  irrigation  ground.    The  effluent  water  remains  bright  and  pure.^ 
Another  case  of  marked  success  with  intermittent  filtration  is  that  of  Kendal 
The  best  soil  for  filtration  appears  to  be  a  loose  marl,  containing  hydrated 
iron  oxide  and  alumina,  but  sand  and  even  chalk  produce  excellent  results. 
But  in  order  that  filtration  shall  be  successful  it  is  necessary  that  the  amount 
of  filtering  material  shall  be  large ;  it  must  not  be  less  than  1  cubic  yard  for 
8  gallons  of  sewage  in  twenty-four  hours,^  and  in  the  case  of  some  soils  must 
be  more.    If  the  drains  are  6  feet  below  the  surface,  then  an  acre  will  contain 
9680  cubic  yards  of  filtering  material,  and  at  8  gallons  per  yard  an  acre 
would  suffice  for  77,440  gallons.    Crops  may  be  grown  on  the  land,  and 
indeed  it  is  desirable  that  thev  should  be. 

When  the  filters  are  too  small,  they  fail  to  do  much  good  ;  and  Letheby  has 
given  analyses  which  prove  that  small  filters  may  be  nearly  useless.  It 
appears  undesirable  to  use  charcoal  filters  on  this  account,  and  all  filtration 
through  charcoal  has  been  a  failure.  Spongij  iron  has  been  lately  very 
strongly  recommended.    Carferal  has  also  been  suggested.  _ 

Filtration  may  be  downwards  or  upwards,  but  the  former  kind  is  mucli 
more  efficacious.    Upward  filtration  may  be  said  to  be  now  abandoned. 

Condition  of  the  Effluent  Fa^er.— When  5-6  gallons  of  sewage  were 
filtered  in  twenty-four  'hours  through  a  cubic  yard  of  earth,  it  was  found  by 
the  Rivers  Pollution  Commissioners  that  the  organic  carbon  was  reduced  trom 
4-386  parts  to  -734,  and  the  organic  nitrogen  from  2484  parts  to  -lOS  parts 
in  100  000  The  whole  of  the  sediment  was  removed.  Nitrates  and  nitrites, 
which 'did  not  exist  before  filtration,  were  fouad  afterwards,  showing  oxida- 
tion. 

6.  Irrigation.^ 

By  irrigation  is  meant  the  passage  of  sewer  water  over  ^^^d  through  th^ 
soil  with  the  view  of  bringing  it  as  speedily  as  possible  under  the  influence 
ofgrlw  ng  plants.  For  this%urpose  it  is  desirable  that  the  sewer  water 
should  be  brought  to  the  land  in  as  fresh  a  state  as  P^-^le  In  some  ca^^^^^^ 
as  at  Carlisle,  c'arbolic  acid  in  small  quantities  ^^^^^^^^^f  f  .^e  °kn\r^^^^^^ 
in  its  flow  fo^  the  purpose  of  preventing  decomposition,  and  the  plan  appears 

^  Report  on  Town  Sewage.  .  „ii„^„mmint  viz   5?!  ealloiis  per  cubic  3^ard ; 

The  Rivers  Pollution  Commissioners  give  a  smaller  amou^^^^ 

but  some  of  their  experiments  seem  to  ^^^^l^  tj^^*;;",.'!^^^^^^^^  nitrification  up  to  the 

the  soil  at  Beddington  was  i^ound      them  to  have  a  lema^^^^^  ^^^.^  ^^^^ 

extent  of  7-6  gallons  per  cubic  yard  in  twenty-foui  "J^^  ^  experimented  on  (Darsley 
nitrification  ceased,  and  the  soil  became  clogged  ^'/^.^f  9.9  "lions  in  twenty-four  hours 
soil)  containing  43  of  silica  and  18  o  f^^^de  of  iron  pun^  jlj  ^  the  text, 

per  cubic  yard.    But  as  few  soils  would  be  so          ^^'^^.^'T';" published.    Dr.  Cortield's 

3  On  the  application  of  sewage  to  land  many  wor^vs  have  "f^"  P^'£:"^^^^ 
work  on  the  Treatment  and  Utilisation  of  Sewage,  ^''^  ^^ff'^f^^l^^^^^^^^^^^  of  publica- 

.0/  the  British  Association,  1872,  give  the  best  sunmary  of  the  subject  up     Qaie  i> 
tion.    Also  the  Report  of  the  Committee  on  Town  Sewage,  I8/0. 
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to  be  effectual.  The  sewer  water  is  usually  wanner  than  the  air  at  all  times, 
and  will  often  cause  growth  even  in  winter. 

The  effect  on  growing  plants,  but  especially  on  Italian  rye-grass,  is  very 
great ;  immense  crops  are  obtained,  although  occasionally  the  grass  is  rank  and 
rather  watery.  For  cereals  and  roots  it  is  also  well  adapted  at  certain  periods 
of  growth,  as  well  as  for  market  vegetables  when  the  viscid  parts  are  separated. 
When  the  sewer  water  permeates  through  the  soil  there  occur — Isi,  a 
mechanical  arrest  of  suspended  matters ;  27id,  an  oxidation  producing  nitrifica- 
tion, both  of  which  results  depend  on  the  porosity  and  physical  attraction  of 
the  soil ;  and,  Si-d,  chemical  interchanges.  The  last  action  is  important  in 
agriculture,  and  has  been  examined  by  Bischof,  Liebig,  Way,i  Henneberg, 
■Warrington,^  and  others.  Hydrated  ferric  oxide  and  alumina  absorb 
phosphoric  acid  from  its  salts,  and  a  highly  basic  compound  of  the  acid  and 
metallic  oxide  is  formed.  They  act  more  powerfully  than  the  silicates  in 
this  way.  The  hydrated  double  silicates  absorb  bases.  Silicates  of  aluminum 
and  calcium  absorb  ammonia  and  potassium  from  all  the  salts  of  those  bases, 
and  a  new  hydrated  double  silicate  is  formed,  in  which  calcium  is  more  or  less 
perfectly  replaced  by  potassium  or  ammonium.  Humus  also  forms  insoluble 
compounds^  with  these  bases.  Absorption  of  potash  or  ammonia  is  usually 
attended  with  separation  of  lime,  which  then  takes  carbonic  acid. 

The  soil  must  be  properly  prepared  for  sewage  irrigation ;  either  a  gentle 
slope,  or  a  ridge  with  a  gentle  slope  on  each  side  of  about  30  feet  wide,^  with 
a  conduit  at  the  summit,  or  flat  basins  surrounded  by  ridges,  are  the  usual 
plans.  The  sewer  water  is  allowed  to  trickle  down  the  slope  at  the  rate  of 
about  8  feet  per  hour,  or  is  let  at  once  into  the  flat  basin.  The  water  passes 
through  the  soil,  and  should  be  carried  off  by  drains  from  5  to  6  feet  deep, 
and  thence  into  the  nearest  water-course. 

The  sewer  water  should  reach  the  ground  in  as  fresh  a  state  as  possible  ;  it 
IS  usually  run  through  coarse  strainers  to  arrest  any  large  substances  which 
find  their  way  into  the  sewers,  and  to  keep  back  the  grosser  parts  which  form 
a  scum  over  the  land ;  it  is  then  received  into  tanks,  whence  it  is  carried  to 
the  land  by  gravitation,  or  is  pumped  up.  The  carriers "  of  the  sewer 
water  are  either  simple  trenches  in  the  ground,  or  brick  culverts,  or  concreted 
channels,  and  by  means  of  simple  dams  and  gates  the  water  is  directed  into 
one  or  other  channel  as  may  be  required.  Everything  is  now  made  as  simple 
and  inexpensive  as  possible— undergi-ound  channels  and  jets,  hydrants,  hose 
and  jets,  are  too  expensive,  and  overweight  the  plan  with  unnecessary  outlay. 

Ihe  amount  of  land  required  is,  on  an  average,  1  acre  to  1 00  persons  ;  this 
IS  equal  to  a  square  of  70  yards  to  the  side,  and  wiU  take  2000  gallons  in 
twenty-four  hours. 

_  The  sewer  water  is  applied  intermittently  when  the  plants  are  growing ;  but 
m  wmter  it  is  sometimes  used  constantly,  so  as  to  store  up  nourishment  in 
the  soil  tor  the  plant-growth  in  the  spring.* 


1  Journal  of  Royal  Agricultural  Society,  vol.  xi. 

man?SSnaferi^^^^^^°-i  Harrington's  paper  gives  a  good  resume  of  the  subject,  and 
many  original  experiments,  and  can  be  consulted  for  full  details.  ' 

ihis  was  the  arrangement  of  Mr.  Hope's  farm  at  Romford 
_    bee  an  interesting  paper  on  the  "Utilisation  of  the  Sewage  of  Paris,"  by  Sandford  Moorp 

is  al"         +  ''arrosage  "is  practised ;  the  land  is  ploughed  in  furrows  and  ridges  and  the  watpr 
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The  amount  of  sewer  water  wliich  can  bo  applied  will  vary  with  the  kind 
of  ground,  the  amount  of  rain,  and  the  season  of  the  year.  In  the  year  ending 
1871,  it  appears  that,  on  the  Lodge  farm  at  Barking,  622,324  tons  of  sewage 
were  applied  to  163  acres  (nearly),  or  about  3800  tons  per  acre.  In  the  six- 
teen months  ending  December  1872,  the  average  quantity  was  3342  tons  per 
acre  annually.  On  the  most  porous  part  of  the  farm  as  much  as  960  tons 
have  been  applied  in  twelve  hours.  ^ 

Condition  of  the  Effluent  Water  after  Irrigation. 

When  the  sewer  water  passes  over  and  not  through  the  soil,  it  is  often 
impure,  and  even  suspended  matters  of  comparatively  large  size  (such  as 
epithelium)  have  been  found  in  the  water  of  the  stream  into  which  it  flows. 
It  requires,  therefore,  that  care  shall  be  taken  in  every  sewage  farm  that  the 
water  shall  not  escape  too  soon.  Dr.  Letheby,^  whose  authority  on  such  a 
question  no  one  can  doubt,  rated  the  cleansing  power  of  soil  much  lower  than 
the  Elvers  Pollution  Commissioners  or  the  Committee  of  the  British  Associa- 
tion, and  his  analyses  make  it  at  any  rate  quite  certain  that  the  proper  purifi- 
cation of  the  sewer  water  demands  very  careful  preparation  of  the  ground  in 
the  first  instance,  and  constant  care  afterwards.  But  the  chemical  evidence 
of  the  good  effect  of  irrigation  is  too  strong  to  admit  a  doubt  to  exist,  as  may 
be  seen  from  the  table  given  by  the  Elvers  Pollution  Commissioners. ^  _ 

Tlie  results  are  much  better  than  those  of  any  chemical  precipitant, 
although  they  are  not  quite  so  good  as  the  downward  filtration  plan. 


rmnt  de  la  Seine    An  abstract  is  given  in  the  Annales  des  ponts  et  Chaussies,  and  is  trans- 
Sted  bv  R  Mam incT  M.I.C.B.  (E  and  F.  N.  Spon.),  1876.     Similar  works  are  in  process  at 
B  rtn^'lSiaSSbed  inthesime  paper.    At  Wssels,  the  Senne  dunng i^^^^^ 
the  city,  is  no  longer  used  as  the  main  sewer,  and  although  the  sewage  is  still  poured  into  i 
at  a  lower  point,  it  will  ultimately  be  disposed  of  by  irrigation 
1  Mr  Morgan's  Report,  quoted  in  Food,  Air,  and  Water,  Dec.  1871. 

3  S:?t:X?of1"ity  wld?f  eVint  water  should  have       -^7^^  be.n  fixed  That 
^roT^otd  bv  tKLrs  Pollution  Commissioners,  which  is  based  on  the  method  of  analjsis 
Toposed  b/cr?  I'ranSand,  and  which  is  not  yet  universally  admitted,  was  as  fo  lows  :-- 
Standard  o/ItiversPoUutim  Commissioners^    Ma^n^^j^oflrapu^tyvermissvUein  lOO.OOO 

parts  by  weight  oj  tlie  ciquwl. 


Dry 
mineral 
matter  in 
suapension. 


Dry 
organic 
matter  in 
suspension. 


Colour. 


In  Solution. 


Sho-wn  in  a 
stratum  of 
1  inch  in  a 
white  plate. 


Organic 
carbon. 


Organic 
nitrogen. 


•3 


Any  metal  ex- 
cept Calcium, 
Magnesium, 
Potassium,  or 
Sodium. 


Arsenic. 


Chlo- 
rine. 


•05 


Sulphur 
as  SHj,  or 
sulphate . 


sioBS  on  the  Public  Health  Bill  m  the  Hous^^  st.S  d  i  eft  to  be  hereafter  determined, 
embodied  in  the  Bill,  was  struck  ^J^^^^^f^f.^^^^^^^  The  objection  to  the  plan  is  not 

(No  standard  is  given  iii  the  carbon  or  nitrogen  but  also 

merely  the  doubt  about  the  substances  '^^.^f^,^^^^^  of  water  into  which  the  foul 

becauL  the  standard  does  not  take  ^^Jo^°"^Soner3  adopt  a  standard  for  effluent  sewage 
water  flows.    The  Thames  Conservancy  Commissioners  aaoi 

as  follows  :—  Must  not  exceed  in  70,000  parts. 

3  parts. 

Suspended  matters,  70  „ 

Total  solids,  |       .       ,       2  „ 

Organic  carbon,  ,       .  0-75 

„  nitrogen,  
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Do  Seioage  Irrigation  Farms  affect  the  Public  Health  or  Puhlic  Comfort  'I 

That  sewage  farms,  if  too  near  to  houses  and  if  not  carefully  conducted,  may 
-«ive  olf  disagreeable  effluvia,  is  certain ;  but  it  is  also  clear  that  in  some  farms 
this  is  very  trifling,  and  that  when  the  sewer  water  gets  on  the  land  it  soon 
ceases.  It  is  denied  by  some  persons  that  more  nuisance  is  excited  than  by 
any  other  mode  of  using  manure.  As  regards  health,  it  has  been  alleged  that 
these  farms  may — \st,  give  otF  effluvia  which  may  produce  enteric  fever,  or 
dysenter]/,  or  some  allied  affection ;  or,  'ind,  aid  in  the  spread  of  entozoic 
diseases ;  or,  SrcZ,  make  ground  swampy  and  marshy y  and  may  also  poison 
wells,  and  thus  affect  health. 

The  evidence  of  Edinburgh,  Croydon,^  Aldershot,  Eugby,  Worthing, 
Romford,  the  Sussex  Lunatic  Asylum,^  is  very  strong  against  any  influence 
in  the  production  of  typhoid  by  sewage  farms'  effluvia.  On  the  other  hand. 
Dr.  Clouston's  record  of  the  outbreak  of  dysentery  in  the  Cumberland  Asylum 
is  counter-evidence  of  weight,  and  so  is  one  of  the  cases  noted  by  Letheby,^ 
of  typhoid  fever  outbreak  at  Copley,  when  a  meadow  was  irrigated  with  the 
brook  water  containing  the  sewage  of  Halifax. 

The  negative  evidence  is,  however,  so  strong  as  to  justify  the  view  that  the 
effluvia  from  a  well-managed  sewage  farm  do  not  produce  typhoid  fever  or 
dysentery,  or  any  affection  of  the  kind.  In  a  case  at  Eton,  in  which  some 
•cases  of  enteric  fever  were  attributed  to  the  effluvia,  Dr.  Buchanan  discovered 
that  the  sewer  water  had  been  drunk;  this  was  more  likely  to  have  been  the 
cause. 

"With  regard  to  the  second  point,  the  spread  of  entozoic  diseases  by  the 
carriage  of  the  sewer  water  to  the  land  was  at  one  time  thought  probable, 
though  as  solid  excreta  from  towns  have  been  for  some  years  largely  employed 
as  manure,  it  js  doubtful  whether  the  liquid  jDlans  would  be  more  dangerous. 
The  special  entozoic  diseases  which,  it  is  feared,  might  thus  arise,  are  Tape- 
worms, Round  luorms.  Trichina,  Bilharzia  and  Distoma  hepaticum  in  sheep. 
Cobbold's  latest  observations  show  that  the  embryos  of  Bilharzia  die  so 
rapidly  that,  even  it  were  introduced  into  England,  there  would  be  little 
danger.  The  Trichina  disease  is  only  known  at  present  to  be  produced  in 
men  by  the  worms  in  the  flesh  of  pigs  which  is  eaten,  and  it  is  at  least 
doubtful  whether  pigs  receive  them  from  the  land.  There  reuiain,  then,  only 
Tajyeioorms  and  Round  worms  for  men  and  Distoma  hepaticum  for  sheep  io 
be  dreaded.  But  with  regard  to  these,  the  evidence  at  present  is  entirely 
negative;  and  until  positive  evidence  is  produced,  this  argument  against 
sewage,  irrigation  may  be  considered  to  be  unsupported. 

The  third  criticism  appears  to  be  true.  The  land  may  become  swampy, 
and  the  adjacent  wells  poisoned,  and  disease  (ague  *  and  perhaps  diarrhoea 
and  dysentery)  be  thus  produced.  But  this  is  owing  to  mismanagement,  and 
when  a  sewage  farm  is  properly  arranged  it  is  not  damp,  and  the  wells  do 
not  suffer. 

Objections  to  Seioers. 
The  main  objections  are  as  follows  : — 

1.  That  as  underground  channels,  connecting  houses,  they  allow  transference 
'f  affluvia  from  place  to  place. — The  objection  is  based  on  good  evidence,  but 

1  Carpenter,  various  papers  and  essays  on  this  suTjject  drawn  from  the  experiencp  of  Pr«„ 
<lon  Sewage  Farm.  ^  ^^^^ 

2  Dr.  J.  W.  Williams,  Brit.  Med.  Journal,  11th  May  1872. 
'  The  Sewage  Question,  p.  190. 

3ie'ar^Edinb"u?gh!'^'''     """^         '^'''''''^  t^^^e^^^le  to  the  sewage  irrigation  at  Craigeutinny, 
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it  must  be  said  in  reply  that,  if  proper  traps  are  put  down,  and  if  air-discon- 
nection, in  addition,  is  made  between  the  outside  drains  and  the  house  pipe, 
such  transference  is  impossible.  The  objection  is  really  against  an  error  of 
construction,  and  not  against  the  plan  as  properly  carried  out.  Besides,  the 
objection  is  equally  good  against  any  kind  of  sewer,  and  yet  such  underground 
conduits  are  indispensable. 

2.  That  the  pipes  hrealc  and  contaminate  the  ground. — This  a  great  evil, 
and  it  requires  care  to  avoid  it.  But  such  strong  pipes  are  now  made,  that  if 
builders  would  be  more  careful  to  make  a  good  bed,  and  to  connect  the  joints 
firmly,  there  would  be  little  danger  of  leakage,  as  far  as  the  pipe  drains  are 
concerned,  and  not  much  damage  of  the  main  brick  sewers.  All  pipes, 
however,  ought  to  be  actually  and  carefully  tested  after  being  laid  and  before 
being  covered  in,  otherwise  it  is  impossible  to  ensure  their  being  water-tight, 
even  when  everything  is  sound  to  all  appearance. 

3.  That  the  water  supply  is  constantly  in  danger  of  contamination. — This 
also  is  true,  and  as  long  as  overflow  pipes  from  cisterns  are  carried  into  sewers, 
and  builders  will  not  take  care  to  make  a  complete  separation  between  water 
pipes  and  refuse  pipes,  there  is  a  source  of  danger.  But  this  is  again  clearly 
an  error  in  constructive  detail,  and  is  no  argument  against  a  proper  arrange- 
ment. 

On  the  Influence  the  Construction  of  Sewebs  has  had  on  the 

Death  Kate  of  Towns. 

Eeference  has  already  been  made  to  the  possibility  of  sewers  being  the 
channels  by  which  enteric  fevers  and  cholera  have  been  propagated  from 
house  to  house,  and  from  which  emanations,  causing  diarrhoea  and  other 
complaints,  may  arise.    Admitting  the  occasional  occurrence  of  such  cases,  it 
remains  to  be  seen  whether  the  sanitary  advantages  of  sewers  may  not  greatly 
counterbalance  their  defects.    The  difficulty  of  proving  this  point  statistically 
consists  in  the  number  of  other  conditions  aff"ecting  the  health  of  a  town  in 
addition  to  those  of  sewerage.    Dr.  Buchanan^  has,  however,  given  some 
valuable  evidence  on  this  point,  which  has  been  well  commented  on  by  Mr. 
Simon.    He  inquired  into  the  total  death  rate  from  all  causes,  and  the  death 
rate  from  some  particular  diseases,  in  twenty-five  towns  before  and  after 
sanitary  improvements,  which  consisted  principally  of  better  water  supply, 
sewerage,  and  town  conservancy.    The  general  result  is  to  show  that  these 
sanitary  'improvements  have  resulted  in  a  lowering  of  the  death  rate  m 
nineteen  out  of  twenty-five  towns,  the  average  reduction  in  these  nineteen 
cases  beino-  10-5  per  cent.    The  reduction  in  typhoid  (enteric)  fever  was 
extremely  marked,  and  occurred  in  twenty-one  towns  out  of  twenty- four  the 
averac^e  reduction  being  454  per  cent,  in  the  deaths  from  typhoid.    In  thi-ee 
cases  °there  was  an  augmentation  of  typhoid  fever,  but  this  was  manifestly 
owmo  to  imperfection  in  the  sewerage  arrangements;  and  these  cases  attord 
excellent  instances  of  the  unfavourable  part  badly-arranged  sewers  may  play 
in  this  direction.2    Soyka^  has  given  some  interesting  statistics  of  German 
towns  with  regard  to  this  point.    In  Hamburg  the  typhoid  deaths  per  1000 
total  deaths  has  faUen  from  48-5  to  10-5;  in  Dantz.g,  from  26-6  to  2  3  In 
Frankfort  the  typhoid  deaths  per  10,000  living  have  fallen  from  9  to  2,  m 
Munich,  from  24*2  to  8-9.  

1  Ninth  Report  of  the  Medical  Officer  to  the  Privy  CouncU  V.     f  IJ-Jf^^^,  of  the 

2  See  the  c4e  of  Worthing  (p.  45,  Ninth  Report,  &c.,  op.  cit.),  for  a  striking  instance 
spread  of  typhoid  through  sewers.  _  io<59  i-, 

3  Deutsche  Viertelj.fur  Offl.  Ges.,  Band  xiv.  Heft  1,  isb.^,  p.  66. 
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Diarrlicea  has  also  been  reduced,  but  not  to  such  an  extent ;  and  in  some 
towns  it  has  increased,  while  typhoid  fever  has  simultaneously  diminished.  ^ 
But  the  term  diarrhoea  is  so  loosely  used  in  the  returns  as  to  make  any 
deduction  uncertain.  Cholera  epidemics  Dr.  Buchanan  considers  to  have  been 
rendered  "  practically  harmless."  The  immense  significance  of  this  statement 
will  be  at  once  appreciated.  Whether  the  result  is  owing  solely  to  the 
sewerage  or  to  the  improved  water  supply,  which  is  generally  obtained  at  the 
same  time,  is  not  certain.  Phthisis,  which  Dr  Buchanan  and  Dr.  Bowditch^ 
find  to  be  so  much  influenced  by  dampness  of  soil,  does  not  appear  to  have 
been  affected  by  the  removal  of  excreta  per  se,  at  least  towns  such  as  Alnwick 
and  Beynmawr,  which  are  thoroughly  drained,  show  no  lowering  in  the 
phthisical  mortality.  ISlov  could  Dr.  Buchanan  trace  any  effect  on  the  other 
diseases  of  the  lungs. 

As  far  as  can  be  seen,  the  effect  of  good  sewerage  has  therefore  been  to 
reduce  the  general  death  rate,  especially  by  the  reduction  of  deaths  from 
typhoid  and  from  cholera  (and  in  some  towns  from  diarrhoea),  but  partly,  in 
all  probability,  by  general  improvement  of  the  health.  The  action  has  been, 
in  fact,  very  much  in  the  direction  we  might  have  anticipated. 

It  may  be  observed,  that  this  inquiry  by  Dr.  Buchanan  does  not  deal  with 
the  question  as  between  sewers  and  efficient  dry  methods  of  removing  excreta 
(on  which  point  we  possess  at  present  no  evidence),  but  between  sewerage 
and  the  old  system  of  cesspools. 

Modifications  of  the  Wet  Method  of  Removing  Excreta. 

The  Separate  System. 

By  this  term  is  meant  the  arrangement  which  carries  the  rain  water  in 
separate  channels  into  the  most  convenient  water-course. ^  Mr.  Ward's 
celebrated  phrase  "the  rain  to  the  river,  the  sewage  to  the  soil,"  is  the 
principle  of  this  plan.  Its  advantages  are  that  the  sewers  can  be  'smaller  • 
that  the  amount  of  sewer  water  to  be  dealt  with  at  the  outflow  is  much  less 
in  quantity,  more  regular  in  flow,  and  richer  in  fertilising  ingredients,  and  is 
therefore,  more  easily  and  cheaply  disposed  of.  The  grit  and  debris  of  the 
roads  also  are  not  carried  into  the  sewers ;  and  the  storm  waters  never  flood 
the  houses  in  the  low  parts  of  the  town, 

^  The  disadvantages  are,  that  separate  channels  and  pipes  have  to  be  pro- 
vided for  the  rain ;  that  the  rain  from  all  large  cities  carries  from  roofs  and 
from  streets  much  organic  debris  which  poUutes  streams,  and  that  the  scour- 
ing effect  of  the  rain  on  sewers  is  lost,  though  this  last  is  a  very  questionable 
objection. 

The  adoption  of  one  or  other  system  wiU  probably  depend  on  local  condi- 
tions. If  a  town  m  Europe  lies  low,  and  it  is  expensive  to  lift  sewacre  •  if 
land  cannot  be  obtained ;  or  if  the  natural  contour  of  the  ground  is  very 
favourable  for  the  flow  of  rain  in  one  direction,  while  it  is  convenient  to 
carry  the  sewage  in  another,  the  separate  system  would  be  the  best.  So  al^o 
m  the  tropics,  with  a  heavy  rainfall  and  a  long  dry  season,  the  providing  of 
sewers  large  enough  to  carry  off  the  rain  would  be  too  expensive  for  all  except 
the  richest  cities,  and  the  disposal  of  the  storm  water  would  be  difficult. 

1  Virchow  has  called  attention  to  the  lessening  of  typhoid. 
Nintk  and  Tenth  Reports  of  the  Medical  Officers  to  the  Privy  Council.    See  esiiPPi«u,.  -n 
Buchanan's  Report  in  the  last-named  work,  p.  57.  especiaUy  Dr. 

Vr.rJ^  S"'-^  ^w'^^*  Menzies,  who  first  described  this  -Dlan  md     n^i  t 
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In.  all  cases  in  whicli  rain  enters  the  sewers,  some  plan  ought  to  be  adopted 
for  storm  waters.^  If  irrigation  is  the  plan  carried  out,  the  sewer  water 
becomes  so  dilute  and  so  large  iu  quantity  in  storms,  that  the  application  to 
land  is  usually  suspended,  and  the  sewer  water  is  allowed  to  pass  at  once  into 
streams. 

In  this  way  the  evil  which  irrigation  is  intended  to  prevent  is  produced, 
though,  doubtless,  the  sewer  water  is  highly  dilute.  In  London,  the  storm 
waters  mingled  with  sewage  are  allowed  to  flow  into  the  Thames,  special 
openings  being  provided. 

The  Intercsption  System. 
In  many  of  the  continental  cities  the  fluid  and  solid  excreta  fall  into  a 
receptacle  with  perforated  sides  or  bottom,  so  that  the  fluid  part  drains  away 
and  the  solid  is  retained,  and  is  removed  from  time  to  time.  Such  a  plan  may 
keep  the  sewers  free  from  deposit,  but  has  the  great  disadvantage  of  retaining 
laro-e  collections  of  excreta  close  to  and  in  many  cases  immediately  under  or 
in  the  cellars  of  houses,  and  no  ventilation  can  entirely  remove  all  effluvia. 

An  improvement  on  this  plan  is  a  method  proposed  by  Mr.  Chesshire  of 
Birminc^ham.  He  places  outside  the  house,  in  any  place  where  access  is  easy, 
a  comparatively  small  box,  connected  by  trapped  pipes  with  the  water-closet 
at  one  end  and  the  sewer  at  the  other.  The  lid  of  the  box  is  fixed  down 
with  concrete  or  putty,  so  that  the  access  of  air  is  stopped.  Across  one  end 
of  the  box  is  a  sinc^le  or  double  strainer,  which  allows  the  urine  and  water  to 
r,ass  but  retains  the  solids.  From  time  to  time  the  box  is  lifted  out,  carted 
away  and  another  is  inserted.  The  solid  matter  is  almost  free  from  odour, 
as  the  limited  access  of  air  hinders  putrefaction. 

The  difficulty  about  this  plan  is  the  occasional  blockage  of  the  strainer,  so 
that  the  solid  matters  remain  wet,  and  may  soon  fill  the  box,  so  that  the  lid 
may  be  forced  off.  The  liquid  which  flows  from  the  box  is  of  course  highly 
imnure  with  excreta,  but  the  retention  of  the  solids  prevents  blockage  of  the 
sewers  At  present  it  can  only  be  said  that  this  plan  has  not  been  yet 
mncticallv  estabhshed  on  the  large  scale,  but  is  well  worthy  of  extended  trial, 
particulaiiy  in  cases  where  the  difiiculties  of  irrigation  are  great. 

Water-Closets  and  Water -Troughs. 
WnfPT  Closets  —The  pan  of  the  closet  is  usually  a  cone  in  earthenware 
aIS^^Is  bette  "than  metal),  and  a  siphon  or  flap  valve  below._    In  addition, 
there  are  numerous  contrivances  for  flushing  the  pan  and  sij^on,  and  fo 
tHere  aje  ni  ^  soil  pipe  into  the  house.2  The 

Zr^^l  ll^^oi  cast  lead;  but  both  leaf  and  iron  are  easily  eaten 
hrorg'h     s'^^^^^^^  by  Drs.  Fergus  and  K  Cannichael,  and  earthenware 
tnroug  ,  ioined,  would  be  preferable.3 

^'^V^';  lo  2  to  be  iToked  to  in  examining  closets  are-1.^,  that  the  pan  is 
The  pomts  ^i^,^l3  ^itl,  a  flat  bottom ;  Ind,  that  the  amount 

"Tf^roTwater^^^^  ^^'f.  ^^^^^^^r*  fn' 

?bff  the  souXe  is  ventnated  beyond  the  siphon,  by  being  carried  up  fuU- 
bteto  trt^^^^^  W  that  the  junction  of  siphon  and  soil  pipe 

^gggg^  cistern  frequently  leads  to 

fi„„™,^  nnd  (Iftscribed  in  the  works  on  Sanitary  Engineering, 
1  Plans  for  tWs  purpose  are  iigured  and  descnoea  in 

T)y  Baldwin  Latham  and  Bailey  Denton  .iccount  of  the  various  kinds  of  closets 

earthenware  pipes,  preferring  the  strongest  cast  lead  to  any 
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the  closet ;  but  if  so,  there  is  danger  of  gas  rising  through  the  pipe.  There 
should  be  a  special  small  cistern  for  the  use  of  the  closet.  What  are  termed 
water-waste  preventers  are  now  commonly  used,  fed  either  by  a  cistern  or  by 
constant  supply.  They  are  boxes  which  are  emptied  by  a  valve  into  the  pan, 
and  are  then  refilled.  There  are  many  kinds,  but  perhaps  the  best  are  those 
that  work  by  siphon  action,  brought  into  play  by  pulling  a  wire.  The 
amount  of  water  should  not  be  less  than  two  gallons,  and  the  fall  should  not 
be  less  than  3  or  4  feet,  so  as  to  insure  thorough  scouring  of  the  soil  pipe.^ 

The  ventilation  of  the  soil  pipe  is  a  matter  of  importance,  as  the  water  from 
the  pan  suddenly  displaces  a  large  body  of  foul  air,  which  rises  through  the 
siphon  as  the  water  flows.  The  best  plan  is  to  carry  up  the  soil  pipe  full- 
bore  to  the  roof,  far  from  any  windows.  It  is  well  also  to  have  a  second 
pipe  from  the  crown  of  the  siphon  to  the  ventilating  pipe,  in  order  to  pre- 
vent the  unsiphoning  of  the  trap  (see  fig.  84).  Air  is  supplied  by  a  grating 
below,  as  in  Buchan's  and  other  disconnecting  traps,  or  (as  in  Banner's  plan) 
by  drawing  air  from  another  shaft  carried  up  the  house.  The  currents  in  the 
two  shafts  are  determined  by  reversed  cowls.  In  some  cases  it  is  proposed 
to  draw  the  air  doion  the  soil  pipe  and  up  another  pipe. 
^  The  simple  hopper  closet,  or  some  form  of  "  wash-out "  closet,  with  a 
siphon  trap  below,  is  the  safest ;  but  there  are  some  good  forms  of  valve 
closet  in  the  market.  They  are,  however,  too  frequently  made  with  overflow 
pipes  passing  into  the  soil  pipe.  These,  although  siphon  trapped,  are  apt  to 
be  sucked  dry.  They  are  thus  dangerous,  and  they  are  really  unnecessary, 
for  a  well-made  siphon  pan  rarely  overflows.  If  it  does,  it  is  better  to  receive 
the  overflow  on  to  a  safe  under  the  closet,  from  which  the  water  flows  out 
through  a  pipe  to  the  open  air,  such  pipe  acting  as  a  warning  pipe.  The  old 
_pa;^-closet;,  _with  its  filthy  container  and  D  trap,  ought  to  be  absolutely  discarded. 

The  position  of  the  closet  is  a  matter  of  great  moment.  If  possible,  it 
should  always  be  in  an  outbuilding,  or  a  projection,  with  thorough  ventilation 
between  it  and  the  house.  In  two-storied  buildings  it  might  be  put  in  a 
small  third  story  in  the  roof,  and  well  ventilated  above.  The  windows  in 
a  closet  ought  always  to  open  quite  to  the  ceiling. 

In  all  cases,  a  tube  should  pass  from  the  top  of  the  closet  io  the  outer  air; 
and,  if  the  closet  is  in  a  bad  situation,  the  tube  should  be  heated  by  a  gas-jet.' 

It  is  a  bad  plan  to  have  the  pull-up  handle  covered  by  the  lid  ;  ^  it  should 
be  able  to  be  pulled  up  when  the  lid  is  shut,  or  the  shutting  of  the  lid  should 
open  the  water-waste  preventer  cistern.  In  wash-out  closets  the  flush  is  often 
obtamed  by  pulling  a  wire  like  a  bell-pull,  as  mentioned  above. 

The  plan  of  placing  closets  in  the  basement  should  be  entirely  given  up 
closet  air  is  certain  to  be  drawn  into  the  house. 

Water-Troughs  or  Latrines. — These  are  very  strong  earthenware  or  cast-iron 
receptacles,  which  are  about  half  full  of  water,  l^e  excreta  drop  into  the 
water,  and  once  or  twice  a  day  a  valve  is  raised,  and  the  water  and  excreta 
pass  mto  a  dram.  There  is  usually  a  receptacle  into  which  fall  bits  of  bricks 
towels,  or  other  things  which  are  thrown  in,  so  that  they  are  stopped  and 
Hahed  out  when  the  trough  is  emptied,  and  do  not  pass  into  the  drain.  The 
amount  of  water  in  the  water-latrines  used  in  some  barracks  is  about  5  crallons 
per  head  daily,  so  that  the  plan  is  not  economical  of  water,  but,  as  it  "avoids 


2  tn^ n'   a'i  f",    ,  'Jenning's  closet,  usually  the  same,  or  in  some  stations  3  gallons  ' 
is  a£      ^^^"^^ge's  patent  the  handle  cannot  be  pulled  up  until  the  lid  is  shut         •  +>, 

air  thP  I^f  PT?*.^°''  of  ^  pipe  communicati  o^^V  Z U    f ' 

air,  the  lid  itself  being  air-tight  round  the  rim  of  the  seat.  '"lunicaiing  with  the  outer 

2b 
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all  loss  by  the  dripping  in  closets,  there  is  probably  no  great  excess  of  expen- 
diture. It  is  a  good  plan  to  have  a  flexible  hose  attached  to  the  water  pipe, 
so  as  to  wash  thoroughly  the  seats  and  partitions  every  day.  _ 

The  chief  obiection  to  this  plan  has  been  the  labour  which  is  necessary  to 
empty  the  trough  ;  but  this  may  be  obviated  by  the  use  of  automatic  flush 
tanks,  discharging  periodically.  On  the  other  hand,  there  is  saving  of  ex- 
penditure in  repairs  to  water-closets. ^  .    p     .  ( 

In  iudgin^  of  the  value  of  a  water-trough,  the  amount  of  water,  the  surface 
exposed  to  evaporation,  and  the  completeness  of  the  flushing,  are  the  points 
to  look  to. 

Dry  Methods. 2 

The  use  of  sewers  and  removal  by  water  are  in  many  cases  impracticable 
4  fall  cannot  be  obtained  ;  or  there  is  insufiicient  water  ;  or  the  severity  ot 
the  climate  freezes  the  water  for  months  in  the  year,  and  removal  by  its  means 
cannot  be  attempted.  Then  either  the  excreta  will  accumulate  about  houses, 
or  must  be  removed  in  substance  daily  or  periodically.  Even  when  water  is 
abundant,  and  sewers  can  be  made,  many  agriculturists  are  m  favour  of  the 
dry  system,  as  giving  a  more  valuable  fertilising  product ;  and  various  plans 

msTot  necessary  to  consider  here  the  employment  of  cesspools  deadwells, 
&c  ,  as  such  plans  must  be  considered  quite  unsanitary,  and  should  be  invan- 
abi;  discontinued.  If  excreta  are  ever  allowed  to  accumulate,  it  should  be  m 
properly  prepared  receptacles,  and  after  admixture  with  deodorants. 

Removal  ivithout  Admixture. 
In  some  cases  the  solid  and  liquid  excreta  pass  into  boxes  or  tanks,  which 
are  emptied  daily,  or  from  time  to  time,  and  the  sewage  is  at  once  apphed  to 
landSout  further  treatment.  In  Glasgow  the  excreta  from  one  part  o 
the  t™  containing  80,000  people,  are  now  removed  every  day  without 
i  xh^e  except  with  the  garbage  from  the  houses,  and  are  sent  long 
dtTance  at  a  If  the  Removal  can  be  made  daily,  the  plan  is  a  good 

distances  at  a  pion  immediate  neighbourhood  of 

Z:il^~:^^^^^^        Commissioners  have  ordered  that  it  shall  not  be 

^V'''ti:Z\nZ^^^^^  Halifax,  Nottingham), 

t^ZevtJ^^s^M  wSh  some  absorbent  material  (refuse  of  cloth  manu- 
the  leceptacles  aie  11  ^tended  to  absorb  the  urme 

£  SLn  being,  in  both  cases,  to  make  the  f.cal  matter  drier,  and  to 
't^"f  sod  being  removed  daily,  or  at  short  intervals,  is  taken  to  a 

.  In  the  army  two  kinds  of  latrines  (Ma«^ 
ware)  have  been  iu  use  tor  alDOut         y  Yf^^^- ^,^^^871  S  14)  state  that  out  of  183  barracks 
Appliances  introduced  m  o  ^^'C'  f.^' ^^1^^^^^  the  average  expenditure  on  tliese  53  has  been  12s. 
only  53  have  been  cbarged  with  reikis  an(^^^^^  and  nearly 

per  barrack  annually  for  Mac  arla^  .^^^^  ^^^^^^,,1  i^to  the  atrmes. 

the  whole  of  these  expenses  ^^^^^  ^fvei  v  -ow  pap^CT^^^    l^een  published  by  Dr.  Buchanan  and 

2  On  the  dry  luethods  o  ^^"'^if^j^'^Vr^^^^^^^^  to  the  Prwy  Co^mcil,  1870,  pp.  80  and 

%  ^;to'atihSt«i:{  S^^^^^  ^^^--'^^^^^ 

md^ances  in  Totons  and  f^'^^^'to^ raSudll  the  ex^^^^^^^  are  removed  in  boxes  holding 
At  Carlsruhe,  Manuheun,  Kastadt  "•^^  ^^J^^'^'J^'^.'^^u  experience  of  eighteen  yeai^  (1851- 
about  116  cubic  feet  (i^russian)  every  eve  ing.    ^^^^^^  ^  7628  florins  per  annum,  or  about  Is. 
1868),  the  excreta  ot  6351  men  (?»^'}ii,.,f5  ^!^f  "^^^^^^^^^^  and  in  Mannheim  2s.  6d.  per  head, 

lid.  English  money  per  head,       J^^^V^'^^'itis  iuto  iertile  com-Helds. 
This  rich  manure  has  converted  tlie  samiy  ^\  asxts 
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maimfactoiy,  and  there  subjected  to  manipulations  which  convert  it  into  a 
manure. 

Under  the  term  "  Poudrette,"  manufactories  of  this  kind  have  been  long 
carried  on  in  France,  though  they  are  said  not  to  be  very  profitable.  ^  At 
present,  however,  a  portion  of  the  nitrogen  of  the  urea  is  converted  into 
ammonia,  and  is  united  Mdth  sulphuric  acid,  and  comes  into  the  market  as 
sulphate.    In  England,  also,  there  have  been  several  manufactories. 

There  have  been  great  discussions  as  to  the  salubrity  of  the  French 
poudrette  manufactories,  and  the  evidence  is  that  they  are  not  injurious  to  the 
workmen  or  to  the  neighbourhood,  although  often  disagreeable.  But  the 
poudrette  can  take  on  a  kind  of  fermentation  which  renders  it  dangerous,  and 
Parent-Duchatelet  has  recorded  two  cases  of  outbreaks  of  a  fatal  fever 
(typhoid  ?)  on  board  ships  loaded  with  poudrette.  In  the  case  of  the  Eureka 
Company  in  England  no  bad  effect  was  produced  on  the  health  of  the  men. 

Admixture  loith  Deodorising  and  Anti-putrescent  Substances. 

Usually,  however,  some  deodorising  substance  is  mixed  with  the  excreta 
before  they  are  removed  from  the  house,  and  they  are  then  at  once  ajDplied  to 
land  without  further  preparation.  Mr.  Moule's  advocacy  of  the  use  of  dried 
earth  has  brought  into  prominent  notice  the  great  deodorising  powers  of  this 
substance,  and  perhaps  no  suggestion  of  late  years  has  had.  more  important 
consequences.  The  various  substances  employed  to  prevent  odour  and  decom- 
position are  as  follows  : — 

L  Coal  and  Wood  Ashes. — This  is  a  common  practice  in  the  north 
of  England,  and  closets  are  made  with  hinged  flaps  or  seats,  so  that  the  coal 
ashes  may  be  thrown  on  the  sewage.  Sometimes  screens  are  used,  so  that 
the  large  cinders  are  held  back,  and  can  again  be  used  for  firing.  In  some 
towns  there  are  receptacles  (middens)  intended  both  for  excreta  and  ashes ; 
sometimes  these  are  cemented,  but  are  usually  porous,  and  there  may  be  a 
pipe  leading  into  a  sewer  so  as  to  dry  them.  The  midden  system  is  a  bad 
one ;  even  with  every  care,  the  vast  heaps  of  putrefying  material  which 
accumulate  in  some  of  our  towns  must  have  a  very  deleterious  influence  on 
the  health,  and  the  sooner  all  middens  are  abolished  the  better.  The  deodo- 
rising effect  of  coal  ashes  is  very  slight.  The  mixture  of  coal  ashes  and 
excreta  usually  finds  a  sale,  but  the  profit  is  much  greater  if  no  ashes  are 
mixed  with  it._  Wood  ashes  are  far  more  powerful  as  deodorisers,  but  it  is 
not  easy  in  this  country  to  have  a  proper  supply. 

2.  ^  Charcoal~Th.eYQ  is  no  better  deodoriser  than  charcoal. 2  Animal  char- 
coal IS  too  expensive,  and  peat  charcoal  is  cheaper ;  according  to  DancheU,  3 
ounces  of  peat  charcoal  are  equal  to  11  lb  of  earth ;  and  this  author  states 
that  the  cost  of  charcoal  for  a  family  of  six  persons  would  only  be  Is.  6d.  per 
month.  A  plan  has  been  proposed  by  Mr.  Stanford,^  and  is  in  use  at  Glasgow 
which  may  obviate  the  difficulty  of  price.  Mr.  Stanford  proposes  to  obtain 
charcoal  from  sea-weed ;  the  charcoal  is  cheap,  and  remarkably  useful  as  a 
deodoriser.  After  it  has  become  thoroughly  impregnated  with  ffeces  and 
ui-me,  the  mixture  is  re-carbonised  in  a  retort,  and  the  carbon  can  be  again 
used ;  the  distilled  products  (ammoniacal  liquor,  containing  acetate  of  lime 
tar,  gas)  are  sufficient  to  pay  the  cost,  and  it  is  said  even  to  give  a  profit.  ' 

ClLKGienlje.'"^"^  ''''  ^^^^     ^^'^  ^^^^  depOt  of 

l^reilingen  in  Holland,  a  pail  system  is  in  use,  wliere  charcoal  is  emnlovpri  it.»^«  f 
burning  own  refuse.    It  appears  to  >-ield  a  product  of  sufficient  value  to  pTy  ffif  ' 
Umnccd  News,  June  and  October  1 869,  and  February  1872. 
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The  closet  used  with  this  carbon  is,  in  principle,  similar  to  Moiile's  earth 
closet,  with  various  improvements  for  more  thoroughly  mixing  the  charcoal 
and  sewage. 

The  advantages  clahned  hy  Mr,  Stanford's  process  are  the  complete  deodo- 
rising effect ;  the  small  amount  of  charcoal  required  as  compared  with  dry 
earth  (three-fourths  less  required) ;  the  value  of  the  dry  manure,  or  of  the 
distilled  products,  if  the  mixture  is  reburnt ;  and,  in  the  last  case  (burning), 
the  complete  destruction  of  all  noxious  agencies.  In  using  it  the  mixed  char- 
coal and  sewage  may  be  stored  for  some  months  without  odour  in  some  con- 
venient receptacle  outside,  but  not  under  the  house ;  and  Mr.  Stanford  states 
that  all  the  house  urine  can  be  also  allowed  to  flow  into  this  receptacle.^  The 
reburning  of  the  mixture  can  be  done  in  a  gas  retort,  or  a  special  retort  is  built 
for  the  purpose  ;  the  charcoal  left  in  the  retort  is  returned  to  the  house,  _ 

3.  Earth.  Since  the  Eev.  Mr.  Moule  pointed  out  the  powerful  deodorising 

properties  of  dried  earth,  many  diflferent  closets  have  been  proposed. 

Mr.  Moule's  earth  closet  consists  of  a  wooden  box,  with  a  receptacle  below, 
and  a  hopper  above,  from  which  dried  earth  falls  on  the  sewage  when  the 
plug  is  pulled  up.  The  earth  is  pre^dously  dried,  and 'about  1^  to  1|  lb  of 
the  dried  earth  per  head  daily  is  the  usual  allowance.  For  a  smgle  house, 
the  earth  can  be  dried  over  the  kitchen  fire ;  but  if  a  village  is  to  be  suppHed, 
a  small  shed,  fitted  with  tiles,  below  which  smoke  pipes  from  a  small  furnace 
pass  is  required  The  earth  used  in  the  closet  is  sufficient  to  deodorise  the 
solid  excreta,  and  the  portion  of  the  urine  passed  with  them;  but  the  rest  of 
the  urine  and  house  water  has  to  be  carried  off  in  pipes,  and  disposed  ot 
in  some  other  way.  The  receptacle  is  emptied  from  time  to  time,  and  the 
mixture  is  stored  until  it  can  be  apphed  to  land. 

The  advantages  of  this  plan  are  obvious  ;  its  disadvantages  are  the  necessity 
of  collecting,  and  drying,  and  storing  the  earth,  which  for  cottagers  who  have 
little  space,  and  possibly  no  means  of  getting  earth,  is  a  serious  matter  ihe 
supplv  of  dried  earth  to  large  towns  is  almost  a  matter  of  impossibility,  so 
large  is  the  amount  required.^  Again,  the  attention  necessary  to  Prevent  the 
hoSse  water  being  thrown  in,  and  to  remove  the  soil  at  sufficiently  short 
periods,  sometimes  militates  against  the  success.  To  obviate  these  dis- 
advantages, some  modifications  have  been  introduced  into  Moule  s  closet ,  one 
side  of  the  receptacle  may  be  covered  with  a  grating,  leading  to  apipe,  so  that 
all  flu  ds  drain  away,  and  the  house  water  can  be  thro^^al  m.  In  another 
Xn  as  in  Taylor's  improved  closet,  the  urine  is  carried  away  without  mixing 
?al'l  wi  S  thJsolid  excreta.  Sometimes  the  urine  thus  separated  is  led  into 
another  box  of  earth,  and  is  thus  more  easily  disposed  of  if  there  are  no 
rans  of  taking  it  en  irely  away  ;  or  it  is  passed  into  a  tank,  and  then  used 
ns  Squid  manure.  In  another  modification  (Moser's  original  form),  a  partition 
Inrthe  Ct  holds  some  absorbent  substance  (sawdust,  straw),  into  which 
along  me  iiuuu  i  u  separation  of  the  urine 

'^.^S^ZC^^V^^tZt^vZ^Jn.  D...  Cirpenterof  Croydo. 
Xe%:?kiro?etSls  clay,  ^ad.  and  vegetable  hu^s;  when  dried, 

no  difficulty  in  obtaining  and  afterwards  f»i«PO^!"g  for  the  supply  of  earth,  and  for 

80  also  for  sn.all  villages,  if  some  centra  a^thorr^y  '^^f^f^^.J  ^^a^  of  the  earth  system,  see 
the  removal  of  the  used  «f  1-    ^or  a  goo(^^state^^^^^  ^^y^,^,. 
Dr.  Hawksley's  paper  in  the  Keport  of  the  Leammgwn  K.vny 
2  Bailey  Denton,  op.  cit,  p.  102.  , 
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great  attention  to  detail.  In  those  European  stations  where  water  is  not  pro- 
curable, Mr.  Moiile's  invention  has  heen  a  boon  of  great  value,  and  medical 
officers  have  stated  that  nothing  has  been  done  in  India  of  late  years 
which  has  contributed  so  much  to  the  health  and  comfort  of  the  men.^  The 
plan  of  separating  the  urine  from  the  faeces  has  been  strongly  advocated  by 
Dr.  Cornish  of  Madras,  and  would  no  doubt  be  attended  with  great  advantages 
in  India  if  there  are  means  of  disposal  of  the  urine.  The  chief  difficulty  in 
the  European  barracks  in  India  is  felt  during  the  rainy  seasons,  when  the 
mixed  excreta  and  earth  cannot  be  kept  sufficiently  dry. 

In  the  case  of  natives  of  India,  however,  a  serious  difficulty  arises  in  the 
use  of  the  earth  system,  in  consequence  of  the  universal  use  of  water  for 
ablution  after  using  the  closet.  Every  native  takes  with  him  a  small  vessel 
holding  10  to  20  ounces  of  water,  so  that  a  large  amount  of  fluid  has  to  be 
disposed  of.  The  usual  earth  closet  does  not  suffice  for  this.  Mr.  Charles 
Turner,  C.E.,  of  Southampton,  contrived  a  closet  suitable  for  the  native 
family  j2  it  is  unfortunately  too  costly,  and  possibly  a  simple  iron  box,  with 
a  pipe  to  carry  off"  the  urine  and  ablution  water,  would  be  better  suited  for  the 
poorer  classes. 

It  appears  from  the  observations  of  Mr.  Fawcus,  at  the  jail  of  Alipore,  that 
more  earth  must  be  used  for  vegetable  than  for  animal  feeders ;  the  experi- 
ment gave  5'1  lb  avoir.  (2|-  seers)  of  undried  earth  for  the  daily  evacuation 
of  a  vegetable-feeding  Hindoo.  The  urine  discharge  (2  lb)  required  8 '2  S)  of 
eartL  The  earth  was  efficacious  in  proportion  to  the  vegetable  organic  matter 
or  humus.  In  the  experiments  in  this  country  the  clayey  matters  (silicates 
of  alumina)  have  seemed  to  be  chiefly  useful.  In  Indian  jails  and  some 
cantonments  the  trench  system  is  used;  shallow  (1  to  1^  foot  deep)  trenches 
are  dug  in  a  field,  and  earth  is  thrown  over  the  excreta  ;  when  the  trenches 
are  full,  the  whole  is  ploughed  up,  and  vegetables  are  at  once  planted,  trenches 
being  dug  elsewhere  ;  after  two  or  three  crops  this  portion  of  the  field  may  be 
used  again.  Great  importance  is  attached  to  the  early  and  repeated  cropping 
of  the  ground.  3 

4.  Deodorising  Powders. — Instead  of  charcoal  or  earth,  M'Dougall's  or 
Calvert's  carbolic  acid  powders  may  be  used,  and  this  plan  has  been  largely 
adopted  in  some  Indian  stations.  A  comparatively  small  quantity  is  required, 
but  the  smell  of  the  carbolic  acid  and  the  cost  are  somewhat  against  the  plan. 
Dr.  Bond's  preparations  of  Terebene,  viz.,  the  Terebene  powder,  Cupralum, 
&c.,  are  very  efficacious,  and  have  a  pleasant  odour.  Langton- Jones'  Universal 
Disinfecting  Powder  is  inodorous,  but  not  very  powerful 
■  5.  Saiodust  mixed  with  sidphuric  or  carbolic  acid.  —  The  mixture  of 
sulphuric  acid  and  sawdust  has  been  found  to  have  little  efficacy ;  the  carbolic 
acid  has  the  disadvantage  of  the  odour  which  adheres  to  the  clothes. 
Chloralum  powder  is  also  mixed  with  sawdust,  and  is  moderately  effi- 
cacious. 

6.  In  Germany,  SUvern's  deodoriser  (a  mixture  of  lime,  magnesium  chloride, 
and  coal-tar)  is  much  used.  The  Muller-Schiir  deodoriser  is  composed  of  100 
ft)  of  lime,  20  ib  of  powdered  wood  charcoal,  10  S>  of  peat  powder  or  sawdust, 


^  An  account  of  the  Bengal  arrangements  will  be  found  in  the  2nd  edition  of  this  work  p  329 
but  the  plans  have  been  much  altered.  * 

2  This  was  done  at  the  suggestion  of  Dr.  Niven  of  Bombay.  Mr.  Turner's  closet  is  described 
and  figured  in  Dr.  Parke's  Report  on  Hygiene  for  18Q7,  A  rimj  Medical  Report  for  1866  mb- 
lished  1868,  vol.  iii.  p.  307.  '  ^ 

«J        objections  hare  been  made  to  the  dry  earth  system  :— 1.  It  is  almost  impossible  to 
get  nd  of  a  certain  amount  of  smell,  even  with  deodorants.    2.  The  product  is  not  verv  value 
Si^.TT^'"^.*"-^'"-  Gilbert's  analysis,  not  so  valuable  as  good  garden  mould,  even  aftlr  the 
earth  has  been  twice  used.   The  chief  value  is  therefore  a  sanitary  one 
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and  1  lb  of  carbolic  acid  containing  60  to  70  per  cent,  of  real  acid.  After 
mixing,  the  mass  is  put  under  cover  for  a  night  to  avoid  any  chance  of 
self-combustion,  and  when  it  is  dry  it  is  packed  in  barrels.  Lueder  and 
Leidloff's  powder,  consisting  of  ferric  sulphate,  forrous  sulphate,  calcium 
sulphate,  and  a  little  free  sulphuric  acid,  is  also  much  used.  It  is  moderately 
successful. 

Arrangement  of  Closets  on  the  Dry  Plan. 

As  the  excreta  after  being  mixed  with  the  deodoriser  are  in  most  cases  kept 
for  some  days  or  even  weeks  close  to  the  house,  the  same  rules  as  to  position 
and  construction  of  closets  should  be  employed  as  in  the  case  of  water-closets. 
The  closet  should  never  be  in  the  basement,  but  in  the  roof,  or,  better  still,  in 
a  detached  building  or  semi-detached,  and  with  thorough  ventilation  between 
it  and  the  house ;  there  should  be  a  pipe  leading  at  once  to  the  outer  air  from 
the  closet,  and  one  from  the  receptacle. 

The  receptacle  itself  is  usually  movable ;  but  if  not,  it  should  be  most 
carefully  cemented,  so  that  no  leakage  may  occur. 

With  these  precautions  no  odour  will  be  perceived ;  but  it  is  still  very 
desirable  that  the  removal  of  the  soil  should  be  as  frequent  as  possible.  In 
country  houses  there  is  no  difficulty,  but  in  towns  the  removal  can  seldom  be 
more  frequent  than  once  a  week,  and  often  is  only  once  a  month. 

The  forms  of  the  closet  itself  are  numerous.  Those  applicable  to  the  earth 
plan  have  been  already  noticed.  Colonel  Synge,  E.  E.,  has  patented  a  closet 
for  Mr.  Sandford's  charcoal  process  (the  Alver  appliance  for  dry  deodorants). 
In  Germany  and  the  north  of  Europe,  where  the  dry  removal,  but  without 
admixture  with  deodorant  powders,  is  in  much  use,  there  are  various  closets 
in  which  the  urine  and  f  feces  are  separated.^  The  "  air-closet  "  of  Meldhouse 
is  said  to  be  a  good  arrrangement  for  houses.  The  urine  runs  into  a  porcelain 
funnel  fixed  on  the  front  wall  of  the  pan,  and  then  into  an  iron  vessel,  from 
which  it  can  readily  be  removed  through  a  valve  ;  the  solids  fall  into  an  iron 
receptacle  at  the  back  part  of  the  pan.  A  discharge  tube  passes  from  the 
back  and  top  part  of  this  receptacle  into  a  chimney.  Two  opemngs  m  the 
front  wall,  which  can  be  closed  by  valves,  can  be  used  as  inlets  for  the  air. 
If  a  hopper  with  charcoal  or  dried  earth  were  attached  to  this  closet,  it  would 
be  almost  identical  with  Taylor's  improved  closet.^ 

Carhonisation. 

In  1869,  Mr.  Hickey^  of  Darjeeling  (Bengal  Presidency)  proposed  to 
carbonise  the  sewage  in  retorts,  either  with  or  without  previous  admixture 
with  charcoal.  Almost  at  the  same  time  Mr.  Stanford  *  proposed  the  plan 
already  referred  to,  of  the  addition  of  sea-weed  charcoal,  and  subsequent 

distillation.  •     p    ,t.  •  „„i 

In  India  the  difficulty  of  obtainmg  a  remunerative  price  for  the  ammoniacal 
products,  and  the  large  cost  of  the  apparatus  necessary  for  ^yorkmg  the  plan, 
have  been  unfavourable  to  its  success.  Carbonisation  is  now  being  tried  m  this 
country,  and  may  possibly  be  commercially  successful.  Experience  on  y  can 
show  if  it  is  so  ;  but  if  it  will  return  a  profit,  there  can  be  no  question  tha  it 
is  an  excellent  plan  in  a  purely  sanitary  point  of  view.    The  chief  money 

1  Roth  and  Lex  (op.  cit,  p.  454)  give  a  good  ^J^^^-gj;:'^  ^,'r„,? Ba'Sd  p.  fS" 
remarks,  Pettenkofer's  paper  on  the  "  Se.verage  ''\f%}^'lli^^^  urine  and 

a  Dr.  Bond  has  also  invented  a  good  form  ol  ?elf-act  ng  closU  ^^mcn  se^^^ 
•feces.    At  Manchester  and  Salford  the  ?iiider-s,ftnig  closet  of  M^^^^^  is  i"  "^e 

3  The  Carbonisation  or  Dry  Distillation  System  '/C''''.'^''  .'f ''f^.^^  •  ' 
with  a  note  on  Dry  Scimge,  by  F.  J.  Mouat,  M.D^  Dai;]eeling,  ISbJ         ^  .  v._  iggp 

*  "A  Chemist's  View  of  the  Sewage  Question,"  Clwmcal  Aen's,  Jwie  to  October  law. 
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difficulty  in  the  process  is  the  large  amount  of  water  which  has  to  be  driven 
off,  which  greatly  increases  the  expense. 

In  Manchester  Fryer's  patent  method  is  in  operation,  and  it  is  also  being 
applied,  in  whole  or  in  part,  at  Birmingham  and  at  Leeds.  It  consists  of  a 
Destructor,  which  reduces  to  slag  all  the  more  bulky  town  refuse,  such  as 
cinders  and  ashes,  broken  earthenware  and  glass,  which  cannot  be  dealt  with 
except  by  being  accumulated  in  a  rubbish  heap.  This  slag  is  ground,  mixed 
with  lime,  and  sold  as  mortar.  The  apparatus  is  so  arranged  that  none  of  the 
heat  is  lost,  while  the  heated  products  of  combustion  pass  over  fresh  portions 
of  material  and  prepare  it  for  combustion.  The  mass  is  reduced  in  bulk  to 
one-third.  Other  refuse,  such  as  condemned  food,  vegetable  garbage,  street 
sweepings,  and  the  like,  are  reduced  to  charcoal  in  another  apparatus  called 
the  Carboniser.  The  carbon  thus  produced  is  used  for  disinfecting  purposes, 
for  decolorising  the  waste  water  from  factories,  &c.  The  excreta  proper  it  is 
proposed  to  collect  in  pails  and  reduce  to  small  bulk,  by  drying  in  a  closed 
apparatus,  called  the  Concretor ;  the  ammonia  being  fixed  by  the  sulphuric 
acid  fumes  produced  by  the  other  processes.  By  this  means  the  contents  of 
the  pails  are  reduced  to  one-twelfth,  and  a  valuable  manure  obtained,  which 
may  be  either  in  the  form  of  poudrette  or  mixed  with  a  little  charcoal. 

The  Pneumatic  Air  Flan  ^  (Aspiration  Plan). 

A  Dutch  engineer,  Captain  Liernur,  proposed  some  years  since  an 
entirely  novel  plan.  No  water  or  deodorising  powders  are  used ;  the  excreta 
fall  into  a  straight  earthenware  pipe,  leading  to  a  smaller  iron  siphon  jjipe, 
from  which  they  are  extracted  periodically  by  exhaustion  of  the  air.  The 
extracting  force,  which  can  be  used  (by  an  air-pump  worked  by  a  steam- 
engine),  is  said  to  be  equal  to  a  pressure  of  1500  lb  per  square  foot,  which  is 
sutficient  to  draw  the  excreta  through  the  tubes  with  great  rapidity.  The 
plan  has  been  tried  on  the  small  scale  at  Prague,  Eotterdam,  Amsterdam, 
Leyden,  and  Hanau,  also  at  Briinn,  Olmutz,  and  St.  Petersburg,  and  the 

i  The  Sewage  Question,  by  F.  C.  Krepp,  London,  1867.  This  book  was  written  for  the 
pm-pose  of  bringing  the  Liernur  plan  belore  the  public,  and  some  parts  of  it  must  be  taken 
with  limitation. 

Reports  in  Deutsche  Vierteljahrs./iir  offentl.  Gesundsheitspfl. ,  Band  ill.  p.  313  (1871). 
Ibid.,  Band  iii.  p.  312. 

Report  of  Kauff  and  Esser,  in  Deutsche  Vertelj.  Jilr.  off.  Gesundsheitpjl.,  Bandiv.  p.  316. 
These  gentlemen  were  sent  from  Heidelberg  to  investigate  the  plan.  Report  of  Messrs. 
Schroder  and  Lorent  (Ibid.,  Band  iv.  p.  486).  In  this  Report  is  a  good  technical  and  financial 
account. 

_  Ballot  {Medical  Times  and  Gazette,  15th  Feb.  1873)  spoke  favourably  of  it,  and  considered 
it  to  have  been  a  decided  success  in  Amsterdam  and  Leyden.  Gori,  on  the  other  hand  (Med. 
Times  and  Gazette,  8th  March  1873),  replied  to  Ballot,  denied  that  this  is  the  case,  and  declared 
that  in  Amsterdam  all  with  one  consent  say,  "It  is  impracticable."  Ballot  adheres,  however, 
to  his  statement. 

I  saw  the  system  at  work  in  Leyden  in  Sept.  1876,  when  much  of  its  results  and  details  was 
explained  to  me  by  the  late  Professor  Boogaard,  and  again  in  Amsterdam  in  1879,  with  Captain 
Liernur  himself.  It  seemed  very  effectual,  and  there  was  a  total  absence  of  odour,  although 
1  was  present  in  some  of  the  closets  at  the  moment  that  the  contents  were  sucked  away  by  the 
apparatus.  In  Leyden  the  material  is  sold  in  barrels  in  the  liquid  form ;  but  at  Dordrecht, 
where  the  newest  and  most  complete  works  are,  it  is  made  into  poudrette,  which  is  said  to  pay. 
In  this  country,  Mr.  Adam  Scott  has  done  his  best  to  bring  it  to  public  notice  (see  his  papers 
m  the  Builder,  Sanitary  Record,  Public  Health,  &c.).  He  considers  that  it  has  been  shown  by 
nve  years'  experience  in  Holland,  that  the  pneumatic  system,  by  removing  excrement  with- 
out any  possible  pollution  of  air,  soil,  or  water,  has  banished  typhoid  and  diphtheria,  as  well 
as  cholera  and  any  diseases  that  are  conveyed  by  the  discharge  from  the  intestines  The 
tommittee  on  Town  Sewage  (Mr.  Rawlinson  and  Mr.  C.  S.  Reade)  speak  most  disparaeinelv 
01  It,  more  so,  indeed,  than  seems  warranted  by  all  the  evidence.  On  the  other  hand  the 
patent  for  Austria  and  Hungary  has  been  purchased  by  the  Vienna  Joint-Stock  Agricultural 
Society,  who  consider  it  a  success,  both  hygienically  and  financially.— (F.  de  C.)  . 
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opinions  concerning  it  are  very  various.  It  does  not  render  sewers  un- 
necessary; indeed,  the  system  contemplates  an  arrangement  of  sewers  for 
slop  and  other  waters. 

Shone' s  Ejector  System. — This  is  an  opposite  plan  to  Liernur's,  the  agent 
"being  compressed  air  instead  of  exhaustion.  It  has  been  applied  at  Wrexham 
and  at  Eastbourne,  and  is  well  spoken  of. 


Comparison  op  the  different  Methods, 

Much  controversy  has  arisen  on  this  point,  though  it  does  not  appear  that 
the  question  of  the  best  mode  of  removing  excreta  is  really  a  very  difficult  one. 
It  is  simply  one  which  cannot  be  always  answered  in  the  same  way. 

It  will  probably  be  agreed  by  all  that  no  large  town  can  exist  without  sewers 
to  carry  off  the  foul  house  water,  some  urine  and  trade  products,  and  that  this 
sewer  water  must  be  purified  before  discharge  into  streams.  The  only  question 
is,  whether  faecal  excreta  should  also  pass  into  the  sewers. 

It  will  also  be,  no  doubt,  admitted  that  no  argument  ought  to  be  drawn 
against  sewers  from  imperfection  in  their  construction.  The  advocate  of  water 
removal  of  solid  excreta  can  fairly  claim  that  his  argument  pre-supposes  that 
the  sewers  are  laid  with  all  the  precision  and  precaution  of  modern  science ; 
that  the  houses  are  thoroughly  secured  from  reflux  of  sewer  air  ;  that  the  water- 
closets  or  water-troughs  are  properly  used  ;  and  that  the  other  conditions  of 
sufficient  water  supply  and  power  of  disposal  of  the  sewer  water  are  also  present. 
If  these  conditions  are  fulfilled,  what  reason  is  there  for  keeping  out  of  the 
sewer  water  (which  must,  under  any  circumstance  of  urban  life,  be  foul)  the 
solid  excreta,  which,  after  all,  cannot  add  very  greatly  to  its  impurity,  and 
do  add  something  to  its  agricultural  value  1 

That  it  is  not  the  solid  excreta  alone  which  cause  the  difficulty  of  the 
disposal  of  sewer  water  is  seen  from  the  case  of  Birmingham.  That  town  is 
sewered ;  it  contains  nearly  400,000  inhabitants,  and  is  in  the  greatest  difficulty 
how  to  dispose  of  its  sewer  water  ;  yet  the  solid  excreta  of  only  6  per  cent, 
of  the  inhabitants  pass  into  the  sewers,  while  the  solid  excreta  of  the 
remainder  are  received  into  middens.  ^  The  problem  of  disposal  is  as  serious 
for  Birmingham  as  if  all  the  excreta  passed  in. 

That  great  difficulty,  in  fact,  consists  not  so  much  in  the  entrance  of  the  solid 
excreta  into  sewers,  as  in  the  immense  quantity  of  water  which  has  to  be 
disposed  of  in  the  case  of  very  large  inland  towns  with  water-closets.  If 
water-closets  are  not  used,  the  amount  of  water  supplied  to  towns,  and  that  of 
sewer  water,  are  considerably  lessened. 

Looking  to  all  the  conditions  of  the  problem,  it  appears  impossible  for  all 
towns  to  have  the  same  plan,  and  the  circumstances  of  each  town  or  village 
must  be  considered  in  determining  the  best  method  for  the  removal  of 
excreta.  London  is  particularly  well  adapted  for  water  sewerage,  on  account 
of  the  conformation  of  the  ground  north  of  the  Thames,  of  the  number  of 
streams  (which  have  all  been  converted  into  sewers),  and  of  the  comparative 
facility  of  getting  rid  of  its  sewer  water.  The  same  may  be  said  of 
Liverpool  and  many  other  towns.  In  Birmingham,  on  the  other  hand,  the 
inland  position,  the  price  of  land,  and  the  comparative  difficulty  of  getting 
water,  seem  to  render  other  plans  more  desirable.  If  it  had  been  possible, 
years  ago,  to  act  with  our  present  knowledge,  and  to  devise  a  scheme  for 


1  Report  of  the  Birmingham  Sewage  Inquiry  Committee  (1871),  Summary,  p.  11.  It  should, 
liowever,  be  "added  that  two-thirds  of  the  middens  drain  hito  the  sewers,  i.e.,  allow  unne  ana 
some  diffluent  fiscal  matter  to  pass  in.  In  1875,  128,512  tons  of  midden  refuse  were  remo%cd 
and  sent  to  country  depots,  to  be  afterwards  disposed  of  to  farmers. 
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Birmingliam,  it  would  have  been  best  to  have  taken  the  rainfall  into  the 
Eea ;  to  have  had  the  sewers  merely  for  house  and  trade  water  (which  would 
have  given  a  manageable  amount  for  filtration  through  land) ;  and  to  have 
introduced  some  deodorising  dry  plan  for  the  solid  excreta,  and  for  a  part 
of  the  urine,  with  short  periods  of  removal. 

In  many  towns  where  land  is  more  available,  the  immediate  application  to 
land,  either  by  filtration  or  irrigation,  may  be  evidently  indicated  by  the 
conditions  of  the  case,  while  in  others  precipitation  may  have  to  be  resorted 
to  before  application  to  land.  It  does  not  appear  that  precipitation  should  in 
all  cases  precede  irrigation  or  filtration,  though  mechanical  arrest  of  the  large 
suspended  matters  is  necessary.  There  may  be  some  towns,  again,  in  which 
the  impossibility  of  getting  water  or  land  may  necessitate  the  employment  of 
dry  removal ;  and  this  is  especially  the  case  with  small  towns  and  villages, 
where  the  expense  of  good  sewers  and  of  a  good  supply  of  water  is  so  great 
as  to  render  it  impossible  to  adopt  removal  by  water.  It  may,  indeed,  be 
said  that,  in  small  towns  in  agricultural  districts,  the  dry  removal,  if 
properly  carried  out,  will  be  the  best  both  for  the  inhabitants  and  for  the 
land. 

_  The  view  here  taken  that  no  single  system  can  meet  aU  cases,  and  that  the 
circumstances  of  every  locality  must  guide  the  decision,  is  not  a  compromise 
between  opposing  plans,  but  is  simply  the  conclusion  which  seems  forced  on 
us  by  the  facts  of  the  case.  It  does  not  invalidate  the  conclusion  already 
come  to,  that,  where  circumstances  are  favourable  for  its  efiicient  execution, 
the  water  sewage  plan  (with  or  without  interception  of  rainfall)  is  the  best 
for  large  communities. 
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WARMING  OF  HOUSES. 

The  heat  of  the  human  body  cfiii  be  preserved  in  two  ways  :— 

1.  The  heat  generated  in  the  body,  which  is  continually  radiating  and  being 
carried  away  by  moving  air,  can  be  retained  and  economised  by  clothes.  If 
the  food  be  sufficient,  and  the  skin  can  thus  be  kept  warm,  there  is  no  doubt 
that  the  body  can  develop  and  retain  its  vigour  with  little  external  warmth. 
In  fact,  provided  the  degree  of  external  cold  be  not  too  great  (when,  however, 
it  may  act  in  part  by  rendering  the  procuring  of  food  difficult  and  precarious), 
it  would  seem  that  cold  does  not  imply  deficiency  of  bodily  health,  for  some 
of  the  most  vigorous  races  inhabit  the  cold  countries.  In  temperate  climates 
there  is  also  a  general  impression  that  for  healthy  adults  external  cold  is 
invigorating,  provided  food  be  sufficient,  and  if  the  internal  warmth  of  the 
body  is  retained  by  clothing,  ^  r 

2.  External  heat  can  be  apphed  to  the  body  either  by  the  heat  of  the  sun 
(the  great  fountain  of  all  physical  force,  and  vivifier  of  hfe),  or  by  artihciai 
means,  and  in  all  cold  countries  artificial  warming  of  habitations  is  used. 

The  points  to  determine  in  respect  of  habitations  are — 
Is^,  What  degree  of  artificial  warmth  should  be  given? 
2wc?,  What  are  the  different  kinds  of  warmth,  and  how  are  they  to  be  given  { 

SECTION  I. 
DEGREE  OF  WARMTH. 

For  Healthy  Pmows.— There  appears  no  doubt  that  both  infants  and  old 
persons  require  much  artificial  warmth,  in  addition  even  to  abundant  clothes 
and  food  The  lowering  of  the  external  temperature,  especially  when  rapid, 
acts  very  depressingly  on  the  very  young  and  old ;  and  when  we  remember 
the  extraordinary  vivifying  effect  of  warmth,  we  cannot  be  -rpr-^^^^^^^^  ^ 

For  adult  men  of  the  soldier's  age,  who  are  proper  y  fed  and  clothed  it 
probable  that  the  degree  of  temperature  of  the  ^^ouse  is  not  -fl-^^^^^t 
fhit  it  is  chieflv  to  be  regulated  by  what  is  comfortable.    Any  tempeiaturc 
over  Is' up  is  felt  as  comfortable,  though  this  is  dependent  in  part  on 

the  temperature  of  the  external  air.    It  seems  certain  that  for  healthy,  well- 

ctthera"  ^''^  ''''''''''  '''' 

%^:iM:rLt::r^^^^^  we  are  not  in  a  position  at  pi.sent  to  fix  any 
exac?  temperature;  iov  new-born  children  a  ^^^^^^'l^J^^^^^ 
even  more'  may  be  necessary,  and  old  people  bear  with  bsneht  a  still  m,ne 

"'m7.  Persons.-The  degree  of  temperature  for  sick  persons  is  a  matter 
.  in  difl'ereut  persons  ( 
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of  great  importance,  Avhicli  requires  more  investigation  than  it  lias  received. 
There  seems  a  sort  of  general  rule  that  the  air  of  a  sick-room  or  hospital 
should  be  about  60°  Fahr.,  and  in  most  Continental  hospitals,  warmed 
artificially,  this  is  the  contract  temperature  ;  but  the  propriety  of  this  may  h& 
questioned.  1 

There  are  many  diseases  greatly  benefited  by  a  low  temperature,  especially 
all  those  with  preternatural  heat.  It  applies,  almost  without  exception 
(scarlet  fever  1)  to  the  febrile  cases  in  the  acute  stage,  that  it  is  desirable  to- 
have  the  temperature  of  the  air  as  low  as  50°,  or  even  45°  or  40°.  Cold  air 
moving  over  the  body  is  a  cooling  agent  of  great  power,  second  only,  if 
second,  to  cold  eifusion ;  nor  is  there  danger  of  bad  results  if  the  movement 
is  not  too  great.  The  Austrian  experiments  on  tent  hospitals  ^  show  con- 
clusively that  even  considerable  cold  is  well  borne.  Even  in  the  acute  lung 
afiections  this  is  the  case.  Pneumonia  cases  do  best  in  cold  wards,  j)rovided 
there  is  no  great  current  of  air  over  them.  Many  cases  of  phthisis  bear  cool 
ail',  and  even  transitions  of  temperature,  well,  provided  there  be  no  great  move- 
ment of  air.  On  the  other  hand,  it  would  appear  that  chronic  heart  diseases 
with  lung  congestion,  emphysema  of  the  lungs,  and  diseases  of  the  same  class, 
require  a  warm  air,  and  perhaps  a  moist  one.  With  respect  to  the  inflammatory 
affections  of  the  throat,  larynx,  and  trachea,  no  decided  evidence  exists ;  but 
the  spasmodic  affections  of  both  larynx  and  bronchial  tubes  seem  benefited  by 
warmth. 

In  the  convalescence,  also,  from  acute  disease,  cold  is  very  badly  borne ;  no 
doubt,  the  body,  after  the  previous  rapid  metamorphosis,  is  in  a  state  very 
susceptible  to  cold,  and,  like  the  body  of  the  infant,  resists  external  influences 
badly.  Convalescents  from  fever  must  therefore  be  always  kept  warm.  This 
is  probably  the  reason  why  it  is  found  inadvisable  to  transfer  febrile  patients 
treated  in  a  permanent  hospital  to  convalescent  tents,  although  patients 
treated  from  the  first  in  tents  have  a  good  convalescence  in  them,  as  if  there 
were  something  in  habit. 

SECTION  II. 
DIFFERENT  KINDS  OF  WARMTH. 

Heat  is  communicated  by  radiation,  conduction,  and  convection.  The  latter 
term  is  applied  to  the  conveyance  from  one  place  to  another  of  heat  by  means 
of  masses  of  air,  while  conduction  is  the  passage  of  heat  from  one  particle  to 
another — a  very  slow  process.  Practically,  conduction  and  convection  may 
be  both  considered  under  the  head  of  convection. 

Radiant  heat  has  been  considered  by  most  writers  the  best  means  of  warm- 
ing ;  it  heats  the  body  without  heating  the  air,^  and  of  course  there  is  no 
possibility  of  impurity  being  added  to  the  air. 

The  disadvantages  of  radiant  heat  are  its  cost,  and  its  feebleness  at  any  dis- 


It  IS  owing  to  this  rule  that  in  French  hospitals,  artificially  ventilated  and  warmed  by  hot 
air,  the  amount  of  air  is  lessened  and  its  temperature  heightened  in  order  to  keep  up  the  con- 
tract temperature  of  15°  C.  (  =  59°  F.)  The  air  is  often  then  close  and  disagreeable.  A  safe 
general  rule  is  never  to  sacrifice  fresh  air  to  temperature,  except  in  the  most  extreme  cases 
ui  course,  cold  currents  of  air  are  to  be  avoided  if  possible,  but  ic  is  safer,  as  a  rule  to  let  the 
general  temperature  go  down,  rather  than  diminish  the  change  of  air.  In  most  cases  it  can  hn 
compensated  for  by  additional  covering. 

See  Report  on  Hygiene  in  the  Army  Medical  Reports,  vol.  iv.  by  Dr.  Parkes.  The  Prussian.! 
have  also  lately  made  great  use  of  tents  in  the  summer.  ussiaus 
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tance.  The  cost  caa  be  lessened  by  proper  arrangement,  but  the  loss  of  heat 
by  distance  is  irremediable.  The  effect  lessens  as  the  square  of  the  distance 
— i.e.,  if,  at  1  foot  distance  from  the  fire,  the  warming  effect  is  said  to  be 
equal  to  1,  at  4  feet  distance  it  will  be  sixteen  times  less.  A  long  room, 
therefore,  can  never  be  warmed  properly  by  radiation  from  one  centre  of 
heat  only. 

It  has  been  attempted  to  calculate  the  amount  of  air  warmed  by  a  certain 
space  of  incandescent  fire,  and  1  square  inch  has  been  supposed  sufficient  to 
warm  84  cubic  feet  of  air.  But  much  depends  on  the  walls,  and  whether 
the  rays  fall  on  them  and  warm  them,  and  the  air  passing  over  them. 

Eadiating  grates  should  be  so  disposed  as  that  every  ray  is  thrown  out  into 
the  room.  The  rules  indicated  by  Desaguliers  were  applied  by  Rumford. 
Count  Eumford  made  the  width  of  the  back  of  the  grate  one-third  the  width 
of  the  hearth  recess  ',  the  sides  then  sloped  out  to  the  front  of  the  recess  ;  the 
depth  of  the  grate  from  before  backwards  was  made  equal  to  the  width  of  the 
back.  The  sides  and  back  were  to  be  made  of  non-conducting  material  j  the 
chimney  throat  was  contracted  so  as  to  lessen  the  draught,  and  insure  more 
complete  combustion.  The  grate  was  brought  as  far  forward  as  possible,  but 
still  under  the  throat. 

The  open  chimney,  which  is  a  necessity  of  the  use  of  radiant  grates,  is  so 
great  an  advantage  that  this  is  per  se  a  strong  argument  for  the  use  of  this 
kind  of  warming,  but,  in  addition,  there  can  be  little  doubt  that  radiant  heat 
is  really  the  healthiest. 

Still  the  immense  loss  of  heat  in  our  common  English  fire-places  must  lead 
to  a  modification,  and  radiant  heat  must  be  supplemented  by 

Convection  and  Conduction. 

.  The  air  is  heated  in  this  case  by  passing  over  hot  stones,  earthenware,  iron 
or  copper  plates,  hot  water,  steam,  or  gas  pipes.  The  air  in  the  room  is  thus 
heated,  or  the  air  taken  from  outside  is  warmed,  and  is  then  allowed  to  pass 
into  the  room,  if  possible  at  or  near  the  floor,  so  that  it  may  properly  mmgle 
with  the  air  already  there.  The  heat  of  the  warming  surface  should  not  be 
great,  probably  not  more  than  120°  to  140°  Fahr. ;  there  should  be  a  large 
surface  feebly  heated.  The  air  should  not  be  heated  above  75  or  80 
Fahr.,  and  a  large  body  of  air  gently  heated  should  be  preferred  to  a  smaller 
body  heated  to  a  greater  extent,  as  more  likely  to  mix  thorougnly  with  the 

air  of  the  room.  . ,  i     •      i.  a. 

It  does  not  matter  what  the  kind  of  surface  may  be,  provided  it  is  not  too 
hot.  If  it  is,  the  air  acquires  a  peculiar  smell,  and  is  said  to  be  burnt ;  this 
has  been  conjectured  to  be  from  the  charring  of  the  organic  matter,  borne 
have  supposed  the  smell  to  be  caused  by  the  effect  of  the  hot  air  on  the 
mucous  membrane  of  the  nose,  but  it  is  not  perceived  m  air  heated  by  the 
sun.  Such  air  is  also  relatively  very  dry,  and  absorbs  water  eagerly  from  all 
substances  which  can  yield  it.  j  n  ^  ^„iof,Vo 

If  the  air  is  less  heated  (not  more  than  75°)  it  has  no  smell,  and  the  relative 
humidity  is  not  lessened  to  an  appreciable  extent.    Haller  s  experiments 
carried  on  over  six  years  with  the  Meissner  stove  common  m  Germany,  show 
that  there  the  relative  moisture  is  not  lessened  with  ^^^^J^^^^  T^^"™^,  ^^^^^ 
the  same  result  has  been  found  with  the  Cxalton  stoves.    On  the  other  hand 
when  the  plates  are  too  hot,  the  air  may  be  really  too  much  dried  and  Vr 
Sankey  states  that  while  he  never  found  the  difference  between  the^dry^cl 

1  Die  Lufiilng  unci  ErwUnnung  der  Kinderstube  und  des  Kranken  dimmer s,  von  D.  C. 
Haller,  1860,  pp.  29-38. 
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wet  bulbs  in  a  room  warmed  by  radiant  heat  to  be  more  than  8°  Fahr,, 
he  has  noticed  in  rooms  warmed  by  hot  air  a  difiference  of  15°  to  17°  Fahr., 
which  implies  a  relative  humidity,  if  the  temperature  be  60°,  of  only  34  per 
cent,  of  saturation,  which  is  much  too  dry  for  health.  In  this  case  the  air  is 
always  unpleasant,  and  must  be  moistened  by  passing  over  water  before  it 
enters  the  room,  if  possible ;  some  heat  is  thus  lost,  but  not  much.  Of  the 
various  means  of  heating,  water  is  the  best,  as  it  is  more  under  control,  and 
the  heat  can  be  carried  everywhere.  Steam  is  equally  good,  if  waste  steam 
can  be  utilised,  but  if  not,  it  is  more  expensive.  Hot  water  pipes  are 
of  two  kinds  :  pipes  in  which  the  water  is  not  heated  above  200°  Fahr.,  and 
which,  therefore,  are  not  subjected  to  great  pressure  ;  and  pipes  in  which  the 
water  is  heated  to  300°  or  350°  Fahr.,  and  which  are  therefore  subjected  to 
great  pressure.  These  pipes  (Perkin's  patent)  are  of  small  internal  calibre 
(about  J  inch),  with  thick  walls  made  of  two  pieces  of  welded  iron  ;  the  ends 
of  the  pipes  are  joined  by  an  ingeniously  contrived  screw.  In  the  low-pressure 
pipes  there  is  a  boiler  from  which  the  water  circulates  through  the  pipes  and 
returns  again,  outlets  being  provided  at  the  highest  points  for  the  exit  of  the 
air.  In  Perkin's  system  there  is  no  boiler ;  one  portion  of  the  tube  passes 
through  the  fire. 

Mr.  Hood  states  that  5  feet  of  a  4-inch  pipe  will  warm  1000  cubic  feet  in 
a  public  room  to  55°.  In  dwelling-houses  for  every  1000  cubic  feet  12  feet 
of  4-inch  pipe  should  be  given,  and  will  warm  to  65°.  In  shops,  10  feet 
and  in  workrooms  6  feet,  per  1000  cubic  feet  are  sufficient.  If  Perkin's 
pipes  are  used,  as  the  heating  jiower  is  greater,  a  less  amount  does,  probably 
about  two-thirds,  or  a  little  more. 

Steam  piping  is  now  also  much  used,  and  in  some  cases  is  more  convenient 
evert  than  water.  The  Houses  of  Parliament  are  warmed  by  steam  pipes  in 
a  chamber  under  the  floor ;  the  radiating  surface  of  the  pipes  is  increased  by 
soldering  on  to  them  at  intervals  a  number  of  zinc  or  (preferably)  small 
copper  plates.  If  it  is  wished  to  lessen  the  amount  of  heat,  the  pipes,  where 
provided  with  thin  plates,  are  simply  covered  with  a  woollen  cloth. 

The  easy  storing  up  and  conveyance  of  heat  to  any  part  of  the  room  or 
house  by  means  of  water  pipes,  the  moderate  temperature,  and  the  facility  of 
admission  of  external  air  at  any  point  by  passing  the  fresh  air  over  coils  or 
water  leaves,  make  it  certain  that  the  plan  of  warming  by  hot  water  will'  be 
greatly  used  in  time  to  come,  although  the  open  fire-place  may  be  retained  for 
comfort. 

Mr.  George  has  devised  a  gas  stove  (called  the  Calorigen),  which  appears  to 
be  a  decided  improvement  on  the  common  gas  stove.  Gas  is  burnt  in  a 
small  iron  box,  and  the  products  of  combustion  are  carried  to  the  open  air  by 
a  tube.  Another  coiled  tube  runs  up  through  the  box;  this  communicates 
below  with  the  outer  air,  and  above  opens  into  the  rooms.  As  the  fresh  air 
passes  through  this  tube  it  is  warmed  by  the  heat  of  the  gas  stove.  Mr.  Eassie 
speaks  very  well  of  this  stove,  which  he  has  put  up  in  several  places.  He 
says  he  has  known  one  to  be  persistently  capable  of  registering  fifteen  decrrees 
above  the  external  temperature  during  a  very  severe  winter,  and  that  too  in 
a  room  of  over  1700  cubic  feet,  with  the  roof  and  three  sides  constructed  of 
glass. ^  A  coal  calorigen  is  also  made  which  seems  to  answer  well.  Dr.  F  T 
Bond's  Euthermic  stove  is  also  a  very  good  contrivance.  *    *  * 

_  A  plan  which  was  proposed  130  years  ago  by  Desaguliers  is  now  comino- 
into  general  use,  viz.,  to  have  an  air-chamber  round  the  back  and  sides  of  « 
radiating  grate,  and  to  pass  the  external  air  through  it  into  the  room.  Thus 

1  Sanitary  Arrangements  for  Dwellings,  1^74,  p,  140. 
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11  great  economy  of  heat,  and  a  considerable  quantity  of  gently  warmed  air, 
passes  into  tlie  room.  In  Captain  Galton's  grate,  and  in  the  plan  proposed  by 
Mr.  Chadwick  for  cottages,  the  lower  part  of  the  chimney  is  also  made  use  of. 
The  advantages  of  these  grates  are  that  they  combine  a  good  amount  of  cheer- 
ful open  fire,  radiant  heat,  and  chimney  ventilation,  with  supplementary 
warming  by  hot  air,  so  that  more  value  is  obtained  from  the  fuel,  and  larger 
spaces  can  be  more  effectually  warmed.  A  great  number  of  patents  have 
been  taken  out  for  grates  of  this  kind.  The  air-chamber  should  not  be  too 
small,  or  the  air  is  unduly  heated  ;  the  heated  surface  should  be  very  large  : 
fireclay  sometimes  gives  a  peculiar  odour  to  the  air,  which  iron  does  not  do  if 
the  surface  of  iron  be  very  large  and  disposed  in  gills ;  a  combination  also  of 
iron  and  fireclay  is  said  to  be  good,  and  to  give  no  odour.  The  conduit  lead- 
ino-  to  the  air-chamber  should  be  short,  and  both  it  and  the  chamber  should 
be  able  to  be  opened  and  cleaned,  as  much  dust  gets  in.  The  room  opening 
of  the  air-chamber  should  be  so  far  up  that  the  hot  air  may  not  be  at  once 
breathed,  and  there  should  be  no  chance  of  its  being  at  once  drawn  up  the 
chimney.  The  action  of  all  stoves  of  the  kind  is  liable  to  considerable  varia- 
tion from  the  action  of  the  wind ;  and  sometimes  the  current  is  even  reversed 
and  hot  air  is  driven  out. 

Attention  has  been  lately  directed  both  in  France  and  America  to  the  fact 
of  the  comparative  ease  with  which  gases  pass  through  red  hot  cast-iron.  Mr. 
Graham  showed  that  iron  heated  to  redness  will  absorb  4-15  times  its 
vobime  of  carbon  monoxide ;  and  the  experiments  by  MM.  DevUle  and  Troost, 
made  at  the  request  of  General  Morin,  proved  that  in  a  cast-iron  stove  heated 
with  common  coal  there  passed  through  the  metal  in  92  hours  589  C.C.  of  car- 
bon monoxide,!  or  from  -0141  to  -132  per  cent,  of  the  air  which  was  slowly 
passed  over  the  hot  surface.    In  America  Dr.  Derby  2  has  directed  particular 
attention  to  this  point,  and  has  adduced  very  strong  reasons  for  believing  that 
the  decidedly  injurious  effects  produced  by  some  of  the  plans  of  warming 
houses  especially  by  air  passing  over  a  cast-iron  furnace  heated  with  anthracite 
is  due  to  an  adm"ixture  of  carbon  monoxide.    Professor  Coulier  of  the  Val  de 
Grace  ^  has  contended  that  the  amount  of  carbon  monoxide  passing  through  m 
the  experiments  of  Deville  and  Troost  is  really  so  smaU,  that  if  mixed  with 
the  air  of  a  room  which  is  fairly  ventilated,  it  would  be  quite  innocuous ;  and 
he  believes  (from  direct  experiment)  that  the  headache  and  oppressive  feehng 
produced  by  these  iron  stoves  are  really  owing,  as  was  formerly  beheved  to 
the  relative  dryness  of  the  air.    But  evidence  is  adverse  to  this  now.  The 
gas  passes  with  much  greater  difficulty  through  wrought-iron,  or  through  stoves 

lined  with  fireclay.*  i  •  i   -4-  ;c 

A  «reat  number  of  grates  and  stoves  have  been  proposed,  which  it  is 
impossible  here  to  notice.  In  Germany  many  excellent^  stoves  are  now  used 
which  not  only  economise  fuel  but  warm  the  outside  air  which  is  admitted 
round  or  under  them.'^'  The  medical  officer's  advice  will  be  sought  firs  as 
to  the  kind  •  and  second,  as  to  the  amount  of  heat.  He  will  find  no  d  fficidty 
n  oming  o  tlie' conclusion  that  in  most  cases  both  methods  (-diatmn  and 
onve^tion)  should  be  employed  ;  the  air  warmed  by  plates  or  coils  of  water 
pipes  being  taken  fresh  from  the  external  air  andthereby  conducing  to  venti- 

f  ^,  A  J  Tn,i  HJ(^9  rni^pcp  etDeriments  were  first  undertaken  in  con- 
1  Comvtes  Rendus  dc  l'M,  J^^^;;JXt  hi  the  department  of  Haute-Savoie  an  epidemic 

sequence  of  a  statement  by  Di.  Carret  J  f  ,  "^^'^^^^^^^^j.^  i^,,  stoves  were,  and  not  porcelain. 

'h^^£:^S:^^P^^'^  of  Hygieuo  iu  Harvard  Unive„.y. 
:  rBo?dSrS:nSL'fi!;ti-nfof  ,illcatc  a.  a  preventive  agai„«t  the  !»s.ase  of 
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lation.  He  will  be  also  called  on  to  state  the  relative  amount  of  radiant  and 
c'onvected  heat,  and  to  determine  the  heat  of  the  plates,  and  of  the  air  coming 
off  them  and  the  degree  of  humidity  of  the  air.  The  thermometer,  and  the 
dry  and 'wet  bulbs,  will  give  liim  all  the  information  ho  wants  on  these 
points.  1 

1  Mr  Chadwick  has  lately  called  attention  to  the  old  Roman  plan  of  the  Hypocaiist,  where 
the  floor  of  the  room  is  warmed  by  pipes,  or  by  carrying  smoke-flues  imder  it  and  he  has  con- 
trived some  ingenious  plans  to  carry  out  the  idea.  There  can  be  no  doubt  of  the  great  comfort 
of  this  plan,  although  it  appears  to  be  expensive.  Attention  has  been  called,  of  late  years,  to 
heatine  on  the  luhole  house  system,  and  there  can  be  no  doubt  that  this  is  an  excellent  plan  it 
properly  carried  out  and  carefully  supervised.  Drs.  Drysdale  and  Hayward  m  this  country 
(Health  and  Comfort  in  House  Building,  London,  1872),  and  Dr.  Griscom  of  New  York, 
have  devised  ingenious  plans  for  the  purpose.  In  colder  countries,  such  as  Russia,  the  plan  is 
in  general  use,  but  apparently  with  little  or  no  regard  to  proper  supply  of  fresh  air,  or  carrj'ing 
.away  of  foul  air. 
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EXERCISE. 


A  PERFECT  state  of  health  implies  that  every  organ  has  its  due  share  of 
exercise.  If  this  is  deficient,  nutrition  suffers,  the  organ  lessens  in  size,  and 
eventually  more  or  less  degenerates.  If  it  be  excessive,  nutrition,  at  first 
apparently  vigorous,  becomes  at  last  abnormal,  and  in  many  cases,  a  degenera- 
tion occurs  which  is  as  complete  as  that  which  follows  the  disuse  of  an  organ. 
Every  organ  has  its  special  stimulus  which  excites  its  action,  and  if  this 
stimulus  is  perfectly  normal  as  to  quality  and  quantity,  perfect  health  is 
necessarily  the  result. 

But  the  term  exercise  is  usually  employed  in  a  narrower  sense,  and  ex- 
presses merely  the  action  of  the  voluntary  muscles.  This  action,  though  not 
absolutely  essential  to  the  exercise  of  other  organs,  is  yet  highly  important, 
and  indeed,  in  the  long  run,  is  really  necessary;  the  heart  especially  is 
evidently  affected  by  the  action  of  the  voluntary  muscles,  and  this  may  be 
said  of  all  organs,  with  the  exception  perhaps  of  the  brain.  Not  only  the  cir- 
culation of  the  blood,  but  its  formation  and  its  destruction,  are  profoundly  in- 
fluenced by  the  movement  of  the  voluntary  muscles.  "Without  this  muscular 
movement  health  must  inevitably  be  lost,  and  it  becomes  therefore  important 
to  determine  the  effects  of  exercise,  and  the  amount  which  should  be 
taken. 

SECTION  I. 
THE  EFFECTS  OF  EXEECISE. 

(a)  On  the  Lungs — Elimination  of  Garhon, — The  most  important  effect  of 
muscular  exercise  is  produced  on  the  lungs.  The  puhnonary  circulation  is 
crreatly  hurried,  and  the  quantity  of  air  inspired,  and  of  carbon  dioxide  expired, 
is  marvellously  increased.  Dr.  Edward  Smith  investigated  the  first  point 
carefully,  and  the  following  table  shows  his  main  results.  Taking  the  lying 
position  as  unity,  the  quantity  of  air  inspired  was  found  to  be  as  follows  :— 


1 


Walking  and  carrying  63  5),  3-84 
„     118  ft,  4-75 
„      4  miles  per  hour,  5 
„      6         „  7 
Riding  and  trotting,     .  4*05 
Swimming,  .       .       .  4*33 
Treadmill,  .       .       .  5-5 


Lying  position,  . 
Sitting,      .       .  . 
Standing,   .       •       •  1'33 
Singing,     •       •       •  J"^^ 
Walking  1  mile  per  hour,    1  -9 
„       2  „  2-76 

3  „  3-23 

„  and  carrying  34  lb,  3*5 
The  great  increase  of  air  inspired  is  more  clearly  seen  when  it  is  put  in 
this  way :  under  ordinary  circumstances  a  man  draws  in  480  cubic  inches  p^^ 
minute  •  if  he  walks  four  miles  an  hour  he  draws  m  (480  x  5  = )  2400  cubic 
inches  ;  if  six  miles  an  hour  (480  x  7  )  3260  cubic  mches.  Simultaneously 
the  amount  of  carbon  dioxide  in  the  expired  air  is  increased  (Scharlmg  and 
many  others). 


EFFECTS  OF  EXERCISE — EESPIRATION. 


401 


The  most  reliable  observations  in  this  direction  are  thoso  made  by  E.  Smith, 
Hirn,i  Speck,^  and  Pettenkofer  and  Voit.^  As  there  is  no  doubt  that  the 
peculiar  means  of  investigation  render  the  experiments  of  the  last-named 
authors  as  accurate  as  possible  in  the  present  state  of  science,  they  are  given 
briefly  in  the  following  tabled 

Absorption  and  Eliminatioii  in  Rest  and  Exercise. 


Absorption 
of  Oxygen  in 
Grammes. 

Elimination  in  Grammes  of — 

Carbon 
Dioxide. 

Water. 

Urea. 

Rest-day,  

Work-day,  ..... 

708-9 
954-5 

911-5 
1284-2 

828-0 
2042-1 

37-2 
37 

Excess  on  work-day  (with  exception  ) 
of  urea),     ,       .       .       .  .\ 

245-6 

372-7 

1214-1 

-0-2 

In  other  words,  during  the  work-day,  3804  grains  or  8-69  ounces  of  oxygen 
Avere  obsorbed  in  excess  of  the  rest-day,  and  5750  grains  or  13  ounces  in 
excess  of  carbon  dioxide  were  evolved.  Expressing  this  as  carbon,  an  excess  of 
1568  grains  or  3-58  ounces  Avere  eliminated  in  the  work-day.  There  was  an 
excess  of  oxidation  of  carbon  equal  to  34*6  per  cent.,  and  it  must  be 
remembered  that  the  so-called  "  work-day "  included  a  period  of  rest ;  the 
work  was  done  only  during  the  working  hours,  and  was  not  excessive. 

It  will  be  observed  from  these  experiments  that  a  large  amount  of  water 
Avas  eliminated  during  exercise,  while  the  urea  was  slightly  lessened. 

It  seems  certain  that  the  great  formation  of  carbon  dioxide  takes  place  in 
the  muscles  f  it  is  rapidly  carried  off  from  them,  and  if  it  is  not  so,  it  would 
seem  highly  probable  that  their  strong  action  becomes  impossible.  At  any 
rate,  if  the  pulmonary  circulation  and  the  elimination  of  carbon  dioxide  are  in 
any  way  impeded,  the  power  of  continuing  the  exertion  rapidly  lessens.  The 
watery  vapour  exhaled  from  the  lungs  is  also  largely  increased  durincr 
exertion.  " 

Muscular  exercise  is  then  clearly  necessary  for  a  sufficient  elimination  of 
carbon  from  the  body,  and  it  is  plain  that,  in  a  state  of  prolonged  rest,  either 
the  carboniferous  food  must  be  lessened  or  carbon  will  accumulate. 

Excessive  and  badly  arranged  exertion  may  lead  to  congestion  of  the  lungs 
and  even  haemoptysis.  Deficient  exercise,  on  the  other  hand,  is  one  of  the 
causes  which  produce  those  nutritional  alterations  in  the  lung  which  we  class 
as  tuberculous. 

Certain  rules  flow  from  these  facts.  During  exercise  the  action  of  the 
lungs  must  be  perfectly  free  •  not  the  least  impediment  must  be  offered  to  the 
freest  play  of  the  chest  and  the  action  of  the  respiratory  muscles.  The  dress 
and  accoutrements  of  the  soldier  should  be  planned  in  reference  to  this  fact, 
as  there  is  no  man  who  is  called  on  to  make,  at  certain  times,  greater 
exertion.    And  yet,  till  a  very  recent  date,  the  modern  armies  of  Europe  were 

1  LudAvig's  Phys.,  2nd  edit.  Band  i.  p.  743. 

2  Archiv  des  Vereinsfiir  wiss.  Heillc,  Band  vi.  pp.  285  and  289. 

Zntsch.fur  Biologic,  Bands  ii.  and  iii.,  and  Rauke's  Phys.  des  Manschen,  p.  551 
tT,.  0  1  ii""^Ders  given  by  Hirn  and  Speck  are  very  accordant ;  they  will  be  found  ciuoted  in 
the  2nd  edition  of  this  work,  if  it  is  wished  to  refer  to  them.  ^ 

bee  the  observations  of  Valentin  and  others,  and  especially  the  experiments  of  Sn/Pll-nw 
{Benle's  Zeitschrift,  1863,  Band  xvii.  p.  106).   The  amount  of  CO.,  passino-  o/  "om  c  n^if vollf 
muscles  was  indeed  so  great,  and  so  much  in  excess  of  the  0  passinf  to  then"  tha    ?  wa?  p"^ 
ixvl'^V^l*  acidmust  have  been  formed  during  contraction  from  s  iSices  rich  f." 
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drossod  and  accoutred  in  a  fashion  which  took  from  the  soldier,  in  a  great 
degree,  that  power  of  exertion  for  which,  and  for  which  alone,  he  is  selected 
and  trained. 

The  action  of  the  lungs  should  he  watched  when  men  are  being  trained  for 
exertion ;  as  soon  as  the  respirations  become  laborious,  and  especially  if  there 
be  sighing,  the  lungs  are  becoming  too  congested,  and  rest  is  necessary. 

A  second  point  is,  that  the  great  increase  of  carbon  excreted  demands  an 
increase  of  carbon  to  be  given  in  the  food.  There  seems  a  general  accordance, 
amono-  physiologists,  that  this  is  best  given  in  the  form  of  fat,  and  not  of 
starch,  and  this  is  confirmed  by  the  instinctive  appetite  of  a  man  taking 
exertion,  and  not  restrained  in  the  choice  of  food. 

A  third  rule  is,  that  as  spirits  lessen  the  excretion  of  pulmonary  carbon 
dioxide,  they  are  hurtful  during  exercise  ;  and  it  is  perhaps  for  this  reason, 
as  well  as  from  their  deadening  action  on  tiaenerves  of  volition,  that  those  who 
take  spirits  are  incapable  of  great  exertion.  This  is  now  well  understood  by 
trainers,  who  allow  no  spirits,  and  but  little  wine  or  beer.  It  is  a  curious 
fact,  stated  by  Artmann,  that  if  men  undergoing  exertion  take  spirits,  they 
take  less  fat.  Possibly  in  reality  they  lessen  the  amount  of  exertion,  and 
therefore  require  less  fat.    Water  alone  is  the  best  fluid  to  train  on. 

A  fourth  rule  is,  that  as  the  excretion  of  carbon  dioxide  (and  perhaps  of 
pulmonary  organic  matter)  is  so  much  increased,  a  much  larger  amount  of 
pure  air  is  necessary  ;  and  in  every  covered  building  (as  gymnasia,  ridmg- 
schools,  &c.)  where  exercise  is  taken,  the  ventilation  must  be  carried  to  the 
o-reatest  possible  extent,  so  soon  does  the  air  become  vitiated. 

(h)  On  the  Heart  and  Vessels.— The  action  of  the  heart  rapidly  increases 
in  force  and  frequency,  and  the  flow  of  blood  through  all  parts  of  the  body, 
includinc^  the  heart  itself,  is  augmented.  The  amount  of  increase  is  usually 
from  ten  to  thirty  beats,  but  occasionally  much  more.  After  exercise,  the 
heart's  action  falls  below  its  normal  amount;  and  if  the  exercise  has  _  been 
exceedinoly  prolonged  and  severe,  may  faU  as  low  as  fifty  or  forty  per  minute, 
•md  become  intermittent.  During  exertion,  when  the  heart  is  not  oppi;essed, 
its  beats,  though  rapid  and  forcible,  are  regular  and  equable  ;  but  when  it 
becomes  embarrassed,  the  pulse  becomes  very  quick,  smaU,  and  then  unequal, 
and  even  at  last  irregular.  When  men  have  gone  through  a  good  deal  of 
exertion,  and  then  are  called  upon  to  make  a  sudden_  effort,  the  pulse  may 
become  very  small  and  quick  (160-170),  but  still  retam  its  equabihty.  There 
<,Pems  no  harm  in  this,  but  such  exertion  cannot  be  long  contmued. 

The  ascension  of  heights  greatly  tries  a  fatigued  heart.  _  The  accommodation 
of  the  heart  to  great  exertion  is  probably  connected  with  the  easy  flow  ot 
Wood  through  its  own  structure. 

Excessive  exercise  leads  to  affection  of  the  heart ;  rupture  (m  some  few 
cases),  palpitation,  hypertrophy  in  a  good  many  cases,  and  more  rarely  valvular 
disea  e  These  may  be  avoided  by  careful  trammg,  and  a  due  proportion  of 
resT  iniuries  to  vessels  may  also  result  from  too  sudden  or  prolonged  exer- 
tion The  sphygmographic  observations  of  Dr.  Eraser  i  on  the  pulses  of  men 
after  rowing,  show  how  much  the  pressure  is  increased.  ,  , , 

Deficrent^exercise  leads  to  weakening  of  the  heart's  action,  and  probably  to 
dilatation  and  fatty  degeneration.  _ 

Tn  commencing  an  unaccustomed  exercise,  the  lieait  must  be  ciosei} 
watched   eTcessiv^e  rapidity  (120-UO),  inequality,  and  then  irregularity,  ^ 
pott  out  that  rest,  and  then  more  gradual  exercise,  are  necessary,  m  order  that 
the  heart  may  be  accustomed  to  the  work. 

1  Journal  of  PMjsiology ,  Nov.  1868. 
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(c)  On  the  Skin. — The  sldn  becomes  red  from  turgescence  of  the  vessels, 
and  perspiration  is  increased ;  water,  chloride  of  sodium,  and  acids  (probably 
in  part  fatty)  pass  off  in  great  abundance.  Some  nitrogen  passes  oif  in  a 
soluble  form  (urea?),  but  the  amount  is  extremely  small.i  JSTo  gaseous 
nitrogen  is  given  off  in  healthy  men  from  the  sldn. 

Th*e  amount  of  fluid  passing  off  is  not  certain,  but  is  very  great.  Speck's 
experiments  show  that  it  is  at  least  doubled  under  ordinar^'^  conditions. 
Pettenkofer  and  Voit's  experiments  show  even  a  larger  increase.  The  usual 
ratio  of  the  urine  to  the  lung  and  skin  excreta  is  reversed.  Instead  of  being 
1  to  0-5  or  0*8,  it  becomes  1  to  1-7  or  2,  or  even  2-5.  This  evaporation  re- 
duces and  regulates  the  heat  of  the  body,  which  would  otherwise  soon  become 
excessive;  so  that,  as  long  ago  pointed  out  by  Dr.  John  Davy,  the  body  tem- 
perature rises  little  above  the  ordinary  temperature.  No  amount  of  external 
cold  seems  to  be  able  to  hinder  the  passage  of  fluid,  though  it  may  partly 
check  the  rapidity  of  evaporation.  If  anything  check  evaporation,  the  body- 
heat  increases,  and  soon  languor  comes  on  and  exertion  becomes  difficult. 

During  exertion  there  is  little  danger  of  chill  under  almost  any  circum- 
stances ;  but  when  exertion  is  over,  there  is  then  great  danger,  because  the 
heat  of  the  body  rapidly  declines,  and  falls  below  the  natural  amount,  and  yet 
evaporation  from  the  skin,  which  still  more  reduces  the  heat,  continues. 

The  rules  to  be  drawn  from  these  facts  are — that  the  skin  should  be  kept 
extremely  clean ;  during  the  period  of  exertion,  it  may  be  thinly  clothed,  but 
immediately  afterwards,  or  in  the  intervals  of  exertion,  it  should  be  covered 
sufficiently  well  to  prevent  the  least  feeling  of  coolness  of  the  surface. 
Flannel  is  best  for  this  purpose. 

(d)  On  the  Voluntary  Micsdes. — The  muscles  grow,  become  harder,  and 
respond  more  readily  to  volition.  Their  growth,  however,  has  a  limit ;  and 
a  single  muscle,  or  group  of  muscles,  if  exercised  to  too  great  an  extent,  will, 
after  growing  to  a  great  size,  commence  to  waste.  But  this  seems  not  to  be 
the  case  when  all  the  muscles  of  the  body  are  exercised,  probably  because  uo 
muscle  can  then  be  over-exercised.  It  seems  to  be  a  fact,  however,  that  -pw- 
longed  exertion,  without  sufficient  rest,  damages  to  a  certain  extent  the  nutri- 
tion of  the  muscles,  and  they  become  soft. 

The  rules  to  be  drawn  from  these  facts  are,  that  all  muscles,  and  not  single 
groups,  should  be  brought  into  play,  and  that  periods  of  exercise  must  be 
alternated,  especially  in  early  training,  with  long  intervals  of  rest. 

(e)  On  the  Nervous  System. — The  effect  of  exercise  on  the  mind  is  not  clear. 
It  has  been  supposed  that  intellect  is  less  active  in  men  who  take  excessive 
exercise,  owing  to  the  greater  expenditure  of  nervous  force  in  that  direction. 
But  there  is  no  doubt  that  great  bodily  is  quite  consistent  with  extreme 
mental  activity ;  and,  indeed,  considering  that  perfect  nutrition  is  not  possible 
except  with  bodily  activity,  we  should  infer  that  sufficient  exercise  would  be 
necessary  for  the  perfect  performance  of  mental  work.  Doubtless,  exercise 
may  be  pushed  to  such  an  extreme  as  to  leave  no  time  for  mental  cultivation  • 
and  this  is  perhaps  the  explanation  of  the  proverbial  stupidity  of  the  athletge. 
Deficient  exercise  causes  a  heightened  sensitiveness  of  the  nervous  system,  a 
sort  of  morbid  excitability,  and  a  greater  susceptibility  to  the  action  of 
external  agencies. 

(f)  On  the  Digestive  System. — The  appetite  largely  increases  with  exercise 
especially  for  meat  and  fat,  but  in  a  less  degree,  it  would  appear,  for  the 
carbohydrates.    Digestion  is  more  perfect,  and  absorption  is  more  rapid 


.  ^  See  "On  the  Excretion  of  Nitrogen  by  the  Skin,"  by  J.  Byme  Power  -  L  (  '  r  T  1^..^...^ 
^ffs  o/ihe  Royal  Society,  1882,  vol.  xxxiii.  ]..  354.  ^  '  ^ 
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The  circulation  tlirougli  tlie  liver  increases,  and  the  abdominal  circulation  is 
carried  on  with  more  vigour.  Food  must  be  increased,  especially  nitrogenous 
substances,  fats,  and  salts,  and  of  these  especially  the  phosphates  and  the 
chlorides.  1  The  effects  of  exercise  on  digestion  are  greatly  increased  if  it  be 
taken  in  the  free  air,  and  it  is  then  a  most  valuable  remedy  for  some  forms 
of  dyspepsia.2    Conversely,  deficient  exercise  lessens  both  appetite  and 

digestive  power.  ■  ^  ^  a 

(g)  On  the  Generative  Organs.— It  has  been  supposed  that  puberty  is  delayed 
by  physical  exertion,  but  perhaps  the  other  circumstances  have  not  been 
allowed  full  weight.  Yet,  it  would  appear  that  very  strong  exercise  lessens 
sexual  desire,  possibly  because  nervous  energy  is  turned  in  a  special  direction. 

(h)  On  the  Kidneys— The  water  of  the  urine  and  the  chloride  of  sodium 
often  lessen  in  consequence  of  the  increased  passage  from  the  skin.  The 
urea  is  not  much  changed.  The  uric  acid  increases  after  great  exertion;  so 
also  apparently  the  pigment ;  the  phosphoric  acid  is  not  augmented  f  the 
sulphuric  acid  is  moderately  increased;  the  free  carbonic  acid  of  the  urme  is 
increased ;  the  chlorides  are  lessened  on  account  of  the  outflow  by  the  skm  ; 
the  exact  amount  of  the  bases  has  not  been  determined,  but  a  greater  excess 
of  soda  and  potash  is  eliminated  than  of  lime  or  magnesia ;  nothing  certain  is 
known  as  to  hippuric  acid,  sugar,  or  other  substances.* 

(i)  On  the  Bowels.— ThQ  effect  of  exercise  is  to  lessen  the  amount,  partly, 
probably  from  lessened  passage  of  water  into  the  intestines.  The  nitrogen 
does  not  appear  to  be  much  altered.  ^  .      .  i,.,^, 

(Ti)  On  the  Elimination  of  Nitrogen.— A  great  number  of  experiments  have 
been  made  in  the  amount  of  nitrogen  passing  off  by  the  kidneys  during 
exercise.6  The  amount  of  urea  has  been  usuaUy  determined  and  the 
nitrogen  has  been  calculated  from  this  ;  Meissner  has  determined  the  amount 
0  the  creatin,  and  the  creatinine  ;^  while  Fick,  and  Wislicenus  ^oy  a^^^^ 
the  total  nitrogen  (by  soda  lim^in^h^^manne^^ 

though  any  quantity  of  billets  and  legumm^^^^^^ 

of  I  '''^X:^eSllt'~^  lo  the  use  of  thi^  great  amount  of 

'jameTB^aSl!  P^r^vSaZ  and  Surgical  Journal,  1860. 
3  Dr.  Parkes' experiments  pedestrian  (Lancet,  Dec. 

amount  excreted^during  r.t  as  1 


Constituents.  "•^si-  ^       _       _  ]L-743 

TT^oo  _       .       .  i         .       .       .       •  1-287 

•478 
1-520 
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1-424 
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-989 
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,cid,  .  .  .  •  _ 
Chlorine,  ....  | 
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"  '  '  1 
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"^^Tniiediim  of  11"  lioyal  Sxicly,  'J?- ■'?Sf|I'- fir.  Parkea'  wort  On  the  CmipomVm 
of  the  UriiK,  1860,  p.  85.  Since  "'£.1  L„,l  Wisliceim^  Byassoii,  Noj-ca,  Moissnw, 
fej£.«rf  ■  ^M^Stt;*^  i-s.iU.     »  of  .... 

British  Association.  ,   ^  ••  „  oqq 

7  Ilenlc's  Zeitechrift  at.  Med.,  Band  xxxii.  p.  iS^J- 
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nitrogen,  and  Dr.  Parkes  repeated  tlieir  experiments.^  The  experiments  have 
heen  usually  carried  on  by  determining  the  nitrogenous  excretion  in  twenty- 
four  hours  with  and  without  exercise;  but  in  some,  the  period  during  which 
work  was  actually  performed  was  compared  with  previous  and  subsequent 
equal  rest  periods.  Some  experiments  were  performed  on  men  who  took  no 
nitrogen  as  food;  others  were  on  men  on  a  constant  diet,  so  that  the  variation 
produced  by  the  altering  ingress  of  nitrogen  was  avoided  as  far  as  possible. 

In  this  place  it  is  impossible  to  give  an  account  of  these  long  researches, 
and  therefore  only  a  short  summary  can  be  given.  (1)  When  a  period  of 
exercise  is  compared  after  an  interval  with  one  of  rest  (the  diet  being  without 
nitrogen  or  with  uniform  nitrogen),  the  elimination  of  nitrogen  by  the 
kidneys  is  decidedly  not  increased  in  the  exercise  period.  The  experiments 
on  this  point  are  now  so  numerous  that  it  may  be  stated  without  doubt.  It  is 
possible  that  the  elimination  may  even  be  less  during  the  exercise  than  during 
the  work  period.  This  would  appear  in  part  from  some  of  Eanke's  and  Fick 
and  Wislicenus'  experiments  ;  from  Noyes',  as  far  as  regards  the  urea ;  and 
from  Meissner's,  as  far  as  the  creatin  (or  creatinine)  is  concerned ;  while  Dr. 
Parkes  found  a  decrease,  which  was  not  inconsiderable,  both  in  the  total 
nitrogen  and  in  the  urea.  Additional  observations  are,  however,  much 
wanted  on  this  point. 

(2)  When  a  day  of  rest  is  compared  with  a  day  of  work  {i.e.,  a  day  with 
some  hours  of  work  and  some  hours  of  rest),  the  amount  of  nitrogen  is  almost 
or  quite  the  same  on  the  two  days  ;  if  anything  there  is  a  slight  increase  in 
the  nitrogen  on  the  rest  day.  In  a  day  of  part  exercise  and  part  rest, 
it  is  quite  possible  that  there  may  be  compensatory  action,  one  part  balancing 
the  other,  so  as  to  leave  the  total  excretion  little  changed. 

(3)  When  a  period  of  great  exercise  is  immediately  followed  by  an  equal 
period  of  rest,  the  nitrogenous  elimination  is  increased  in  the  latter. 
Meissner's  observations  show  that  this  is  in  part  owing  to  increased  discharge 
of  creatin  and  creatinine ;  Parkes'  observations  also  show  an  increase  of  non- 
ureal  nitrogen.    But  the  urea  is  also  slightly  increased  in  this  period. 

(4)  When  two  days  of  complete  rest  are  immediately  followed  by  days  of 
common  exercise,  the  nitrogenous  elmiination  diminishes  during  the  first  day 
of  exercise  (Parkes). 

_  On  the  whole,  if  the  facts  have  been  stated  correctly,  the  effect  of  exer- 
cise is  certainly  to  influence  the  elimination  of  nitrogen  by  the  kidneys,  but 
within  narrow  limits,  and  the  time  of  increase  is  in  the  period  of  rest  suc- 
ceeding the  exercise ;  while  during  the  exercise  period  the  evidence,  though 
not  certain,  points  rather  to  a  lessening  of  the  elhnination  of  nitrogen. 

It  woulJ  appear  from  these  facts  that  well-fed  persons  taking  exercise  would 
require  a  little  more  nitrogen  in  the  food,  and  it  is  certain,  as  a  matter  of  ex- 
perience, that  persons  undergoing  laborious  work  do  take  more  nitrogenous 
lood.  I  his  IS  the  case  also  with  animals.  The  possible  reason  of  this  will 
appear  presently. 

f  liJ  k'^  Temperature  of  the  Body.— As  already  stated,  the  temperature 
ot  the  body,  as  long  as  the  skin  acts,  rises  little.  Dr.  Clifford-AUbutt,2  from 
Observations  made  on  himself  when  climbing  the  Alps,^  found  his  temperature 

1  Proceedincfs  of  ike  Royal  Society,  No.  89  (1867),  and  No.  94  (1867). 
^  Alpine  Journal,  May  1871.  \  /• 

Monti  '^"'^^  Calberlai  and  his  two  guides,  during  their  ascents  of 

1  Archiv  der  Heilkunde,  1875,  p.  276. 
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fairly  uniform ;  the  most  usual  effect  was  a  slight  rise,  compensated  by  an 
earlier  setting  in  of  the  evening  fall.  0  n  two  occasions  he  noticed  two  curious 
depressions,  amounting  to  no  less  than  4." -5  Fahr.  ;  he  helieves  these  were  due 
to  want  of  food,  and  not  to  exercise  per  se.  In  expermients  on  soldiers  when 
marching,  Dr.  Parkes  found  no  difference  in  temperature  ;  or  if  there  was  a 
very  slic^ht  rise,  it  Avas  subsequently  compensated  for  by  an  equal  tall,  so 
that  the"  mean  daily  temperature  remained  the  same.i  a  decided  rise  lu 
temperature  during  marching  would  then  show  lessening  of  skin  evaporation, 
and  may  possibly  be  an  important  indication  of  impending  sunstroke. 

Changes  m  fhe  Muscles.— ThQ  discussion  on  this  head  involves  so  many 
obscure  physiological  points,  that  it  would  be  out  of  place  to  pursue  it  here  to 
any  length  The  chief  changes  during  action  appear  to  be  these  :— ihere  is 
a  consid^erable  increase  in  temperature  (Helmholtz)  which,  up  to  a  certain 
point  is  proportioned  to  the  amount  of  work.  It  is  also  proportioned  to  the 
kind '  being  less  when  the  muscle  is  allowed  to  shorten  than  if  prevented  from 
shortening  (Heidenhain) ;  the  neutral  or  alkaline  reaction  of  the  tranquil 
muscle  becomes  acid  from  para-lactic  acid  and  acid  potassium  phosphate  ;  the 
venous  blood  passing  from  the  muscles  becomes  much  darker  m  colour,  is 
much  less  rich  in  oxygen,  and  contains  much  more  carbonic  acid  (feczelkow)  ; 
the  extractive  matters  soluble  in  water  lessen,  those  soluble  m  alcohol  increase 
(Helmholtz,  in  frogs) ;  the  amount  of  water  increases  (m  tetanus,  J  Kanke), 
ind  the  blood  is  consequently  poorer  ii.  water ;  the  amount  J   fWn  m 

stated  thl  same  fact  ia  respect  of  the  frog.  The  electro-motor  currents  show 
a  fl prided  diminution  during  contraction.  .... 

Tha  great^m^^^        changcB  go  on  in  the  contracting  muscles  is  certain 
but  their  exact  nature  is  not  clear  ;  according  to  Ludimar  Hermann,3  tbere  is 
aTelly  hke  s^^^^^^^^^^     and  coagulation  of  the  myosin,  -d  the™^^^ 
of  its  orior  form  so  that  there  is  a  continual  splitting  of  the  muscular  struc 
t^  'ZZ  m^^^  carbon  dioxide,  and  a  free  acid  and  this  con- 

ruleslhe  7ain  molecdar  movement.    But  no  direct  evidence  has  been  given 


''^The'increased  heat,  the  great  amount  of  carbon  dioxide,  and  the  disappear- 

sir;;."  V-     B^s&i^  s 

blood  circulating  through  the  muscles.  ,  ^  ^  ^^^^  rest  a 
some  of  Pettenkofer  and  Yoit's  «^P«^^^^«^^^*\  f^j^'^^fd,^^^^^^  part  occurs  in 
certain  amount  of  storage  of  oxygen  ^^^^^^^^^^^^^  Zil  is  'his  stored  up 
the  muscles  themselves.    Indeed,  it  has  been  \ni^  ^  ^ 

1  Proceedings  of  the  Royal  So  f^^^  No.  127  and  No.  136. 

2  Lehrh.  der  Phys.  C^em.,  1868,  p.  rf^^.  ^  Hermann;  Weitcrc  Uniersticli. 

3  Unters.  uber  den  Staff wechsel  der  MnMn  ^ on  vi. 

zitr  phys.  der  Mvskeln,  von  Dr  L  Hemauu,  i»D/.  strong  reasons  for  believing  that! 

*  Heaton  [Quarterly  Joxmial  of  Science,  1868)  has  gn  en 
the  oxidation  goes  on  in  the  blood. 
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oxygen,  and  not  that  breatlied  in  at  the  time,  which  is  used  in  muscular  action. 
The  increased  oxidation  gives  us  a  reason  why  the  nitrogenous  food  must  be 
increased  during  periods  of  great  exertion.  An  increase  in  the  supply  of 
oxygen  is  a  necessity  for  increased  muscular  action ;  but  Pettenkofer  and 
Voit's  observations  have  shown  that  the  absorption  of  oxygen  is  dependent 
on  the  amount  and  action  of  the  nitrogenous  structures  of  the  body,  so  that,  as 
a  matter  of  com-se,  if  more  oxygen  is  required  for  increased  muscular  work, 
more  nitrogenous  food  is  necessary.  But  apart  from  this,  although  experiments 
on  the  amount  of  nitrogenous  elimination  show  no  very  great  change  on  the 
whole,  there  is  no  doubt  that,  with  constant  regular  exercise,  a  muscle  enlarges, 
becomes  thicker,  heavier,  contains  more  solid  matter,  and  in  fact  has  gained 
in  nitrogen.  This  process  may  be  slow,  but  it  is  certain ;  and  the  nitrogen 
must  either  be  supplied  by  increased  food,  or  be  taken  from  other  parts.^ 

So  that,  although  we  do  not  know  the  exact  changes  going  on  in  the 
muscles,  it  is  certain  that  regular  exercise  produces  in  them  an  addition  of 
nitrogenous  tissue. 

Whether  this  addition  occurs,  as  usually  believed,  in  the  period  of  rest  suc- 
ceeding action  when  in  some  unexplained  way  the  destruction,  which  it  is  pre- 
sumed has  taken  place,  is  not  only  repaired,  but  is  exceeded  (a  process 
difficult  to  understand),  or  whether  the  addition  of  nitrogen  is  actually  made 
during  the  action  of  the  muscle,^  must  be  left  undecided  for  the  present. 

The  substances  which  are  thus  oxidised  in  the  muscle,  or  in  the  blood  circu- 
lating through  it,  and  from  which  the  energy  manifested,  as  heat  or  muscular 
movement,  is  believed  to  be  derived,  may  probably  be  of  different  kinds. 
Under  ordinary  circumstances,  the  experiments  and  calculations  of  Fick  and 
Wislicenus,  and  others,  and  the  arguments  of  Traube,  seem  sufficient  to  show 
that  the  non-nitrogenous  substances,  and  perhaps  especially  the  fats,  furnish 
the  chief  substances  acted  upon.  But  it  is  probable  that  the  nitrogenous  sub- 
stances also  furnish  a  contingent  of  energy.  ^  The  exact  mode  in  which  the 
energy  thus  liberated  by  oxidation  is  made  to  assume  the  form  of  mechanical 
motion  is  quite  obscure. 

Tlie  Exhaustion  of  Muscles. 

There  seems  little  doubt  that  the  exhaustion  of  muscles  is  chiefly  owing  to 
two  causes — first,  and  principally,  to  the  accumulation  in  them  of  the  products 
of  their  own  action  (especially  para-lactic  acid) ;  and,  secondly,  from  the  ex- 
haustion of  the  supply  of  oxygen.  Hence  rest  is  necessary,  in  order  that  the 
blood  may  neutralise  and  carry  away  the  products  of  action,  so  that  the  muscle 
may  recover  its  neutrality  and  its  normal  electrical  currents,  and  may  again 


1  The  way  in  which  a  vigorously  acting  part  will  rob  the  body  of  nitrogen,  and  thus  in  some 
cases  cause  death,  is  seen  in  many  cases  of  disease.  A  rapidly  growing  cancer  of  the  liver,  for 
example,  takes  so  much  nitrogen  as  well  as  fat  that  it  actually  starves  the  rest  of  the  body, 
and  both  voluntary  muscles  and  heart  waste.  This  is  the  case,  though  it  is  less  marked,  with 
growing  tumours  of  other  parts,  and  with  great  discharges.  Powerful  muscular  action,  if  the 
food  is  not  increased,  evidently  acts  in  something  the  same  way  ;  the  health  is  greatly  affected, 
and  the  heart  especially  fails. 

2  Proceedings  of  the  Royal  Society,  No.  94,  1867. 

3  Pavy  shows,  in  his  observations  on  Weston  and  Perkins,  that  the  excess  of  nitrogen 
eliminated  during  the  walking  period,  over  the  period  of  rest,  was  equivalent  to  about  542 
foot-tons  per  man  per  diem.  The  total  average  daily  work  done,  he  states,  at  1264  foot-tons, 
but  this  is  an  under-estimate,  as  the  velocity  was  apparently  greater  than  that  of  average 
walking,  the  coefficient  of  which  (^.V)  he  assumes  as  the  proportion  of  resistance.  N.B.—0-a.Q 
grain  of  nitrogen  eliminated,  represents  an  amount  of  albuminate  expended,  capable  of  yielding 
about  2-4  foot-tons  of  potential  energy.  Although  some  of  the  excess  of  nitrogen  eliminated 
aunng  exercise,  as  noted  above,  may  have  been  due  to  disintegration  of  muscle  part  of  it 
was  due  (undoubtedly)  to  changes  in  other  tissues,  but  a  considerable  amount  is  due  to  direct 
oxiaation  ol  albuminous  food. 
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acquire  oxygen  in  sufficient  quantity  for  the  next  contraction.  In  the  case  of 
all  muscles  these  intervals  of  action  and  of  exhaustion  take  place,  in  part  even 
in  the  period  which  is  called  exercise,  hut  the  rest  is  not  sufficient  entirely  to 
restore  it.  In  the  case  of  the  heart,  the  rest  between  the  contractions  (about 
two-thirds  of  the  time),  is  sufficient  to  allow  the  muscle  to  recover  itself 
perfectly. 

The  body  after  exertion  absorbs  and  retains  water  eagerly ;  the  water, 
though  taken  in  large  quantities,  does  not  pass  off  as  rapidly  as  usual  by  the 
kidneys  or  the  skin,  and  instead  of  causiug  an  augmented  metamorphosis,  as 
it  does  in  a  state  of  rest,  it  produces  no  effect  whatever.  So  completely  is  it 
retained,  that  although  the  skin  has  ceased  to  perspire,  the  urine  does  not 
increase  in  quantity  for  several  hours.  The  C[uantity  of  water  taken  is  some- 
times so  great  as  not  only  to  cover  the  loss  of  weight  caused  by  the  exercise, 
but  even  to  increase  the  M'eight  of  the  body. 

We  can  be  certain,  then,  of  the  absolute  necessity  of  water  during  and  after 
exercise,  and  the  old  rule  of  the  trainer,  who  lessened  the  quantity  of  water  to 
the  lowest  point  which  could  be  borne,  must  be  wrong.  In  fact,  it  is  now 
being  abandoned  by  the  best  trainers,  who  allow  a  Uberal  allowance  of  fluid. 
The  error  probably  arose  in  this  way :  if,  during  great  exertion,  water  is 
denied,  at  the  end  of  the  time  an  enormous  quantity  is  often  drunk,  more,  in 
fact,  than  is  necessary,  in  order  to  still  the  overpowering  thirst.  The  sweating 
which  the  trainer  had  so  sedulously  encouraged  is  thus  at  once  compensated, 
and,  in  his  view,  all  has  to  be  done  over  again.  All  this  seems  to  be  a  mis- 
apprehension of  the  facts.  The  body  must  have  water,  and  the  proper  plan 
is  to  let  it  pass  in  in  small  quantities  and  frequently  ;  not  to  deny  it  for  hours, 
and  then  to  allow  ib  to  pass  in  in  a  deluge.  The  plan  of  giving  it  in  small 
quantities  frequently,  does  away  with  two  dangers,  viz.,  the  rapid  passage^  of 
a  large  quantity  of  cold  water  into  the  stomach  and  blood,  and  the  taking 
more  than  is  necessary.^ 

In  the  French  army,  on  the  march,  the  men  are  directed  not  to  drink  :  but 
if  very  thirsty,  to  hold  w^ater  in  the  mouth,  or  to  carry  a  bullet  in  the  mouth. 
It  is  singular,  in  that  nation  of  practical  soldiers,  to  find  such  an  order. 
Soldiers  ought  to  be  abundantly  supplied  with  water,  and  taught  to  take 
small  quantities,  when  they  begin  to  feel  thirsty  or  fatigued.  If  they  are 
hot,  the  cold  water  may  be  held  in  the  mouth  a  minute  or  two  before 
swallowing  as  a  precaution ;  though  there  seems  to  be  no  evidence  of  any  ill 
effects  from  drinking  a  moderate  quantity  of  cold  water,  even  during  the 
greatest  heat  of  the  body.^ 

General  Effect  of  Exercise  on  the  Body,  as  judged  ofhy  the  preceding  facts.  - 
The  main  effect  of  exercise  is  to  increase  oxidation  of  carbon,  and  perhaps 
also  of  hydrogen  ;  it  also  eliminates  water  from  the  body,  and  this  action  con- 
tinues, as  seen  from  Pettenkofer  and  Voit's  experiments,  for  some  time ;  after 
exercise,  the  body  is  therefore  poorer  in  water,  especially  the  blood ;  it 
increases  the  rapidity  of  circulation  everywhere,  as  well  as  the  pressure  on  the 
vessels,  and  therefore  it  causes  in  all  organs  a  more  rapid  outflow  of  plasma 
and  absorption,— in  other  words,  a  quicker  renewal.  In  this  way  also  it 
removes  the  products  of  their  action,  which  accumulate  m  organs  ;  and  restores 


1  It  is  but  right  to  say  that  many  travellers  of  great  experience  have  expressed  great  ieax 
of  water  under  exertion'    Son.e  of  them  have  most  strongly  ^If  Vi^f  ^Iv.^tlve  o^tS St 
like  poison,"  and  have  stated  that  a  large  quantity  of  butter  is  the  best  preventive  of  thirst. 
At  any  rate,  the  butter  may  be  excellent,  but  a  little  water  is  a  necessity. 

2  Horses  also  used  to  be,  and  by  some  are  now,  deprived  or  stmted  of  water  during  exercge. 
But  in  India,  the  native  horsemen  give  their  horses  drink  as  often  as  they  can  and  D i. 
Nicholson  says  this  is  the  case  with  the  Cape  horses  ;  even  when  the  l^^^f  s  are  sweating 
profusely,  the  men  will  ride  them  into  a  river,  bathe  their  sides,  and  allow  them  to  drinlv. 
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the  power  of  action  to  the  various  parts  of  the  body.  It  increases  the  outflow 
of  warmth  from  the  body  by  increasing  perspiration.  It  therefore  strengthens 
all  parts.  It  must  be  combined  with  increased  supply  both  of  nitrogen  and 
carbon  (the  latter  possibly  in  the  form  of  fat),  otherwise  the  absorption  of 
oxygen,  the  molecular  changes  in  the  nitrogenous  tissues,  and  the  elimination 
of  carbon,  wiU  be  checked.  There  must  be  also  an  increased  supply  of  salts, 
certainly  of  chloride  of  sodium ;  probably  of  potassimn  phosphate  and 
chloride.  There  must  be  proper  intervals  of  rest,  or  the  store  of  oxygen,  and 
of  the  material  in  the  muscles  which  is  to  be  metamorphosed  during  contrac- 
tion, canuot  take  place.  The  integrity  and  perfect  freedom  of  action  both  of 
the  lungs  and  heart  are  essential,  otherwise  neither  absorption  of  oxygen  nor 
elimination  of  carbon  can  go  on,  nor  can  the  necessary  increased  supply  of 
blood  be  given  to  the  acting  muscles  without  injury. 

In  all  these  points,  the  inferences  deducible  from  the  physiological  inquiries 
seem  to  be  quite  in  harmony  with  the  teachings  of  experience. 

SECTION  XL 

AMOUNT  OF  EXERCISE  WHICH  SHOULD  BE  TAKEN. 

It  would  be  extremely  important  to  determine,  if  possible,  the  exact 
amount  of  exercise  which  a  healthy  adult,  man  or  woman,  should  take. 
Every  one  knows  that  great  errors  are  committed,  chiefly  on  the  side  of 
defective  exercise.  It  is  not,  however,  easy  to  fix  the  amount  even  for  an 
average  man,  much  less  to  give  any  rule  which  shall  apply  to  all  the  divers 
conditions  of  health  and  strength.  But  it  is  certain  that  muscular  work  is 
not  only  a  necessity  for  health  of  body,  but  for  miud  also ;  at  least  it  has 
seemed  that  diminution  in  the  size  of  the  body  from  deficient  muscular  work 
seems- to  lead  m  two  or  three  generations  to  degenerate  mental  formation. 

The  external  work  which  can  be  done  by  a  man  daily  has  been  estimated 
at  ^th  of  the  work  of  the  horse;  but  if  the.  work  of  a  horse  is  considered  to 
be  equal  to  the  1-horse  power  of  a  steatn  engine  (viz.,  33,000  &  raised  1  foot 
high  per  minute,  or  8839  tons  raised  I  foot  high  in  ten  hours),  this  must  be 
an  ovei-estimate,  as  |Lh  of  this  would  he  1263  tons  raised  1  foot  in  a  day's 
work  of  ten  hours,  i    The  hardest  day's  work  of  twelve  hours  noted  by  Dr. 

lifted  oueirt"''Tn*Frn^^^^^^  ^^^^      S^^^erally  estimated  as  so  many  B  or  tons 

Smemetres  Je  cllZl\  -VTT''^  '"f  ?  "^^''^  kilogrammes  lifted  1  metre.  Kilo- 
guiuimemetres  aie  converted  into  toot-pouuds  by  multiplvine  bv  T'n  brino-  it  mir>a 

Sefu?';st'r4Lw\hr^^-'P^^  lalograLnemetrL  by  -oSS  XJe  Mio^X^l  mayT 
JvT.^  ThL  ^  T  ir^       ^"oi^i^t  Of  work  done.    It  is  taken  from  Dr.  HaugTi ton's  work  (A 


Labodking  Force  of  Man. 

Kind  of  Work. 

Amount  of  Work. 

Authority. 

Pile  driving, 
Pile  driving, 
Turning  a  winch, 

Porters  carrying  goods  and  retuminff ) 
unladen,  .         .         .          .         ^  \ 

Pedlars  always  loaded,  '. 

Porters  cairying  wood  up  a  stair  and  ) 
returning  unloaded,       .          .  f 

Paviours  at  work,  . 

Military  prisoners  at  shot  drill  (3  hours)"  ) 
ami  oakum  picking,  and  drill,   ,         .  f 
ishot  drill  alone  (3  hours) 

312  tons  lifted  1  foot. 
374      „  „ 

303      „  „ 
381       „  „ 
352      „  „ 
310      „  „ 
160-7    „  „ 

Coulomb. 
Lamande. 
Coulomb. 

» 
>> 
}) 

Haughton. 
)) 
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Parkes  was  in  the  case  of  a  workman  in  a  coj^per  rolling- mil].  He  stated 
that  lie  occasionally  raised  a  weight  of  90  lb  to  a  height  of  18  inches,  12,000 
times  a-day.  Supposing  this  to  be  correct,  he  would  raise  723  tons  1  foot 
high.  But  this  much  overpasses  the  usual  amount.  The  same  man's 
ordinary  day's  work,  which  he  considered  extremely  hard,  was  raising  a 
weight  of  124  lb  16  inches,  5000  or  6000  times  in  a  day.  Adopting  the 
larger  number,  this  would  make  his  work  equivalent  to  442 '8  tons  lifted  a 
foot ;  and  this  was  a  hard  day's  work  for  a  powerful  man.  Some  of  the 
puddlers  in  the  iron  country,  and  the  glass-blowers,  probably  work  harder 
than  this ;  but  there  are  no  calculations  recorded.  From  the  statement  of  a 
pedlar,  his  ordinary  day's  work  was  to  carry  28  lb  twenty  miles  daily.  The 
weight  is  balanced  over  the  shoulder, — 14  tt)  behind  and  14  lb  in  front.  The 
work  is  equal  to  419 '5  tons  lifted  1  foot.  It  would,  therefore,  seem  certain 
that  an  amount  of  work  equal  to  500  tons  lifted  a  foot  is  an  extremely  hard 
day's  work,  which  perhaps  few  men  could  continue  to  do.  400  tons  lifted  a 
foot  is  a  hard  day's  work,  and  300  tons  lifted  a  foot  is  an  average  day's  work 
for  a  healthy,  strong  adult. 

The  external  work  is  thus  300  to  500  tons  on  an  average ;  the  internal 
work  of  the  heart,  muscles  of  respiration,  digestion,  &c.,  has  been  variously 
estimated  ;  the  estimates  for  the  heart  alone  vary  from  122  to  277  tons  hf ted 
a  foot.  The  former  is  that  given  by  Haughton,  who  estimates  the  respiratory 
movements  as  about  11  tons  Hfted  a  foot  in  twenty-four  hours.  Adopting  a 
mean  number  of  260  tons  for  all  the  internal  mechanical  work,  and  the  external 
work  of  a  mechanic  being  300  to  500  tons,  this  wHl  amount  to  from  -^th  to 
ith  of  all  the  force  obtainable  from  the  food. 

The  exertion  which  the  infantry  soldier  is  called  upon  to  undergo  is  chiefly 
drill  and  carrying  weights  on  a  level,  or  over  an -uneven  surface. 

The  Eeverend  Professor  Haughton,  M.D.,  who  is  so  well  known  for  his 
important  contributions  to  physiology  and  medicine,  has  shown  that  walking 
on  a  level  surface  at  the  rate  of  about  3  miles  an  hour  is  equivalent  to 
raisino-  ^  th  part  of  the  weight  of  the  body  through  the  distance  walked;  an 
easy  calculation  changes  this  into  the  weight  raised  1  foot.  When  ascending 
a  height  a  man  of  course  raises  his  whole  weight  through  the  height  ascended. 

Using  this  formula,!  and  assuming  a  man  to  weigh  150  lb  with  his  clothes, 
we  get  the  following  table:-  ^^^^^  ^^^^  ^^^^ 

Kind  of  Exercise.  lifted  one  foot. 

17-67 
35-34 


Walking  1  mile, 
2 


5J 


10  „     .      .      •  • 

20  „  . 

1  „       and  carrying  60  lb, 

2  5>  " 

10  „ 

20  „  „ 


176-7 

353-4 
24-75 
24-75 

247-5 

495 


It  may  be  interesting  to  give  some  examples  of  work  done  iu  India  by  natives,  which  have 
been  noted  by  Dr.  ^^.^11^"™°^^*  J"    Punkabarree  to  Darjeeling  (30  miles,  and  an  ascent  of 

^i°The  formula  is  V+Zlx^  ;  ,vhere  W  is  the  weight  of  the  person,  W  the  weight  car- 
ried; D  the  distance  ^ISie^  ;  20  the  coefficient  of  traction  ;  and  2240  the  number  of 
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It  is  thus  seen  that  a  march  of  10  miles,  with  a  weight  of  60  ib  (which  is 
nearly  the  weight  a  soldier  carries  when  in  marching  order,  but  without 
blankets  and  rations),  is  a  moderate  day's  work.  A  20  miles'  march,  with  60  B) 
weight,  is  a  very  hard  day's  work.  As  a  continued  labouring  effort.  Dr. 
Haughton  believes  that  walking  20  miles  a-day,  without  a  load  (Sunday 
being  rest),  is  good  work  (353  tons  lifted  a  foot)  ;  so  that  the  load  of  60  It) 
additional  would  make  the  work  too  hard  for  a  continuance.^ 

It  must,  however,  be  remembered,  that  it  is  understood  that  the  walking  is 
on  level  ground,  and  is  done  in  the  easiest  manner  to  the  person,  and  that  the 
weights  which  are  carried  are  properly  disposed.  The  labour  is  greatly 
increased  if  the  walk  is  irksome,  and  the  weights  are  not  well  adjusted.  And 
this  is  the  case  with  the  soldier.  In  marching,  his  attitude  is  stiff ;  he 
observes  a  certain  time  and  distance  in  each  step ;  he  has  none  of  those  shorter 
and  longer  steps,  and  slower  and  more  rapid  motion,  which  assist  the  ordinary 
pedestrian.  It  may  be  questioned,  indeed,  whether  the  formula  does  not 
imder-estimate  the  amount  of  work  actually  done  by  the  soldier.  The  work 
becomes  heavier,  too,  i.e.,  more  exhausting,  if  it  is  done  in  a  shorter  time  ;  or, 
in  other  words,  velocity  is  gained  at  the  expense  of  carrying  power. ^  The 
velocity,  in  fact,  i.e.,  the  rate  at  which  work  is  done,  is  an  important  element 
in  the  question,  in  consequence  of  the  strain  thrown  on  the  heart  and  lungSi 
The  Oxford  boat  races — rowing  at  racing  speed  ( =  1  mile  in  7  minutes)  in  a,n 
Oxford  eight-oar,  or  18-56  foot-tons  in  7  minutes,^  is  not  apparently  very  hard 

pounds  in  a  ton.  The  result  is  the  number  of  tons  raised  1  foot.  To  get  the  distance  in  feet, 
multiply  5280  by  the  number  of  miles  walked. 

1  I  calculated  the  work  done  by  the  sledge-parties  in  the  Arctic  Expedition  of  1875-6,  and 
tound  that  the  Northern  party  (Markham's),  did  a  mean  of  574  foot-tons  per  man  per  diem, 
a  maxmium  of  859  ;  the  Western  party  (Aldi-ich's)  did  a  mean  of  443,  and  a  maximimi  of 
over  ^00.  Even  this  large  amount  was  considered  an  imder-estimate  by  the  Commanders. 
(beelieport  of  Committee  on  Outbreak  of  Scurvy  (Blue  Book),  App.  24,  p.  365).— [P.  de  C.j 

-  Dr.  Haughton  {Principles  of  Animal  Mechanics,  2nd  ed.  pp.  56  and  57)  has  determined, 
from  the  calculations  of  the  MM.  Weber,  the  coefficient  of  resistance  for  three  velocities,  as 
loUows  : —  ' 

Miles  per  hour.  Co-efficient  of 

Resistance. 

1"818         .  .  1 

4-353  .1^ 
10-577 

Interpolating  between  these  numbers  we  can  obtain  the  coefficients  at  other  Velocities.  The 
lollowmg  table  shows  the  coefficients,  the  distance  in  miles  that  would  equal  300  foot- tons  for 
a  man  ot  l&O  lb,  and  the  time  in  hours  and  minutes  that  would  be  required  withotit  rest  :— 

Velocity  in  Miles 
per  hour. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Se  frw1?iPh*+)^  cuo exponas  very  neariy  to  3-1  miles  an  hour,  and  this  appears  to  be  the 
See  TaWp  YV  rT^'^'^^i  °^  ^""i}'  the  least  expencUture  of  ener'y 

iJ^  -7    1^  '\Y^";'  P-  1^^'  Lectures  on  State  Medicine,  by  F.  de  Chaumont  )    As  v^^lvJu 
S  o?/'  ^'V  ^^"g^^ton  states  the  "  Law  of  Fatigue  "  as'  follows  :-"  men  the  same  muscle 
(or  group  of  muscles  is  kept  in  constant  actioS  till  fati-ue  sets  in   the  tot^l  wnrlr  ^ 
multiplied  by  the  rate  of  work,  is  constant."    The    LawTRefreii^^^nt  "  dei.^^^^^^ 

wo^k  St^Slt  T^'^  ™r^^^^'  '''''  the"'.  cSeTof  RdStent is'S  : 

worK  restored  to  the  muscles  in  loot-pounds  per  ounce  of  muscle  ner  sppond  •  fm-  \ 

r.t»L'iS°"evTrS?irF'rc")' ^^^^^^ 'mi^:i'^^o^ 

3  Training,  by  A.  Maclaren,  p.  168. 


Coefficient  of 
Resistance. 

Distance  for  Slen  of 
160  tb,  t  o  equal 
300  foot-tons. 

Time  required  in 
Hours  and  Minutes. 

H.  M. 

30-2 

30 

12 

21-2 

10 

36 

1: 

16-3 

5 

24 

13-3 

3 

18 

11-2 

2 

36 

9-6 

1 

36 

8-5 

1 

12 

7-6 

0 

57 

1 

STsrs 

6-9 

0 

46 

6-3 

0 

38 
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work,  but  it  is  very  severe  for  the  time,  as  its  effect  is  great  on  the  circulatory 
system. 

Looking  at  all  these  results,  and  considering  that  the  most  healthy  life  is 
that  of  a  man  engaged  in  manual  labour  in  the  free  air,  and  that  the  daily 
work  will  probably  average  from  250  to  350  tons  Hfted  1  foot,  we  can  perhaps 
say,  as  an  approximation,  that  every  healthy  man  ought,  if  possible,  to  take 
a  daily  amount  of  exercise  in  some  way,  which  shall  not  be  less  than  1 50  tons 
lifted  1  foot.  This  amount  is  equivalent  to  a  walk  of  about  9  miles ;  but 
then,  as  there  is  much  exertion  taken  in  ordinary  business  of  life,  this  amount 
may  be  in  many  cases  reduced.  It  is  not  possible  to  lay  down  rules  to  meet 
all  cases ;  but  probably  every  man  with  the  above  facts  before  him  could  fix 
the  amount  necessary  for  himself  with  tolerable  accuracy. 

In  the  case  of  the  soldier,  if  he  were  allowed  to  march  easily,  and  if  the 
weights  were  not  oppressively  arranged,  he  ought  to  do  easily  12  miles  daUy 
for  a  long  time,  provided  he  was  allowed  a  periodical  rest.  But  he  could  not 
for  many  days,  without  great  fatigue,  march  20  miles  a  day  with  a  60  &  load, 
unless  he  were  in  good  condition  and  well  fed.  If  a  greater  amount  still  is 
demanded  from  him,  he  must  have  long  subsequent  rest.  But  all  the  long 
marches  by  our  own  or  other  armies  have  been  made  without  weights,  except 
arms  and  a  portion  of  ammunition.  Then  great  distances  have  been  traversed 
by  men  in  good  training  and  condition. 


SECTION  III. 


TRAINING. 

The  aim  of  the  "Trainer"  is  to  increase  breathing  power;  to  make  the 
muscular  action  more  vigorous  and  enduring,  and  to  lessen  the  amount  of  fat. 
He  arrives  at  his  result  by  a  very  careful  diet,  containing  little  or  no  alcohol; 
by  regular  and  systematic  exercise ;  and  by  increasing  the  action  of  the 
eliminating  organs,  especially  of  the  skin.  n  • 

What  the  "  Trainer  "  thus  accomplishes  is  m  essence  the  toUowing  :  a  con- 
cordant action  is  established  between  the  heart  and  blood-vessels,  so  that  the 
strong  action  of  the  heart  during  exercise  is  met  by  a  moi;e  perfect  dilatation 
of  the  vessels,  and  there  is  no  blockage  of  the  flow  of  blood  ;  m  the  lungs,  the 
blood  not  only  passes  more  freely,  but  the  amount  of  oxygen  is  increased,  and 
the  gradual  improvement  in  breathing  power  is  weU  seen  when  horses  are 
watched  during  training.  This  reciprocal  action  of  heart  and  blood-vessels  is 
the  most  important  point  in  training;  the  nutrition  of  nei^es  and  muscular 
fibres  improves  from  the  constant  action,  and  the  abundant  supply  of  food, 
the  tissue  changes  are  more  active,  and  elimination,  especially  of  carbon,  in- 
creases    A  higher  condition  of  health  ensues,  and  if  not  carried  to  excess, 

training"  is  simply  another  word  for  healthy  and  vigorous  living.^ 


1  Of  cou.e,  over-training  -ay     J-  S^S^^M^^^^ 
St  sit  iiSro^tl^^i^^^       published  auseful  Httle  book,  JC^rcise 
aSlra^ZX^-        M.D.,  with  some  good  advice  on  training. 


CHAPTER  XIIL 


CLOTHING. 

The  objects  of  clothing  are  to  protect  against  cold  and  against  warmth. ;  all 
other  uses  will  be  found  to  resolve  themselves  into  one  or  other  of  these. 

The  subject  naturally  divides  itself  into  two  parts — 1st,  The  materials  of 
clothing  ;  and  2nd,  The  make  of  the  garments,  which  will  be  considered  in 
Book  II.,  and  only  as  far  as  the  soldier  is  concerned. 

Materials  of  Clothing. 

The  following  only  will  be  described  : — Cotton,  linen,  jute,  wool,  silk, 
leather,  and  india-rubber. 

Chemical  Reaction. — These  materials  are  all  easily  distinguished  by  micro- 
scopical characters,  but  certain  chemical  reactions  may  be  useful.  Wool  and 
silk  dissolve  in  boiling  liquor  potasste  or  liquor  sodse  of  sp.  gr,  1040  to  1050  ; 
cotton  and  linen  are  not  attacked.  "Wool  is  little  altered  by  lying  in  sulphuric 
acid,  but  cotton  and  linen  change  in  half  an  hour  into  a  gelatinous  mass, 
which  is  coloured  blue  by  iodine.  Silk  is  slowly  dissolved.  Wool  and  silk 
take  -a  yellow  colour  in  strong  nitric  acid ;  cotton  and  linen  do  not.  So  also 
wool  and  sQk  are  tinged  yellow  by  picric  acid ;  cotton  and  linen  are  not,  or 
the  colour  is  slight^  and  can  be  washed  off.  Silk,  again,  is  dissolved  by  hot 
concentrated  chloride  of  zinc,  which  will  not  touch  wool.  In  a  mixed  fabric 
of  silk,  wool,  and  cotton,  first  boil  in  strong  chloride  of  zinc,  and  wash ;  this 
gets  rids  of  the  silk  ;  then  boil  in  liquor  sodse,  which  dissolves  the  wool,  and 
the  cotton  is  left  behind.  Another  reagent  is  recommended  by  Schlesinger, 
viz.,  a  solution  of  copper  in  ammonia;  this  rapidly  dissolves  silk  and 
cotton,  and,  after  a  longer  time,  linen  ;  wool  is  only  somewhat  swollen  by  it. 
By  drying  thoroughly  first,  and  after  each  of  the  above  steps,  the  weight  of  the 
respective  materials  can  be  obtained.  ^ 

Cotton — Microscopic  Characters. — A  diaphanous  substance  forming  fibres 
about  4oVir*h  of  an  inch  in  diameter,  flattened  in  shape,  and  riband-like,  with 
an  interior  canal  which  is  often  obliterated,  or  may  contain  some  extractive 
matters,  borders  a  little  thickened,  the  fibres  twisted  at  intervals  (about 
600  times  in  an  inch).    It  has  been  stated  that  the  fresh  cotton  fibre  is  a 


If  other  fabrics  than  those  mentioned  in  the  text  have  to  be  examined,  the  best  book  to 
consult  IS  Dr.  Schlesmger's  Mikroscopische  Uniersuch.  der  Gespinnst-Fasern  (Zurich  1873) 
where  plates  will  be  found  of  many  of  the  fibres  of  commerce.    The  following  are  the  chief 
reagents  used  by  Schlesinger  -.—Ist,  Strong  and  weak  sulphuric  acid,  to  dissolve  or  swell  out 
the  fabres,  and  also,  with  iodine,  to  test  for  cellulose.    2nd,  Nitric  acid,  especially  to  show  thp, 
markings.    Zrd,  Chromic  acid,  as  the  best  solvent  for  the  intercellular  substance  and  for  th^ 
swelling  out  in  solution  of  the  cellulose ;  it  is  often  used  with  sulphuric  acid.  '  Ath  Dibit! 
tincture  of  iodine,  which  is  added  to  cellulose,  and  then  sulphuric  acid  is  used.    Uh  Sol'ntim, 
copper  made  by  dissolving  metallic  copper  in  ammonia;  tliis  dissolves  cell-membrane  fi//, 
bulphate  of  aniline,  which  colours  lignite  yellow.     1th,  Liquor  potassaj  (dilute)  tr'rPmW 
the  fabrics  transparent.    He  advises  the  fabric  to  be  put  on  a  slip  of  glass  aiiH  thl  I  a 
0  water  to  be  placed  on  it :  then  a  needle  should  be  Aawn  two  o?threltimes  hi  t he  ?li;.n^ 
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cylindrical  hair  with  thin  walls,  which  collapses  and  twists  as  it  becomes  dry. 
Iodine  stains  them  brown  ;  iodine  and  sulphuric  acid  (in  very  small  quan- 
tities) give  a  blue  or  violet-blue  ;  nitric  acid  does  not  destroy  them,  but 
unrolls  the  twists. 

As  an  Article  of  Dress.' — The  fibre  of  cotton  is  exceedingly  hard,  it  wears 
well,  does  not  shrink  in  washing,  is  very  non-absorbent  of  water  (either  into 
its  substance,  or  between  the  fibres),  and  conducts  heat  rather  less  rapidly 
than  linen,  but  much  more  rapidly  than  wool.^ 

The  advantages  of  cotton  are  cheapness  and  durability ;  its  hard  non- 
absorbent  fibre  places  it  far  below  wool  as  a  warm  water-absorbing  clothing. 
In  the  choice  of  cotton  fabrics  there  is  not  much  to  be  said ;  smoothness, 
evenness  of  texture,  and  equality  of  spinning,  are  the  chief  points. 


r  r- 
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Fig.  93.— Cotton  x  285. 


Fig.  94.— Linen  x  285. 


In  cotton  shirting  and  calico,  cotton  is  alone  used  ;  in  merino  and  other 
fabrics  it  is  used  with  wool,  in  the  proportion  of  20  to  50  per  cent,  of  wool, 
the  threads  being  twisted  together  to  form  the  yarn. 

Linen— Microscopic  Characters.— The  fibres  are  finer  than  those  of  cotton, 
diaphanous,  cylindrical,  and  presenting  little  swellings  at  tolerably  regular 
intervals  The  elementary  fibres  (of  which  the  mam  fibre  is  composed)  can 
be  often  seen  in  these  swellings,  and  also  at  the  end  of  broken  threads  which 
have  been  much  used.  The  hemp  fibre  is  sometbmg  ike  this,  but  much 
coarser,  and  at  the  knots  it  separates  often  into  a  number  of  smaUer  fibres. 
Silk  is  a  little  like  linen,  but  finer,  and  with  much  fewer  knots. 

As  an  Article  of  Clothina.—Uneu  conducts  heat  and  absorbs  water  slightJ) 


>  Experiments  on  the  conducting  power  of  materials  by 
the  Vaf  de  Grace),  and  l,y  Dr.  Hammond  (late  Surgeon-General,  United  States  Army). 


MICROSCOPICAL  CHARACTERS  OF  FIBRES. 
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better  than  cotton.  It  is  a  little  smoother  tlian  cotton.  As  an  article  of 
clothing  it  may  be  classed  with  it.  In  choosing  linen  regard  is  had  to  the 
evenness  of  the  threads,  and  to  the  fineness  and  closeness  of  the  texture.  The 
colour  should  be  white,  and  the  surface  glossy.  Starch  is  often  used  to  give 
glossiness.    This  is  detected  by  iodine,  and  removed  by  the  first  washing. 


Fig.  95.    Silk  x  285. 

Jute. — Jute  is  now  very  largely  used,  and  appears  to  enter  into  the 
adulteration  of  most  fabrics.    Jute  is  obtained  from  the  Corchorus  capsiilaris, 


Fig.  96.— Jute— United  and  single  elongated  cellular  tissues.    Resinous  (?)  matter  idlK^rnicr 

more  or  less  to  all  the  fibres.  ' 

and  comes  to  England  from  Kussia  and  India.  The  fibres  are  of  consider 
able  length,  are  hollow,  thickened,  and  with  narrowings  and  constrictions 
m  me  tubular  portions ;  sometimes  an  air-bubble  may  be  in  the  fibre  as 


416 


CLOTHING. 


sliown  in  the  drawing.    The  drawing,  by  Dr.  Maddox,  shows  the  differences 
between  the  jute  and  cotton  or  linen. 

Wool — Microscopic  Characters. — Round  fibres,  transparent  or  a  little 
hazy,  colourless,  except  when  artificially  dyed.  The  fibre  is  made  up  of  a 
number  of  little  cornets,  which  have  become  united.  There  are  very  evident 
slightly  oblique  cross  markings,  which  indicate  the  bases  of  the  cornets ;  and 
at  these  points  the  fibre  is  very  slightly  larger.  There  are  also  fine  longitu- 
dinal markings.  There  is  a  canal,  but  it  is  often  obliterated.  When  old 
and  worn,  the  fibre  breaks  up  into  fibrillse  ;  and,  at  the  same  time,  the  slight 
prominence  at  the  cross  markings  disappear,  and  even  the  markings  become 
indistinct.  By  these  characters  old  wool  can  be  recognised.  Size  of  fibres 
varies,  but  an  average  is  given  by  the  figure.  The  finest  wools  have  the 
smallest  fibres. 

As  an  Article  of  Clotliing. — Wool  is  a  bad 
conductor  of  heat  and  a  great  absorber  of 
water.    The  water  penetrates  into  the  fibres 
themselves  and  distends  them  (hygroscopic 
water),  and  also  lies  between  them  (water  of 
interposition).     In   these    respects  it  is 
greatly  superior  to  either  cotton  or  linen, 
its  power  of  hygroscopic  absorption  being 
at  least  double  in  proportion  to  its  Aveight, 
i  and  quadruple  in  proportion  to  its  surface. 
This  property  of  hygroscopically  absorb- 
ing water  is  a  most  important  one.  During 
perspiration  the  evaporation  from  the  sur- 
face of  the  body  is  necessary  to  reduce  the 
heat  which  is  generated  by  the  exercise. 
When  the  exercise  is  finished,  the  evapora- 
tion still  goes  on,  and,  as  already  noticed, 
to  such  an  extent  as  to  chill  the  frame. 
When  dry  woollen  clothing  is  put  on  after 
exertion,  the  vapour  from  the  surface  of  the 
body  is  condensed  in  the  wool,  and  gives 
out  again  the  large  amount  of  heat  which 
had  become  latent  when  the  water  was 
vaporised.     Therefore  a  woollen  covering, 
from  this  cause  alone,  at  once  feels  warm 
when  used  during  sweating.     In  the  case 
of  cotton  and  linen  the  perspiration  passes 
through  them,'  and  evaporates  from  the  external  surface  without  condensation  : 
the  loss  of  heLt  then  continues.  _  These  facts  make  it  plain  why  dry  woollen 
clothes  are  so  useful  after  exertion.^  

'     ^       ,    „      TZTi^T'T^iT^nl    Band  i  p.  185)  some  experiments  showing  tlie  hygroscopic 
1  PettenkofBT  gives  {Zt.  ,f  ^^e  Sows  that  linei  not  only  absorbs  nnich  less  water, 

power  of  ^oo^as  compared  with  Imen^    He  s^^ows  taat  ^       ^^^^^^^^     U,^,,,  ,„a 

but  parts  withitmnch  ^of^^^Xr  4^^!^^^^^^ 

flannel  being  exposed  to  the  air  aftei  bemg  ^jfJ^^fl^^^^^J^^^^nly  4-858  grammes  of  water.  Sub- 
lost  in  75  minutes  5:993  grammes  and  t^^^^^^^  expected,  as  it  was  becoming 

^^:?^;s^o^aing,..^ 

^«it\h— sfi^llS  w:»^^^  =  -po^sity, 

in  fact,  is  only  one  element  in  the  consideration. 


Fig.  97.— Wool  X  285. 
Scale,  x^W^  iiic^- 
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In  addition  to  this,  the  texture  of  wool  is  warmer,  from  its  bad  conduct- 
ing power,  and  it  is  less  easily  penetrated  by  cold  winds.  The  disadvantage 
of  wool  is  the  way  in  which  its  soft  fibre  shrinks  in  washing,  and  after  a 
time  becomes  smaller,  harder,  and  probably  less  absorbent. ^ 

In  the  choice  of  woollen  underclothing  the  touch  is  a  great  guide.  There 
should  be  smoothness  and  great  softness  of  texture ;  to  the  eye  the  texture 
should  be  close ;  the  hairs  standing  out  from  the  surface  of  equal  length,  not 
long  and  straggling.  The  heavier  the  substance  is,  in  a  given  bulk,  the 
better.  In  the  case  of  blankets,  the  softness,  thickness,  and  closeness  of  the 
pile,  the  closeness  of  the  texture,  and  the  weight  of  the  blanket,  are  the  best 
guides. 

In  woollen  cloth  the  rules  are  the  same.    When  held  against  the  light,  the 
cloth  should  be  of  uniform  texture,  without  holes ;  when  folded  and  sud- 
denly stretched,  it  should  give  a  clear  ringing  note ;  it  should  be  very  re- 
sistent  when  stretched  with  violence  :  the  "  tearing  power  "  is  the  best  way 
of  judging  if  "  shoddy  "  (old  used  and  worked-up  wool  and  cloth)  has  been 
mixed  with  fresh  wool.    A.  certain  weight  must  be  borne  by  every  piece  of 
cloth.    At  the  Government  Clothing  Establishment  at  Pimlico,  a  machine 
is  used  which  marks  the  exact  weight  necessary  to  tear  across  a  piece  of 
cloth.    Schlesinger  recommends  the  following  plan  for  the  examination  of  a 
mixed  fabric  containing  shoddy  : — Examine  it  with  the  microscope,  and 
recognise  if  it  contains  cotton,  or  silk  or  linen,  besides  avooI.    If  so,  dis- 
solve them  by  ammoniacal  solution  of  copper.    In  this  way  a  qualitative 
examination  is  first  made.    Then  fix  attention  on  the  wool.    In  shoddy 
both  coloured  and  colourless  wool  fibres  are  often  seen,  as  the  fibres  have 
been  derived  from  difi'erent  cloths  which  have  been  partially  bleached;  the 
colouring  matter,  if  it  remains,  is  different— indigo,  purpurin,  or  madder. 
The  diameter  of  the  wool  is  never  so  regular  as  in  fresh  wool,  and  it  changes 
suddenly  or  gradually  in  diameter,  and  suddenly  widens  again  with  a  little 
sweUmg,  and  then  thins  off  again  j  the  cross  marking  or  scales  are  also 
almost  obliterated.    When  liquor  potassse  is  applied  the  shoddy  wool  is 
attacked  much  more  quickly  than  fresh  wool. 

The  dye  also  must  be  good,  and  of  the  kind  named  in  the  contract,  and 
tests  must  be  applied. 

Leather.— Choice  of  leather ;  it  should  be  well  tanned,  and  without  any 
marks  of  corrosion,  or  attacks  of  insects.  The  thinner  kind  should  be  per- 
fectly supjole. 

Leather  is  not  only  used  for  shoes,  leggings,  and  accoutrements  :  it  is  em- 
ployed occasionally  for  coats  and  trousers.  It  is  an  extremelv  warm  cloth- 
ing, as  no  wind  blows  through  it,  and  is  therefore  well  adapted  for  cold, 
windy  climates.  Leather  or  sheepskin  coats  are  very  common  in  Turkey, 
lartary,  Persia,  the  Danubian  Provinces,  and  everywhere  where  the  cold 
north  winds  are  felt.  In  Canada,  coats  of  sheepskin  or  buffalo-hide  have 
been  tound  very  useful,  and  are  commonly  used  by  sentries.. 
_  Waterproof  Clotliing.—UkQ  leather  articles,  the  india-rubber  is  an  exceed- 
ingly hot  dress,  owing  to  the  same  causes,  viz.,  impermeability  to  wind,  and 
condensation  and  retention  of  perspiration.  It  is  objected  to  by  many  on 
tnese  grounds,  and  especiaUy  the  latter;  and  Levy  informs  us  that  the 
i^ouncil  ot  Health  of  the  French  Army  have  persistently  refused  (and  in  his 
opinion,  very  properly)  the  introduction  of  waterproof  garments  into  the 


Place   in  o        ^ooW^n  articles,  they  should  never  he  rubbed  or  lonmg.    Thev  slmul.l  h,. 
Placed  in  a  liot  solution  of  soap,  moved  alwut,  and  then  ijlunged  into  cold  w-iIpV  I  w  + 
«oap  !s  ..ot  n.l  of  they  should  be  hung  up  to  dry  without  wringing.  ' 

2  D 
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army.  If,  however,  woollen  underthings  are  worn,  the  perspiration  is  suffi- 
ciently absorbed  by  those  during  the  comparatively  short  time  waterproof 
clothing  is  worn,  and  the  objection  is  properly  not  valid,  unless  the  water- 
proof is  continually  worn. 

The  great  use  of  waterproof  is,  of  course,  its  protection  against  rain,  and  in 
this  respect  it  is  invaluable  to  the  soldier,  and  should  be  largely  used.  By 
the  side  of  this  great  use,  all  its  defects  appear  to  be  minor  evils. 

India-rubber  cloth  loses  in  part  its  distensibility  in  very  cold  countries, 
and  becomes  too  distensible  in  the  tropics.  It  is  also  apt  to  rot  by  absorp- 
tion of  oxygen.  Paraffined  cloth  is  equally  good,  and  the  paraffin  does  not 
rot  the  fibre  like  common  oil. 

General  Conclusions. 

Protection  against  Gold.—Fov  equal  thicknesses,  wool  is  much  superior  to 
either  cotton  or  linen,  and  should  be  worn  for  all  underclothing.  In  case  of 
extreme  cold,  besides  wool,  leather,  or  waterproof  clothing  is  useful  Cotton 
and  linen  are  nearly  equal. 

Protection  against  ZTea^.— Texture  has  nothing  to  do  with  protection  from 
the  direct  solar  rays  ;  this  depends  entirely  on  colour.  White  is  the  best 
colour ;  then  grey,  yellow,  pink,  blue,  black.  In  hot  countries,  therefore, 
white  or  light  grey  clothing  should  be  chosen. 

In  the  shade,  the  effect  of  colour  is  not  marked.  The  thickness,  and  the 
conducting  power  of  the  material,  are  the  conditions  (especiaUy  the  former) 
which  influence  heat.  i  •  j- 

Protection  against  Cold  Winds.— ¥ov  equal  thicknesses,  leather  and  india- 
rubber  take  the  first  rank  ;  wool  the  second ;  cotton  and  Imen  about  equal. 

Absorption  of  Perspiration.— Wool  has  more  than  double  the  power  of 

cotton  and  linen.  Q+„-nV'c 
Absorption  of  Odours.-This  partly  depends  on  colour;  and  Stark s 
observations  show  that  the  power  of  absorption  is  m  this  order-black  blue, 
red  careen,  yellow,  white.  As  far  as  texture  is  concerned,  the  absorption  is 
in  proportion  to  the  hygroscopic  absorption,  and  wool  therefore  absorbs  more 

than  cotton  or  linen.  .       .         •  fl„„„ai 

Protection  against  Malaria.-lt  has  been  supposed  that  wearmg  flannel 
next  the  skin  lessens  the  risk  of  malaria.  As  it  is  generaUy  supposed  that 
the  poison  of  malaria  enters  either  by  the  lungs  or  stomach,  it  is  difficult  to 
see  how  protection  to  the  skin  can  prevent  its  action  ;  except  mdu:ectly,  by 
preventing  chill  in  persons  who  have  already  suffered  from  ague_  But  the 
levy  crreat  authority  of  Andrew  Combe,  drawn  from  experience  at  Rome,  is  i a 
Lvour  of  its  having  some  influence;  and  it  has  been  used  on  the  west  coast 
of  Africa  for  this  purpose,  with  apparently  good  results. 


CHAPTER  XIV. 
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It  is  not  easy  to  give  a  proper  definition  of  climate.  The  effect  of  climate 
on  the  human  body  is  the  sum  of  the  influences  which  are  connected  either 
with  the  solar  agencies,  the  soil,  the  air,  or  the  water  of  a  place,  and  as  these 
influences  are  in  the  highest  degree  complex,  it  is  not  at  present  possible  to 
trace  out  their  effects  with  any  certainty. 

With  regard  generally  to  the  effect  of  climate  on  human  life,  it  would 
seem  certain  that  the  facility  of  obtaining  food  (which  is  itself  influenced 
by  climate),  rather  than  any  of  the  immediate  effects  of  climate,  regulates 
the  location  of  men  and  the  amount  of  population.  The  human  frame 
seems  to  acquire  in  time  a  wonderful  power  of  adaptation;  the  Eskimos, 
when  they  can  obtain  plenty  of  food,  are  large  strong  men  (though  nothing 
IS  known  of  their  average  length  of  life),  and  the  dwellers  in  the  hottest 
parts  of  the  world  (provided  there  is  no  malaria,  and  that  their  food  is 
nutritious)  show  a  stature  as  lofty,  and  a  strength  as  great,  as  any  dweUers 
m  temperate  climates.  Pecuharities  of  race,  indeed,  arising  no  one  knows 
how,  hut  probably  from  the  combined  influences  of  climate,  food,  and  cus- 
toms  acting  through  many  ages,  appear  to  have  more  effect  on  stature 
health,  and  duration  of  life,  than  climate  alone.  Still,  it  would  seem  probable 
that,  m  chmatic  conditions  so  diverse,  there  arise  some  special  differences 
of  structure  which  are  most  marked  in  the  skin,  but  may  possiblv  involve 
other  organs. 

How  soon  the  body,  when  it  has  become  accustomed  by  length  of  residence 
for  successive  generations  to  one  climate,  can  accommodate  itself  to,  or  bear 
the  conditions  of,  the  climate  of  another  widely  different  place,  is  a  question 
which  can  only  be  answered  when  the  influences  of  cUmate  are  better  known. 
Ihe  hypothesis  of  "  acclimatisation"  implies  that  there  is  at  first  an  iniurious 
effect  produced  and  then  an  accommodation  of  the  body  to  the  new  conditions 
withm  a  very  hmited  time  ;  that,  for  example;  the  dweller  in  northern  zones 
passmg  into  the  tropics,  although  he  at  first  suffers,  acquires  in  a  few  vears 
some  special  constitution  which  relieves  him  from  the  injurious  consequences 
which  It  IS  supposed,  the  change  at  first  brought  with  it.  There  are,  there- 
tore,  two  assumptions,  viz.,  of  an  injurious  effect,  and  of  a  relief  from  it 
Are  either  correct  ? 

It  may  seem  a  bold  thing  to  question  the  commonly  received  opinion 
that  a  tropical  climate  is  injurious  to  a  northern  constitution,  but  there  are 
some  stnkmg  facts  which  it  is  difficult  to  reconcile  with  such  an  opinion 
ihe  army  experience  shows  that,  both  in  the  West  Indies  and  in  India  the 
iTthP  W  1  f  '  gradually  decreasing,  until,  in  some  staiions 

Zf^^^fJ'"'^'''  "'^"°^P^^'  T'"^^^'^^^^        Barbadoes),  the  sickness 

and  mortality  among  the  European  soldiers  are  actually  less  than  on  horn e 
service  m  years  which  have  no  yellow  fever.    In  India  a  centnr.  o 
people  spoke  with  horror  of  the  tJrrible  climate  of  BotbVand  C  LTa 
and  yet  Europeans  now  live  in  health  and  comfort  in  both  cities.  In 
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Algeria  the  Frencli  experience  is  to  the  same  effect.  As  the  climate  and 
tlie  stations  are  the  same,  and  the  soldiers  are  of  the  same  race  and  habits, 
what  has  removed  the  dangers  which  formerly  made  the  sickness  threefold 
and  the  mortality  tenfold  the  ratio  of  the  sickness  and  deaths  at  home  1 

The  explanation  is  very  simple;  the  deaths  in  the  West  Indies  were 
partly  owing  to  the  virulence  of  yellow  fever  (which  was  fostered,  though 
probably  aol-  engendered  by  bad  sanitary  conditions),  and  the  general  excess 
of  other  febrile  and  dysenteric  causes.  The  simple  hygienic  precautions 
which  are  efficacious  in  England  have  been  as  useful  in  the  West  Indies. 
Proper  food,  good  water,  pure  air,  have  been  suppUed,  and,  m  proportion  as 
they  have  been  so,  the  deadly  effects  attributed  to  climate  have  disappeared. 
The  effect  of  a  tropical  climate  is,  so  to  speak,  relative.  The  temperature 
and  the  humidity  of  the  air  are  highly  favourable  to  decompositions  of  all 
kinds  •  the  eiliuvia  from  an  impure  soil,  and  the  putrescent  changes  going 
on  in  it,  are  greatly  aggravated  by  heat.  The  effects  of  the  sanitary  eviLs 
which,  in  a  cold  climate  like  Canada,  are  partly  neutralised  by  the  cold,  are 
developed  in  the  West  Indies,  or  in  tropical  India,  to  the  greatest  degree 
In  this  way  a  tropical  climate  is  evidently  most  powerful,  and  it  renders  all 
sanitary  precautions  tenfold  more  necessary  than  in  the  temperate  zone. 
Eut  all  this  is  not  the  effect  of  climate,  but  of  something  added  to  climate. 

Take  away  these  sanitary  defects,  and  avoid  malarious  soils  or  dram  them, 
and  let  the  mode  of  living  be  a  proper  one,  and  the  European  soldier  does 
not  die  faster  in  the  tropics  than  at  home. 

It  must  be  said,  however,  that  an  element  of  uncertainty  may  be  pointed 
out  here  In  our  tropical  possessions  the  European  soldier  serves  now  only 
for  short  periods  (in  the  West  Indies  for  three  or  four  years,  m  India  under 
the  new  regulations  of  short  service,  seven  or  eight  years,  at  most),  and 
durin<^  this  time  he  may  be  for  some  years  on  the  hills,  or  at  any  ra  e  m 
elevat'ed  spots  The  old  statistical  reports  of  the  army  pointed  out  that  the 
molttllty  L  the  West  Indies  augmented  regularly  with  prolongation  o  ser- 
vice and  it  maybe  said  that,  after  all,  the  lessened  sickness  and  mortality 
S  the  tropi^  is  owing,  in  some  degree,  to  avoidance  by  short  service  of 
L  iauence  of  climate.  But  as  the  whole  long  service  was  constantly 
mssed  rmder  the  unfavourable  sanitary  conditions  now_  removed,  it  does 
Tot I0II0W  that  the  inference  to  be  drawn  from  the  statistical  evidence  as  to 

'lllJo'ltelti't  Ider  favourable  sanitary  conditions  (general  and 

:i^d\"  SS^^that  a  noi^malarious  tropical 

climanV.  rmay  n^  increase  sickness  or  mortality  during  the  most  ^.gorov^ 
climate  i^e?  ^e,  ma^  Europeans  are  usually  subjected  to  t  , 

ftTa/yf^aSrauViuiM  iesson  tt.o'vigo.u.  of  the  body,  and  dimunsl, 
the  expectation  of  life.  .  ^  ,  for^ier,  it 

::thS  ir^n^r^  rt^^cts  of  cuLtlc  agencies  on  the 

influences  of  locality  and .  clhnat.  as  |.  as  tlic^  ^^^^^ 
soil  and  water,  have  been  ^^^^^^^^^^^^  now  be 

most  closely  (though  by  no  moans  ^^^^l   hriiditv    1^^  ^veight, 
brielly  reviewed.    These  arc-tempcrature,  1^^;"^^^^^^^^^^^^^  Tt 
composition,  and  electrical  .condition,  and  the  amount  of  light. 
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SECTION  I. 
TEMPEEATURE. 

The  amount  of  the  sun's  rays ;  the  mean  temperature  of  the  air  ;  the 
variations  in  temperature,  both  periodic  and  non-periodic  ;  and  the  length 
of  time  a  high  or  low  temperature  lasts,  are  the  most  important  points. 
Temperature  alone  has  been  made  a  ground  of  classification. 

(a)  Equable,  limited,  or  insular  climates;  i.e.,  with  slight  yearly  and 
diurnal  variations. 

(/;)  Extreme,  excessive,  or  continental;  i.e.,  with  great  variations. 

The  terms  limited  and  extreme  might  be  applied  to  the  amplitude  of  the 
yearly  fluctuation  {i.e.,  difi'erence  between  hottest  and  coldest  month),  while 
equable  and  excessive  might  be  applied  especially  to  the  non-periodic  varia- 
tions, Avhich  are  slight  in  some  places,  and  extreme  in  others. 

A  limited  climate  is  generally  an  equable  one,  and  an  extreme  climate 
(with  great  yearly  fluctuation)  is  generally  an  excessive  one  (with  great 
undulations). 

The  efiects  of  heat  cannot  be  dissociated  from  the  other  conditions ;  it  is 
necessary,  however,  briefly  to  notice  them. 

The  efiect  of  a  certain  degree  of  temperature  on  the  vital  processes  of  a 
race  dwelling  generation  after  generation  on  the  same  spot,  is  a  question 
which  has  as  yet  received  no  sort  of  answer.  Does  the  amount  of  heat  loer 
SB,  independent  of  food  and  all  other  conditions,  affect  the  development  of 
mechanical  force  and  temperature,  and  the  coincident  various  processes  of 
formation  and  destruction  of  the  tissues'?  Is  there  a  difference  in  these  re- 
spects, and  in  the  resulting  action  of  the  eliminating  organs,  in  the  inhabi- 
tants of  the  equator  and  of  50°  or  60°  IST.  lat.  ?  This  is  entirely  a  problem 
for  the  future,  but  there  is  no  class  of  men  who  have  more  opportunities  of 
studying  it  than  army  surgeons. 

The  problem  of  the  influence  of  temperature  is  generally  presented  to  us 
under  the  form  of  a  dweller  in  a  temperate  zone  proceeding  to  countries 
either  colder  or  hotter  than  his  own.  It  is  in  this  restricted  sense  we  shall 
now  consider  it. 

With  regard  to  the  effect  on  the  Anglo-Saxon  and  Celtic  races  of  going  to 
live  in  a  climate  with  a  lower  mean  temperature  and  greater  variations  than 
their  own,  we  have  the  experience  of  Canada,  Nova  Scotia,  and  some  parts 
of  the  iSTorthern  American  States.  In  all  these,  if  food  is  good  and  plentiful, 
health  is  not  only  sustained,  but  is  perhaps  improved.  The  agricultural  and 
out-door  life  of  Canada  or  Nova  Scotia  is  probably  the  cause  of  this ;  but 
certain  it  is  that  in  those  countries  the  European  not  only  enjoys  health,  but 
produces  a  progeny  as  vigorous,  if  not  more  so,  than  that  of  the  parent  race. 

The^etfectsof  heat  exceeding  the  temperate  standard  must  be  distinguished 
according  to  origin ;  radiant  heat,  or  the  direct  rays  of  the  sun,  and  non-radiant 
heat,  or  that  of  the  atmosphere.  In  the  latter  case,  in  addition  to  heat,  there 
IS  more  or  less  rarefaction  of  the  air,  and  also  coincident  conditions  of  humi- 
dity and  movement  of  the  air,  which  must  be  taken  into  account.  The 
influence,  again,  of  sudden  transitions  from  heat  to  cold,  or  the  reverse,  has 
to  bo  considered.  Europeans  from  temperate  climates  flourish,  apparently, 
in  countries  not  much  hotter  than  their  own,  as  in  some  parts  of  Australia' 
New  Zealand,  and  New  Caledonia,  though  it  is  yet  too  soon  to  speculate 
whether  the  vigour  of  the  race  will  improve  or  otherwise.  But  there  is  a 
general  impression  that  they  do  not  flourish  in  countries  much  hotter  i  v 
with  a  yearly  mean  of  20°  Falir.  higher,  as  in  many  parts  of  India ;  that  the 
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race  dwindles,  and  finally  dies  out ;  and  therefore  that  no  acclimatisation  of 
race  occurs.  And  certainly  it  would  appear  that  in  India  there  is  some 
evidence  to  show  that  the  pure  race,  if  not  intermixed  with  the  native,  docs 
not  reach  beyond  the  third  generation.  Yet  it  seems  only  right  to  say  that 
so  many  circumstances  besides  heat  and  the  other  elements  of  climate  have 
been  acting  on  the  English  race  in  India,  that  any  conclusion  opposed  to 
acclimatisation  must  be  considered  as  based  on  scanty  evidence.  We  have 
not  gauged  on  a  large  scale  the  effects  of  climate  pure  and  simple,  uncom- 
plicated with  malaria,  bad  diet,  and  other  influences  adverse  to  health  and 
longevity.^ 

(a)  Influence  of  the  Direct  Rays  of  the  Sun. — It  is  not  yet  known  to  what 
temperature  the  direct  rays  of  the  tropical  sun  can  raise  any  object  on 
which  they  fall.  In  India,  on  the  ground,  the  uncovered  thermometer  will 
mark  160°,  and  perhaps  212°  (Buist)  ;  and  in  this  countrj^,  if  the  movement 
of  air  is  stopped  in  a  small  space,  the  heat  in  the  direct  sun's  rays  can  be 
raised  to  the  same  point.  In  a  box,  with  a  glass  top,  Sir  H.  James  found 
the  thermometer  mark  237°  Fahr.,  when  exposed  to  the  rays  of  the  sun,  on 
the  14th  July  1864.^  In  experiments  on  frogs,  when  temperature  much 
over  the  natural  amount  is  applied  to  nerves,  the  electrical  currents  through 
them  are  lessened,  and  at  last  stop.^  E.  H.  Weber's  observations  show 
that  for  men  the  same  rule  holds  good ;  the  most  favourable  temperature  is 
30°  R.  ( =  99° -5  Fahr.).^  It  appears  also  from  Kiihne's  experiments  that  the 
heat  of  the  blood  of  the  vertebrata  must  not  exceed  113°  Fahr.j  for  at  that 
temperature  the  myosin  begins  to  coagulate.^  Perhaps  this  fact  may  be  con- 
nected with  the  pathological  indication  that  a  very  high  temperature  in  any 
disease  (over  110°  Fahr.)  indicates  extreme  danger. 

To  what  temperature  is  the  skin  of  the  head  and  neck  raised  in  the  tropics 
in  the  sun's  rays?  No  sufficient  experiments  have  been  made,  either  on 
this  point  or  on  the  heat  in  the  interior  of  caps  and  hats  with  and  without 
ventilation.  Doubtless,  without  ventilation,  the  heat  above  the  head  in  the 
interior  of  the  cap  is  very  great.  It  is  quite  possible,  as  usually  assumed, 
that  with  bad  head  dresses  the  heat  of  the  skin,  bones,  and  possibly  even  of 
the  deep  nerves  and  centres  (the  brain  and  cord),  may  be  greater  than  is 
accordant  with  perfect  preservation  of  the  currents  of  the  nerves,  or  of  the 
necessary  temperature  of  the  blood,  or  with  the  proper  fluidity  of  some  of  the 
albuminous  bodies  in  the  muscles,  or  nerves. 

The  difficulty  of  estimating  the  exact  effect  of  the  solar  rays  is  not  only 
caused  by  the  absence  of  a  sufficient  number  of  experiments,  but  by  the 
common  presence  of  other  conditions,  such  as  a  hot  rarefied,  and  perhaps 
impure  air,  and  heat  of  the  body  produced  by  exercise,  which  is  not 
attended  by  perspiration.  Two  points  are  remarkable  in  the  history  of  sun- 
stroke, viz.,  the  extreme  rarity  of  sunstroke  in  mid  ocean,^  and  at  great 
elevations.7  In  both  cases  the  effect  of  the  sun's  rays,  per  se  is  not  less,  is 
even  greater,  than  on  land  and  at  sea-level ;  yet  in  both  sunstroke  is 


r  In  India  the  mortality  of  Eurasians  (that  is,  fhe  mixed  race    British  Poii.^^^^^^^^ 

SpS^^^^^  1864)  would  show  that  this  -i-^ -ce  .all  mam^^^^^^ 

2  Mr  Symons  has  also  obtained  temperature  above  212  F.  by  the  same  means. 

3  Eckhard,  Henle's  Zeitsch.,  Band  x.  p.  165,  1851. 

I  -  ^-  HO.  wood. 

^"S-kliri of  SS  Fn  fnarrow      lilce  the  M  Sea  do  -V«vaM.;.  tMs 

'  This  may  be  due  to  the  absence  of  radiation  from  the  ground ,  ground  radiation  aoecis 
nuprotected  thermometers  very  markedly. 
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uncommon ;  the  temperature  of  the  air,  however,  is  never  excessive  in 
either  case. 

The  effect  of  the  direct  rays  on  the  skin  is  another  matter  requiring  in- 
vestigation. Does  it  aid  or  check  perspiration?  That  the  skin  gets  dry 
there  is  no  doubt,  but  this  may  be  merely  from  rapid  evaporation.  But  if 
the  nervous  currents  are  interfered  with,  the  vessels  and  the  amount  of 
secretion  are  sure  to  be  affected,  and  on  the  whole  it  seems  probable  that  a 
physiological  effect  adverse  to  perspiration  is  produced  by  the  direct  rays  of 
the  sun.  If  so,  and  if  this  is  carried  to  a  certain  point,  the  heat  of  the 
body  must  rise,  and  supposing  the  same  conditions  to  continue  (intense 
radiant  heat  and  want  of  perspiration),  may  pass  beyond  the  limit  of  the 
temperature  of  possible  life  (113°  Tahr.).! 

The  effect  of  intense  radiant  heat  on  the  respiration  and  heart  is  another 
point  of  great  moment  which  needs  investigation. 

The  pathological  effect  produced  by  the  too  intense  direct  rays  of  the  sun 
is  seen  in  one  or  two  forms  of  insolation,  and  consists  in  paralysis  of  the 
heart  or  the  respiration. 

A  form  of  fever  (the  Causus  of  some  writers,  or  thermic  fever)  has  been 
supposed  to  be  caused  by  the  direct  rays  of  the  sun  combined  with  excessive 
exertion.  Dr.  Parkes  mentions  a  case  of  this  kind  which  corresponded 
closely  to  the  description  in  books.  The  fever  lasted  for  several  days,  and 
its  type  was  not  in  accordance  with  the  hypothesis  that  it  was  malarious 
fever,  or  febricula,  or  typhoid.  No  thermometric  observations  were  made 
on  the  patient. 

(h)  Heat  in  Shade. — The  effect  of  high  air  temperature  on  the  native  of 
a  temperate  climate  passing  into  the  tropics  has  not  been  very  well  deter- 
mined, and  some  of  the  conclusions  are  drawn  from  experiments  on  animals 
exposed  to  an  artificial  temperature. 

1.  The  temperature  of  the  body  does  not  rise  greatly ■ — not  more  than  '5  or 
r  Eahr.  (John  Davy) ;  from  1°  to  and  3°  (Eydaux  and  Brown  Sequard). 
In  some  experiments  not  yet  published,  Dr.  Becher  determined  his  own 
temperature  in  a  very  careful  way  during  a  voyage  round  the  Cape  to  India. 
He  found  the  body-heat  increased,  and  in  the  proportion  of  0°-05  Fahr.  for 
every  increase  of  1°  Fahr.  in  the  air.  Eattray  also  found  a  decided  increase, 
varying  from  0°-2  Fahr.  to  r-2  Fahr.  ;  the  greatest  increase  was  in  the 
afternoon.  We  may  conclude  that  the  tropical  heat  raises  the  temperature 
of  the  body  of  a  new-comer,  probably  because  the  evaporation  from  the  skin 
is  not  capable  of  counterbalancing  the  great  additional  external  heat,  but  it 
is  now  known  that  in  old  residents  the  same  fact  does  not  hold  good. 
Brigade-Surgeon  J.  C.  Johnston,  A.M.D.,  has  recorded  a  very  careful  series 
of  experiments,  made  on  soldiers  of  at  least  three  years'  service  in  India,^  in 
the  station  of  Bellary.  The  average  of  one  series  was  97° '63,  and  of  another 
97° -94,  thus^  showing  if  anything  a  slight  lowering  from  the  normal  tem- 
perature, 98°-4.  Surgeon-Major  Boileau,  from  a  long  series  of  observations 
m  the  AVest  Indies,  came  to  the  conclusion  that  there  was  no  material  rice. 
The  temperature  of  the  body  is  the  result  of  the  opposing  action  of  two 
factors— 14  of  development  of  heat  from  the  chemical  changes  of  the  food, 
and  by  the  conversion  of  mechanical  energy  into  heat,  or  by  direct  absorp- 

tTii  Iv*^^  Turkish  bath  it  may  sometimes  be  observed,  that  on  entering  the  hottest  chamber 
nol^     '•    .1^^         previously  been  acting  freely,  becomes  dry.    A  feeling  of  oppression 
accompanies  this,  but  relief  is  experienced  so  soon  as  perspiration  is  re-establishfd.  ThKoild 
Heem  to  point  more  to  an  actual  arrest  of  function  than  to  a  mere  drying  up  of  the  seer et?on 
Sev^wS'^^     \  "^""^'^^^  degree  may  occur  in  a  tropical  climate,  in  which  cLrtL  Ltensily 

2  TIT  1;H?'",'^,?P°°  ^^''^P^'^s  before  accommodation  is  reached.  ^ 

Army  Medical  Reports,  vol.  xviii.  p.  256.  c«,wifu. 
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tion  from  without ;  and,  2nd,  and  opposed  fco  tLis,  of  evaporation  from  the 
surface  of  the  body,  which  reguhitcs  internal  heat.  So  beautifully  is  this 
balance  preserved,  that  the  stability  of  the  animal  temperature  in  all  coun- 
tries has  always  been  a  subject  of  marvel.  If  anything,  however,  prevents 
this  evaporation,  radiation  and  the  cooling  effect  of  moving  wind  cannot 
cool  the  body  sufficiently  in  the  tropics.  Then,  no  doubt,  the  temperature 
of  the  body  rises,  especially  if  in  addition  there  is  muscular  exertion  and 
production  of  beat  from  that  cause.  The  extreme  discomfort  always  attend- 
ing abnormal  heat  of  body  then  commences.  In  experiments  in  ovens, 
Blagden  and  Fordyce  bore  a  temperature  of  260°  with  a  small  rise  of  tem- 
perature (2r  Fahr.),  but  the  air  was  dry,  and  the  heat  of  their  bodies  was 
reduced  by  "perspiration ;  when  the  air  in  ovens  is  very  moist  and  evapora- 
tion is  hindered,  the  temperature  of  the  body  rises  ra,pidly.i 

2.  The  respirations  are  lessened  in  number  (Vierordt,  Ludwig)  in  animals 
subjected  to  heat.    According  to  Vierordt,  less  carbonic  acid  and  presumably 
less  water  are  eliminated.    Eattray  ^  proved  by  a  great  number  of  ob- 
servations that  the  number  of  respirations  is  lessened  in  persons  passing 
from  a  ccld  to  a  hot  climate.    The  amount  of  diminution  varies ;  in  some 
experiments  the  fall  Avas  from  16-5  respirations  per  minute  in  England,  in 
winter,  to  12-74  and  13'74  in  the  tropics.    In  another  series  of  experiments 
the  fall  was  from  17-3  respirations  per  minute  to  16-1;  the  breathing  is  also 
frentler,  i.e.,  less  deep.    Eattray  has  also  shown  that  the  spirometric  mea- 
surement of  the  expired  air  ("  vital  capacity  "  of  Hutchinson)  increases  m 
the  tropics  and  falls  in  temperate  chmates,  the  average  variation  bemg  about 
8-7  per  cent,  of  the  total  spirometric  measurement.^    This  will  hold  good 
at  all  ages,  but  is  less  at  either  extreme  of  life,  and  is  most  marked  m 
persons  of  largest  frame  and  most  full  blooded.    The  explanation  of  this 
spirometric  increase  in  the  respiratory  action  of  the  lungs,  as  compared  with 
the  lessened  number  of  inspirations,  is  to  be  found,  according  to  Eattray,  m 
a  lessened  proportion  of  blood  and  a  larger  proportion  of  air  m  the  lungs  m 
the  tropics,  and  this  is  borne  out  by  a  fact  presently  to  be  noted,  of  the 
lessened  weight  of  the  lungs  in  Europeans  m  the  tropics. 

The  effect  of  the  lessened  number  of  respirations  is  (m  spite  of  the  spiro- 
metric increase)  to  reduce  the  total  respiratory  action  considerably  Eattray 
has  shown  that  the  average  amount  is  in  the  temperate  zone  (tem.^  54 
Fahr),  239-91  cubic  inches  per  minute,  while  m  the  tropics  (  =  62  i^aUr.) 
only  195-69  cubic  inches  were  inspired,  so  that  there  is  a  diiierence  of 
38-65  cubic  feet  in  twenty-four  hours,  or  18-43  per  cent,  m  favour  of  a  tem- 
perate climate.  If  10  ounces  of  carbon  are  expired  m  the  temperate  zone, 
only  8-157  ounces  would  be  expired  in  the  tropics.  Is  there  then  greater 
excretion  of  carbon  from  the  skin,  or,  as  used  to  be  supposed,  from  the 

^'p'r  Francis  (Bengal  Army)  has  observed  that  the  lungs  are  lighter  after 
death  in  Europeans  in  India  than  the  European  standard  _  Dr.  Parkes 
nadea  similar  observation  many  years  ago,  and  recorded  it  m  a  work  on 


1  It  rises  even  7^0  8=  Fahr  (^udwig^^^  S'S' Ob^^^oS  J^lS 
late  observations  are  confirmatory  (Z>  r  ^^^^^^^^^^  lour  cases  of  sunstroke,  and 
logy  generally  received  m  this  country,  iiom  ,  ^  he  traces  all  the  eflects  to 
IrS^nUirty-three  experiments  on  ™ls  exposed^^^^^^^^^^  a^^^^  ^^^^ 

the  augmented  temperature  oi  the  Im  y  Avhich  can^^^^^         \Thaink.  Fever  or  Sunstroke, 

and  lungs  as  usual.    Dr.  H.  C.  Wood,  .lun.,  ot  l  'iii^aeipii     \       of  temperature." 

1872),  also  holds  that  the  "efficient  cause  of         ^^t,"  '  ^rErouom^  M.D., 

2  "  On  the  Effects  of  Change  of  Uhmate  on  the  Human  "^^^f ^(^g^^J^^^^  • 
Surgeon,  K.N.,  rrocecdinffs  of  the  lioyal  Socwiy,  ^os.  U2-Ui>,  idy  U»oy 

3  rroceedivcjs  of  the  lioyal  Society,  No.  16'^,  p.  ^ 
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cholera,!  but  the  facts  were  few.  If  this  statement  be  confirmed,  it  would, 
show  a  diminished  respiratory  function,  and  would  accord  with  Eattray's 
observations. 

3.  The  hearts  action  has  been  usually  stated  to  be  quickened  in  the 
troi^ics,  but  Eattray's  numerous  observations  show  that  this  is  incorrect ;  the 
average  pulse  in  the  tropics  was  lower  by  2-^-  beats  per  minute  than  in  the 
temperate  zone.  In  experiments  on  animals,  moderate  heat  does  not  quicken 
the  heart,  but  great  heat  does.  i 

4.  The  digestive  powers  are  somewhat  lessened,  there  is  less  appetite,  less, 
desire  for  animal  food,  and  more  wish  for  cool  fruit.  The  quantity  of  bile 
secreted  by  the  liver  is  not  increased,  if  the  stools  are  to  be  taken  as  a  guide 
(Marshall,  in  1819,  John  Davy,  Morehead,  Parkes),  though  Lawson  believes 
that  an  excess  of  colouring  matter  passes  out  with  the  stools  ;  nothing  is 
known  of  the  condition  of  the  usual  liver  work. 

5.  The  s/a"w  acts  much  more  than  usual  (an  increase  of  24  percent,  accord- 
ing to  Eattray),  and  great  local  hypertemia  and  swelling  of  the  papillge  occur 
m  new-comers,  giving  rise  to  the  familiar  eruption  known  as  "  prickly  heat." 
In  process  of  time,  if  exposed  to  great  heat,  the  skin  suffers  apparently  in 
its  structure,  becoming  of  a  slight  yellowish  colour  from,  probably,  pig- 
mentary deposits  in  the  deep  layers  of  the  cuticle. 

6.  The  urine  is  lessened  in  quantity.  The  urea  is  lessened,  as  shown  by 
experiments  m  hot  seasons  at  home  and  during  voyages  (Dr.  Forbes  Watson 
and  Dr  Becher).;^  It  is  probable  that  this  is  simply  from  lessened  food, 
ihe  pigment  has  been  supposed  to  be  increased  (Lawson),  but  this  is  doubt- 
ful The  chloride  of  sodium  is  lessened;  the  amount  of  uric  and  phosphoric 
acids  IS  uncertain, 

7.  The  effect  on  the  nervous  system  is  generally  considered  as  depressin^r 
and  exhausting,  i.e.,  there  is  less  general  vigour  of  mind  and  body.  But  it 
IS  undoubted  that  the  greatest  exertions  both  of  mind  and  body  have  been 
made  by  Europeans  in  hot  climates.  Eobert  Jackson  thought  as  much  work 
could  be  got  of  men  m  hot  as  in  temperate  climates.  It  is  probable  that  the 
depressing  effects  of  heat  are  most  felt  when  it  is  combined  with  great  humi- 
dity of  the  atmosphere,  so  that  evaporation  from  the  skin,  and  consequent 
lessenmg  of  bodily  heat,  are  partly  or  totally  arrested.3 

ihe  most  exhausting  effects  of  heat  are  felt  when  the  heat  is  continuous, 
^.e.,  _  very  great,  day  and  night,  and  especially  in  sandy  plains,  where  the  air 
IS  highly  rarehed  day  and  night.  There  is  then  really  lessened  quantity  of 
oxygen  m  a  given  cubic  space.  Add  to  this  fact  that  the  respirations  are 
lessened,  and  we  have  two  factors  at  work  which  must  diminish  the  ingress 

«^T?  f/  ''''  ^'''^"^  fe^^eat  agents  of  metamorphosis.^ 

\  observations*  on  the  wtigld  and  lieiglit  of  forty-eight  naval 

Sfl!  ^'"^"n  ^^opi«s  they  increased  in 

sirWolr  ^i'^P^^^y  .than  m  cold  climates,  but  that  they  lost  weight  very  con- 
siderably, and,in  spite  of  their  rapid  growth,  Eattray  concludes  that  the  heat 


1 


J::^,^  ^-^^^^^  ^l-D-,  p.  14  (1847) 


2  Tliu  •   '     •'  •^'"''^eiS,  IM.U     p.  14  (104/  . 

and  Chhn  '''STa^'ff-'^  "  ^''^l^  Published  ;  they  were  made  during  voyages  to  Bombnv 
experimeiitsT  Vl^^r  ,     f  T^^'^         t^^lPei-^ture  reached  a  certain  point  (75"=  in  Dr  SS 

1  roceedmgs  of  the  Royal  Society,  No.  139. 
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impaired  tlie  strength,  weight,  and  health  of  these  lads.  His  figures  seem 
conclusive  on  these  points,  and  show  the  beneficial  influence  of  cold  on 
youths  belonging  to  races  long  resident  in  temperate  climates. 

On  the  whole,  even  when  sufficient  perspiration  keeps  the  body  tempera- 
ture within  the  limits  of  health,  the  elfect  of  great  heat  in  shade  seems  to  be, 
as  far  as  we  can  judge,  a  depressing  influence  lessening  the  nervous  activity, 
the  great  functions  of  digestion,  respiration,  sanguification,  and  directly  or 
indirectly  the  formation  and  destruction  of  tissues.  Whether  this  is  the 
heat  alone,  or  heat  and  lessened  oxygen,  and  great  humidity,  is  not  certain. 

So  bad  have  been  the  general  and  personal  hygienic  conditions  ot 
Europeans  in  India,  that  it  is  impossible  to  say  what  amount  of  the  great 
mortality  in  that  country  is  due  to  excess  of  heat  over  the  temperature  ot 
Europe  Nor  is  it  possible  to  determine  the  influence  of  heat  alone  on  the 
endemic  disease  of  Europeans  in  the  tropics— liver  disease  and  dysentery. 
There  is,  perhaps,  after  all,  little  immediate  connection  between  heat  and 

^'^RapidTiianges  of  Temperature.— The  exact  physiological  effects  have  not 
yet  been  traced  out ;  and  these  sudden  vicissitudes  are  often  met  by  altered 
clothing,  or  other  means  of  varying  the  temperature  of  the  body  ihe 
greatest  influence  of  rapid  changes  of  temperature  appears  to  occur  when  the 
?tate  of  the  bodv  in  some  way  coincides  with  or  favours  their  action,  ihus, 
the  sudden  checking  of  the  profuse  perspiration  by  a  cold  wind  produces 
catarrhs,  inflammations,  and  neuralgia.  It  is  astonishmg  l^owever  o  find 
how  we  1  even  phthisical  persons  will  bear  great  changes  of  temper^^^^^^^^^^^^ 
they  are  not  ex  >osed  to  moving  currents  of  air  ;  and  there  can  be  little  doubt 
that  the  wonderful  balance  of  the  system  is  soon  readjusted. 

SECTION  II. 


HUMIDITY. 


(Lxr  2^^t:A  ^^^^  f^^tz 

power  increases  faster  ""f^^'"  toe,  without 

There  is  a  general  °P™°^         Lt  rra™  few  precise  experiments. 

excessive,  evaporation  is  the  ^/^Vi  Sltrfn  most  healtlw  people  is  when 
The  most  agreeable  amonnt  of  hnmidi^y  ^  ■>  ° f  ^P^^;,  i„„g 

the  relative  humidity  is  between  70         W  pe 

i^r  ~p:-s  fr'  th^  i^:to'^^^^  ^--p^- 

^"S^,^°irttTsi*ros,  which  are  almost 

oppressive  by  man  and  beast;        *his  can  tai^^^^^^       t^"™^  J  „t 
than  the  check  to  evaporation,  and  the  consequeuv. 
the  body. 
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^  It  is  not  yet  known  what  rate  of  evaporation  is  the  most  healthy,  Exces- 
sive evaporation,  such  as  may  be  produced  by  a  dry  sirocco,  is  well  borne  by 
some  persons,  but  not  by  all.  Probably,  in  some  cases,  the  physiological 
factor  of  perspiration  comes  into  play,  and  the  nerves  and  vessels  of  the  skin 
are  altered;  and  in  this  way  perspiration  is  checked.  We  can  hardly 
account,  in  any  other  way,  for  the  fact,  that  in  some  persons,  the  dry  sirocco, 
or  dry  hot  land  wind,  produces  harshness  and  dryness  of  the  skin,  and 
general  malaise,  which  possibly  (though  there  is  yet  no  thermometric  proof) 
may  be  caused  by  a  rise  of  temperature  of  the  body. 

From  the  experiments  of  Lehmann  on  pigeons  and  rabbits,  it  appears  that 
more  carbon  dioxide  is  exhaled  from  the  lungs  in  a  very  moist  than  in  a  dry 
atmosphere.  The  pathological  effects  of  humiditv  are  intimately  connected 
with  the  .temperature.  Warmth  and  great  humidity  are  borne  on  the 
whole  more  easily  than  cold  and  great  humidity.  Yet  in  both  cases,  so 
wonderful  is  the  power  of  adaptation  of  the  body,  that  often  no  harm 
results. 

The  spread  of  certain  diseases  is  supposed  to  be  intimately  related  to  humi- 
dity of  the  air.  Malarious  diseases,  it  is  said,  never  attain  their  fullest 
epidemic  spread  unless  the  humidity  approaches  saturation.  Plague  and 
smallpox  are  both  checked  by  a  very  dry  atmosphere.  The  cessation  of  bubo 
plague  m  Upper  Egypt,  after  St.  John's  Day,  has  been  considered  to  be  more 
owing  to  the  dryness  than  to  the  heat  of  the  air. 

In  the  dry  Harmattan  wind,  on  the  west  coast  of  Africa,  smallpox  cannot 
be  inoculated;  and  ifc  is  well  known  with  what  difficulty  cowpox  is  kept  up 
m  very  dry  seasons  in  India.  Yellow  fever,  on  the  other  hand,  seems  inde- 
pendent of  moisture,  or  will  at  any  rate  prevail  in  a  dry  air.  The  observa- 
tions at  Lisbon,  which  Lyons  has  recorded,  show  no  relation  to  the  dew- 
point. 

With  regard  to  other  diseases,  and  especially  to  diseases  of  sanguification 
and  nutrition,  observations  are  much  needed. 


SECTION-  IIL 
MOVEMENT  OF  AIR. 


fni?  A  .I'^Portant  climatic  condition.    The  effect  on  the  body  is  two- 

fold A  cold  wind  abstracts  heat,  and  in  proportion  to  its  velocity  •  a  hot 
wuid  carries  away  little  heat  by  direct  abstraction,  but,  if  dry  increases 
evaporation  and  m  that  way  may  in  part  counteract 'its  oU  heSng  ~ 

ront';S:  i'f%^^^  structure  of  the  nerves  of  the  skin  and  on  the 

contiactility  of  the  cutaneous  vessels,  and  may  thus  influence  the  rate  of 
evaporation,  and  possibly  affect  also  other  organs. 

detertinTlTitl^^''/^'^^^.?  '^'f  i«       easy  to 

aetermine,  as  it  depends  on  three  factors,  viz.,  the  velocity  of  movement  the 

difficiUtv    Tn'tr'?  '  r '-'^^'^^  ""''"^  temperature  is  borne  with^ 

of  Vol.  '       1  expeditions  calm  air  many  degrees  below  zero 

chiS  ti;  ^0  discomfort.    Eut  any  movement  of  such 'cold  air  al once 

chills  the  frame.    It  has  been  asserted  that  some  of  the  hot  and  Li  ? 

the  usual  way  and  on  the  surface  of  the  skin.  ^^^^ 
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SECTION  IV. 


WEIGHT  OF  THE  AIR. 


Effects  of  Oonsiderahle  Lessening  of  Pressure. 

When  the  diiierenco  of  pressure  between  two  places  is  considerable,  a 
marked  eftect  is  produced,  and  there  seems  no  doubt  that  the  influence  of 
mountain  localities  is  destined  to  be  of  great  importance  in  therapeutics.  It 
is  of  peculiar  interest  to  the  army  surgeon,  as  so  many  regiments  m  the 
tropics  are,  or  will  be,  quartered  at  considerable  elevations. 

In  ascending  mountains  there  is  rarefaction,  i.e.,  lessened  pressure  of  air; 
on  an  average  (if  the  weight  of  the  air  at  sea-level  is  15  lb  on  every  square 
inch)  an  ascent  of  900  feet  takes  off  ^  S) ;  but  this  varies  with  height ;  there 
are  also  lowered  temperature,  and  lessened  moisture  above  4000  feet,  greater 
movement  of  the  air,  increased  amount  of  light,  greater  sun  radiation,  if 
clouds  are  absent;  the  air  is  freer  from  germs  of  infusoria;  owing  to  the 
rarefaction  of  the  air  and  lessened  watery  vapour,  there  is  greater  diather- 
mancy of  the  air ;  the  soil  is  rapidly  heated,  but  radiates  also  fast,  as  the 
heat  is  not  so  much  held  back  by  vapour  in  the  air,  hence  there  is  very 
crreat  coohng  of  the  ground  and  the  air  close  to  it  at  night. 
°  The  physiological  effects  of  lessened  pressure  begin  to  be  perceptible  at 
2800  or  3000  feet  of  altitude  ( =  descent  of  ^  to  3  inches  of  mercury) ;  they 
are-quickened  pulsei  (fifteen  to  twenty  beats  per  minute) ;  quickened 
respiration  ^increase  =  ten  to  fifteen  respirations  per  mmu  e  ,  with  essened 
spirometric  capacity,^  increased  evaporation  from  skin  and  lungs  ;  lessened 
nrinary  water.3    At  great  heights  there  is  increased  pressure  f  ^he  ga^^es  in 
the  body  against  the  containing  parts;  swelling  of  superficial  ^^s  els  and 
occasionally%leeding  from  the  nose  or  lungs.    A  ^7^*7,  ^^.^^^^^  ^^^^^^^^^^ 
in  the  limbs  from  the ,  lessened  pressure  on  the  j omts.    At  altitudes  undei 
6000  or  7000  feet  the  effect  of  mountain  air  (which  is,  perhap,  not  owing 
solely  to  lessened  pressure,  but  also,  possibly,  to  increased  hght  and  p^^^^^^^^ 

able  excitement  of  the  senses)  is  to  cause  a  v-^, -^^^l^/^ ^iHsTf  re" 
digestion,  sanguification,  and  in  nervous  and  muscular  vigoui^*  It  is  mfeired 
that  tissue  change  is  accelerated,  but  nothing  definite  is  known 

The  rapid  evaporation  at  elevated  positions  is  certainly  a  most  important 
eWnt  o^f  mountain  hygiene.  At  Puebla  and  at  Mexico  the  hygrometer  of 
t^^:^.  mi£  37^  which  is  equal  to  only  45  per  cent  of  satura- 
tion ^  and  vet  the  lower  rooms  of  the  houses  are  very  humid,  so  tliat,  m  t  .e 
town  of  Mexico  there  are  really  two  climates,-one  very  moist,  m  the 
';:r;L"f  the  houses;  one  very  dry,  in  the  upper  rooms  and  the 


rez 

outside  air, 


The"  diminution  o£  oxygen  in  a  certain  cubic  space  is  F^^^^^^^^ 

~~         7^^^^     'r     „.„f  onrmfpet  -  increase  of  18  to  30  beats  of  the  pulse. 

1  Balloon  ascents.-Yiioi  and  Gay-Lussac  at  9,000  leet-mcie 

Glaisher,       .       •      V4  000  "  =  ^4  to  31 

M  •       •      ^*>Y""  '.'        Tlipse  ire  safer  numbers  than  those 

The  beats  seem  to  augment  in  number  ^^"^^^^^^^^  ^J^^lJ^-^ertion.  '  In  mountain  climbing  the 
obtained  in  mountain  ascents,  as  there  is  no  phjsical  exeruo 

increase  is  much  greater.  Ascension)  lessened  the  "vital  capacity,'  as 

2  Rattray  found  an  ascent  of  2000  l-^et  (at  Ascemiu 

judged  of  by  the  spirometer  from  266  to  249  ami  243  cubic  incl^^^  ^^^^  ^^^^^.^^^ 

Y\vQuoi,  Virclwiv's  Archi%\\mO,^^}^A^^^-V-^^-'-  y. 
<  Hermann  Weber,  Climate  of  the  Swiss  Alps,  1^04,  p.  u- 
s  Jourdanet,  Lu  Mexique,  p.  49. 
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tains  130-4  grains  of  oxygen.   An  ascent  (about  5000  feet)  wliich  reduces  the 

barometer  to  25  inches  will  lessen  this  -^-th,  or  (^""^  ^       ^  =  ^  108-6grains. 

But  it  is  supposed  that  the  increased  number  of  resj)irations  compensate,  or 
more  so,  for  this ;  and,  in  addition,  it  must  be  remembered  that  in  experi- 
ments on  animals,  as  long  as  the  percentage  of  oxygen  did  not  sink  below  a 
certain  point  (14  per  cent.),  as  much  was  absorbed  into  the  blood  as  when 
the  oxygen  was  in  normal  proportion.  Jourdanet  has  indeed  asserted  ^  that 
the  usual  notion  that  the  respirations  are  augmented  in  number  in  the  in- 
habitants of  high  lands  is  "  completely  erroneous  ; "  that  the  respirations  are 
in  fact  lessened,  and  that  from  time  to  time  a  deeper  respiration  is  volun- 
tarily made  as  a  partial  compensation.  But  Coindet,  from  1500  observations 
on  French  and  Mexicans,  does  not  confirm  this  ;  the  mean  number  of  respira- 
tions was  19-36  per  minute  for  the  French,  and  20-297  for  the  Mexicans. 

As  a  cm-ative  agent,  mountain  air  (that  is,  the  consequences  of  lessened 
pressure  chiefly)  ranks  very  high  in  all  ansemic  affections  from  whatever 
cause  (malaria,  haemorrhage,  digestive  feebleness,  even  lead  and  mercury 
poisoning) ;  and  it  would  appear,  from  Hermann  Weber's  observations, 
that  the  existence  of  valvular  heart  disease  is,  if  proper  rules  are  observed, 
no  contradiction  against  the  lower  elevations  (2000  to  3000  feet).  Neuralgia, 
gout,  and  rheumatism  are  all  benefited  by  high  Alpine  positions  (H.  Weber)! 
Scrofula  and  consumption  have  been  long  known  to  be  rare  among  the 
dwellers  on  high  lands,  and  the  curative  effect  on  these  diseases  of'^such 
places  is  also  marked ;  but  it  is  possible  that  the  open  air  life  which  is  led 
has  an  influence,  as  it  is  now  known  that  great  elevation  is  not  necessary  for 
the  cure  of  phthisis.  ^ 

Dr.  Hermann  Weber,  in  his  important  work  on  the  Swiss  Alps  (p.  22), 
has  given  the  present  evidence,  and  has  shown  how  in  the  true  Alpine 
region— in  Dauphin6,  in  Peru  and  Mexico,  and  in  Germany— phthisis  is 
decidedly  averted  or  prevented  by  high  altitudes.  The  more  recent  experience 
of  Davos  Platz  is  confirmatory. 

Although  on  the  Alps  phthisis  is  arrested  in  strangers,  in  many  places  the 
Swiss  women  on  the  lower  heights  suffer  greatly  from  it ;  the  cause  is  a 
social  one  ;  the  women  employed  in  making  embroidery  congregate  all  day 
in  small,  ill-ventilated,  low  rooms,  where  they  are  often  obliged  to  be  in  a 
constrained  position ;  their  food  is  poor  in  quahty.  Scrofula  is  very  common. 
The  men  who  live  an  open  air  life  are  exempt ;  therefore,  in  the  very  place 
where  strangers  are  getting  well  of  phthisis  the  natives  die  from  it— another 
instance  that  we  must  look  to  local  conditions  and  social  habits  for  the 
great  cause  of  phthisis.  If  would  even  seem  possible  that,  after  all,  it  is 
not  indeed  elevation  and  rarefaction  of  aii-,  but  simply  plenty  of  fresh  air 
and  exercise,  which  are  the  great  agents  in  the  cure  of  phthisis. 

Jourdanet,  who  differs  from  so  much  that  is  commonly  accepted  on  this 
point,  gives  additional  evidence  on  the  efl^ect  of  elevation  on  phthisis.  At 
Vera  Cruz  phthisis  is  common  ;  at  Puebla  and  on  the  Mexican  heights  it  is 
^imost  ahsGnt  {d  peic  pres  nuUe).  °  ' 

The  diseases  for  which  mountain  air  is  least  useful  are— rheumatism  at 
the  lower  elevations  where  the  air  is  moist;  above  tins  rheumatism  is 

^  Du  Mexique,  p.  76.  ' 

2  Some  time  a^o  a  remarkable  paper  was  published  by  Dr.  Jaines  Blake  of  C'llifm-nin  ^  *i 
treatment  of  phthisis  (/>ac/y/6-  Medical  Journal,  1860).    He  adopted  the  n  a  i      "  i^^ 
patients  live  in  the  open  air  ;  in  the  summer  months  he  made  theS  slee  out  w  thm  V" 
the  result  was  an  astonishing  improvement  in  digestion  and  saneuifiSo  I 
any  111  effects  from  cold  and  wet  is  described  as  marvellous    1^1^?  Bh  e  ll/ 
perfectly  trustworthy,  these  statements  are  worthy  of  all  conSLrltion  ^" 
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improved  ;  and  chronic  inflammatory  affections  of  the  respiratory  organs  (1). 
The  "mountain  asthma"  appears,  however,  from  Weber's  observations,  to 
bo  no  specific  disease,  but  to  be  common  pulmonary  emphysema  following 
chronic  bronchitis. 

It  seems  likely  that  pneumonia,  pleurisy,  and  acute  bronchitis  are  more 
common  in  higher  Alpine  regions  than  lower  down. 

Effects  of  increased  Pressure. — The  effects  of  increased  pressure  have  been 
noticed  in  persons  working  in  diving-bells,  &c.,  or  in  those  submitted  to 
treatment  by  compressed  air.  (At  Lyons  and  at  Eeichenhall  ^  especially.) 
When  the  pressure  is  increased  to  from  1^  to  2  atmospheres,  the  pulse 
becomes  slower,  though  this  varies  in  individual  cases  ;  the  mean  lessening 
is  10  beats  per  minute  ;  the  respirations  are  slightly  lessened  (1  per  minute); 
evaporation  from  the  skin  and  lungs  is  said  to  be  lessened  {1) ;  there  is  some 
recession  of  blood  from  the  peripheral  parts ;  there  is  a  little  ringing  and 
sometimes  pain  in  the  ears  ;  hearing  is  more  acute  ;  the  urine  is  increased  in 
quantity ;  appetite  is  increased ;  it  is  said  men  will  work  more  vigorously. 
When  the  pressure  is  much  greater  (two  or  three  atmospheres)  the  effects  are 
sometimes  very  marked  ;  great  lowering  of  the  pulse,  heaviness,  headache, 
and  sometimes,  it  is  said,  deafness.  It  is  said  2  that  more  oxygen  is  absorbed, 
and  that  the  venous  blood  is  as  red  as  the  arterial ;  the  skin  also  sometimes 
acts  more,  and  there  may  even  be  sweating.  The  main  effect  is  to  lessen  the 
quantity  of  blood  in  the  veins  and  auricles,  and  to  increase  it  in  the  arteries 
and  ventricles ;  the  filling  of  the  ventricle  during  the  relaxation  takes  place 
more  slowly.  The  diastolic  interval  is  lengthened,  and  the  pulse  is  therefore 
slower. 

When  the  workmen  leave  the  compressed  air  they  are  said  to  suffer  from 
h£emorrhages  and  occasional  nervous  affections,  which  may  be  from  cerebral 
or  spinal  hemorrhaged  As  a  curative  agent  in  phthisis,  the  evidence  is  un- 
favourable. ■.  -I. 

Some  observations  lately  made  by  M.  Bert  ^  show  that  oxygen,  when  it 
enters  the  blood  under  pressure  (such  as  that  given  by  17  atmospheres  of 
atmospheric  air,  or  3^  atmospheres  of  pure  oxygen),  is  toxic  to  birds,  pro- 
ducincr  convulsions.  Convulsions  are  produced  in  dogs  when  the  pressure  is 
only  7  or  8  atmospheres,  and  when  the  oxygen  amounts  to  only  double  the 
normal  amount,  or,  in  other  words,  reaches  32  C.C.  per  100  C.C.  of  blood. 
M  Bert  conjectures  that  the  toxic  influence  of  oxygen  is  on  the  nervous- 
centres  like  strychnine.  The  animal  temperature  fell  2  or  3  degrees  (C.) 
durincr'the  convulsions,  so  that  excess  of  oxygen  did  not  cause  increased  com- 
bustion In  the  case  of  a  dog  kept  under  a  pressure  of  9|  atmospheres  for 
some  time  eras  was  found  in  the  ventral  cavity  and  m  the  areolar  tissue.  In 
man  the  pressure  of  only  5  atmospheres  appears  to  be  dangerous.^ 

Is  Acclimatisation  possible  ?. 
The  doctrine  of  acclimatisation  has  been  much  debated  but  probably  we 
do  not  know  sufficiently  the  physiological  conditions  of  the  body  un^er 

1  For  an  account  of  tlie  effects  noted  at  Eeichenhall,  see  Dr.  Burdon-Sanderson's  account  in 
The  Practitioner, 'No.  iv.  1S68, -p.  221.        ,„  ~      mj^^    lofiq  -NTr.  "^9 

Journal,  Nov.  1864. 

4  Chemical  News,  March  28,  1873  ^^^^^^^  i„ 

5  In  the  colliery  accident  at  Font-y-i  lycui,  several  "^^-^       .  „-essure  is  unknown,  hut  it 
small  space,  in  which  the  air  was  much  compressed.    The  .^xact  pressuie  is  , 

was  sufficient  to  drive  one  of  the  men,  with  fatal  force,  1"*°  ^^^^^  "^'^l™ 
Although  the  men  were  without  food  all  the  time,  they  appealed  to  ha^esul^ere(l  less 

might  have  been  anticipated. 
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different  circumstances.  In  the  case  of  Europeans  living  till  puberty  in  a 
temperate  region,  near  the  sea-level,  and  in  a  moist  climate  like  England,  and 
then  going  to  the  tropics,  the  question  of  acclimatisation  would  be  put  in  this 
form, — Does  the  body  accommodate  itself  to  greater  heat,  to  lessened  humidity 
in  some  cases,  or  greater  in  others,  and  to  varying  altitudes  1 

There  can  be  little  doubt  that  the  body  does  accommodate  itself  within 
certain  limits  to  greater  heat,  as  we  have  seen  that  the  lungs  act  less,  the  skin 
more,  and  that  the  circulation  lessens  when  Englishmen  pass  into  the  tropics. 
There  is  so  far  an  accommodation  or  alteration  impressed  on  the  functions  of 
the  body  by  unwonted  heat.  And  we  may  believe  that  this  effect  is  per- 
manent, i.e.,  that  the  lungs  continue  to  act  less,  and  the  skin  more,  as  long  as 
the  Europeans  remain  in  the  tropics.  Doubtless,  if  the  race  were  perpetuated 
in  the  tropics,  succeeding  generations  would  show  fixed  alterations  in  these 
organs. 

We  may  conclude  that  the  converse  holds  true,  and  that  the  cold  of  tem- 
perate regions  will  influence  natives  of  the  tropics  in  an  opposite  way,  and 
this  seems  to  be  rendered  likely  by  the  way  in  which  lung  affections  arise  in 
many  of  them. 

We  may  admit  there  is  an  acclimatisation  in  this  sense,  but  in  no  other. 
The  usual  belief  that  the  constitution  acquires  in  some  way  a  power  of  resist- 
ing unhealthy  influences — that  is,  a  power  of  not  being  any  longer  susceptible 
to  them — is  not  supported  by  any  good  evidence.  The  lungs  in  Europeans 
will  not  regain  their  weight  and  amount  of  action  in  the  tropics ;  a  change 
to  a  cold  climate  only  will  cause  this ;  the  skin  retains  its  increased  function 
until  the  cause  producing  it  is  removed.  So  also  there  is  no  acclimatisation 
in  any  sense  of  the  word  for  malaria. 


SECTION  V. 


COMPOSITION  OF  THE  AIR. 

The  proportionate  amounts  of  oxygen  and  nitrogen  remain  very  constant  in 
all  countries,  and  the  range  of  variation  is  not  great. 

So  also,  apart  from  the  habitations  of  men,  the  amount  of  carbon  dioxide 
is  (at  elevations  occupied  by  men)  constant.  The  variations  in  watery  vapour 
have  been  already  noticed. 

The  only  alterations  in  the  composition  of  the  air  which  come  under  the 
head  of  climate,  are  changes  in  the  state  in  which  oxygen  exists  (for  no  change 
is  known  to  occur  in  nitrogen),  and  the  presence  of  impurities. 

Sub-Section  I. — Ozone. 

Ozone  is  now  admitted  by  most  chemists  to  be  an  allotropic  condition  of 
oxygen ;  and,  as  conjectured  by  Odling,  it  is  now  believed  that  it  is  a  com- 
pound molecule  made  up  of  three  molecules  (O2O)  of  oxygen.  The  so-called 
antozone  is  now  believed  to  be  peroxide  of  hydrogen  diffused  in  a  large  quan- 
tity of  atmospheric  air.  Variations  in  the  amount  of  ozone  have  been  sup- 
posed to  be  a  cause  of  climatic  difference,  but,  in  spite  of  all  the  labour  which 
has  been  given  to  this  subjeet,  the  evidence  is  very  unconclusive.  The  reac- 
tion with  the  ozone  paper  is  liable  to  great  fallacies.  1  Yet  it  seems  clear 
that  some  points  are  made  out ;  the  ozonic  reaction  is  greater  in  pure  than 

i«-oT^'°m,"^'i®'^*°^^™°^"^^ill^e  found  fully  disctissecl  by  Dr.  C.  Fox  (Ozone  and  A^fn^^.,„ 
18/3).   The  causes  of  fallacy  in  the  tests  are  carefully  e.xplained  Aniozmie, 
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impure  air ;  gi-eator  at  the  sea-side  tlian  in  the  interior ;  greater  in  mountain 
air  than  in  the  plains  ;  absent  in  the  centre  of  largo  towns,  yet  present  in  the 
suhurhs  ;  ahsent  in  an  hospital  ward,  yet  present  in  the  air  outside.  In  this 
country  it  is  greater  with  south  and  west  winds  ;  greater,  according  to  Moffat, 
when  the  mean  daily  temperature  and  the  dew-point  temperature  are  above 
the  mean  ;  the  same  observer  found  it  in  increased  quantity  with  decreasing 
readings  of  the  barometer,  and  conversely  in  lessened  quantity  with  increasing 

readings.  ^ ,  . .  ,      .  , 

The  imperfections  in  the  test  render  it  desirable  to  avoid  drawing  conclu- 
sions at  present ;  but  one  or  two  points  must  be  adverted  to. 

1.  Owin-^  probably  to  the  oxidising  power  of  ozone  when  prepared  in  the 
laboratory,  "a  great  power  of  destruction  of  organic  matter  floating  in  the  air 
has  been  ascrfbed  to  ozone  by  Schonbein,  and  the  absence  of  ozone  in  the  air 
1ms  been  attributed  by  others  to  the  amount  of  organic  matter  in  the  air  of 
towns  Even  the  cessation  of  epidemics  (of  cholera,  malarious  fevers)  has 
been  ascribed  to  currents  of  air  bringing  ozone  with  them.  The  accumula- 
tion of  malaria  at  night  has  been  ascribed  to  the  non-production  of  ozone  by 
the  suns  ray's  (TJhle).  The  effect  of  stagnant  air  in  increasing  epidemics  has 
also  been  ascribed  to  the  absence  of  ozone.  _ 

It  seems  clear  that  the  substance  giving  the  reaction  of  ozone  is  neither 
dehcient  in  marshy  districts,  nor  when  ozone  is  conducted  through  marsh 
dew  does  it  destroy  the  organic  matter.^  ,        .  .  „ 

2  On  account  of  the  irritating  effect  of  ozone,  Avhen  rising  from  an 
electrode  Schonbein  believed  it  had  the  power  of  causing  catarrh,  and 
inferred  that  epidemics  of  influenza  might  be  produced  by  it  He  attempted 
to  adduce  evidence,  but  at  present  it  may  safely  be  said  that  there  is  no 
nroof  of  such  an  origin  of  epidemic  catarrhs. 

3  A  popular  opinion  is,  that  a  chmate  m  which  there  is  much  ozone  {i.e., 
of  the  substance  giving  the  reaction  with  iodide  and  starch  paper)  is  a 
heaMy  -e  a  common  phrase,  an  exciting  one  The  coincidence  of 
excess  of  thiL  reaction  with  pure  air  lends  some  support  to  this,  but,  like  the 
former  opinions,  it  stiU  wants  a  sufficient  experimental  basis.  _ 

On  thrwhole,  the  subject  of  the  presence  and  effects  of  ozone,  cunous  and 
.•nW^tino-  as  it  is  is  very  uncertain  at  present;  experiments  must  be  nume- 
^t7illeL^i^^  drawn  from  them  must  be  received  with  caution. 

Sub-Section  II.— Malaria. 

The  mc.t  ^^^ZX^  ^ 
tt  m"  if  the  I'pters'^on  Soils  Ld  Aik  the  most  important 
It  IS  ^^^ted  with  malaria  have  been  noted.    In  this  place  it 

X- -Sns  to  not  one  or  two  of  the  climatic  points  associated  with 

^""^r Vertical  A.cent-A  marsh  or  malarious  tract  of  country  existing  at  any 
7 f:i^f'r<nvcs  immunity  from  the  malaria,  supposing  there  is  no 
point,  what  altitude  g^^^s  imm      j  ^  ^l^y^^on  lessens 

drifting  up  ravines  1  '^^J'"^^^  b^.t  complete  security  is  only 

danger-a  few  f^^V^.^^,^;/^^  ^elevS^^^^^     200  to  300  feet  are  often, 

*  "  •     1   ar.\A       T23)  Grellois  lias  lately  stated  that  he 

1  In  addition  to  what  has         Pf^r^S-e'^  .series  of  observations  on  ozone 

foniul  more  ozone  over  a  marsh  than  ehsew  eie.  An 

in  the  l^ombay  Presidency  has  been  made  by  Dr.  Cook. 


MALAlilA — ELEGTEICITY — LIGHT. 


433 


At  present  the  elevation  of  perfect  security  in  different  parts  of  the  world 
is  not  certainly  determined,  but  appears  to  be — 

Italy,    .       .       .       .  400  to   500  feet.i 

America  (Appalachia),   .       .  3000 

California,^   .       .       .       .       1000  „ 

India,  ....  2000  to  3000  „ 

West  Indies,         .       .  1400  „  1800  up  to  2200  feet. 

But  these  numbers  are  so  far  uncertain  that  it  has  not  always  been  seen 
that  the  question  is  not,  whether  marshes  can  exist  at  these  elevations  (we 
know  they  can  be  active  at  6000  feet),  but  whether  the  emanations  from  a 
marsh  will  ascend  that  height  without  drifting  up  ravines  ?  1000  to  1200 
feet  would  generally  give  security  in  all  probability. 

2,  Horizontal  Sioread. — In  a  calm  air  Levy  ^  has  supposed  that  the  malaria 
will  spread  until  it  occupies  a  cube  of  1400  to  2000  feet,  which  is  equivalent 
to  saying  it  will  spread  700  to  1000  feet  horizontally  from  the  central  point 
of  the  marsh.  But  currents  of  air  take  it  great  distances,  though  the  best 
observations  show  that  these  distances  are  less  than  were  supposed,  and 
seldom  overpass  one  or  two  miles,  unless  the  air-currents  are  rapid  and  strong. 
The  precise  limits  are  unknown,  but  it  is  very  doubtful  if  the  belief  in  trans- 
ference of  malaria  by  air-currents  for  10,  20,  or  even  100  miles,  is  correct. 

3.  Spread  over  Water. — The  few  precise  observations  show  that  this 
differs  in  different  countries.  In  the  Channel,  between  Beveland  and 
Walcheren,  3000  feet  of  water  stopped  it  (Blane).  In  China  and  the  West 
Indies  a  farther  distance  is  necessary,  In  China  three-quarters  of  a  mile  has 
been  effectual  f  in  the  West  Indies  one  mile.  Grant  thinks  that  salt  water 
is  more  eflScacious  than  fresh. 


SECTION  VI. 
ELECTRICAL  CONDITION— LIGHT. 

That  these,  as  well  as  heat,  are  important  parts  of  that  complex  agency  we 
call  Climate,  seems  clear;  but  little  can  be  said  on  the  point.  In  hot 
countries  positive  electricity  is  more  abundant ;  but  the  effect  of  its  amount 
and  variation  on  health  and  on  the  spread  and  intensity  of  diseases  is  quite 
unknown.  All  that  has  been  ascribed  to  it  is  pure  speculation.  The  only 
cei^tam  fact  seems  to  be  that  the  spread  of  cholera  is  not  influenced  by  it. 

With  regard  to  light,  the  physiological  doctrine  of  the  necessity  of  light  for 
growth  and  perfect  nutrition  makes  us  feel  sure  that  this  is  an  important 
part  of  climate,  but  no  positive  facts  are  known. 


^  Carrifere,  quoted  by  Levy,  t.  i.  p.  491. 

This  information  was  given  Dr.  James  Blake. 
3  T.  i.  p.  464. 

■*  Grant  (quoted  Ijy  Chevers),  Indian  Annals,  1859,  p.  636. 
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DESCRIPTION  0¥  TtlE  METEOROLOGICAL  INSTRUMENTS, 
AND  A  EEW  REMARKS  ON  METEOROLOGY. 

As  meteorological  observations  are  now  so  commonly  made,  and  as  in  the 
army  instruments  are  provided  at  many  foreign  stations,  it  is  desirable  to 
o-ive  a  few  plain  instructions  on  the  use  of  these  instruments.!  por  the  con- 
venience of  beginners,  a  few  observations  on  Meteorology  are  also  added. 

1  The  following  is  the  official  circular  issued  by  the  Army  Medical  Department  :— 
Official  Instructions  for  Reading  the  Meteorological  Instruments. 

The  observer  should  make  himself  thoroughly  acquainted  ^vith  the  scale  of  every  instrument 
esSallv  wIth  that  of  the  barometer  and  its  attached  veruieis  and  by  frequent  ^ompar  sons 
ascerSKrhe  a^^^  his  deputy  read  the  instruments  alike,  and  record  the  obsBrvations  accu- 

'"Sf  observations  must  be  recorded  exactly  as  read.  _  The  corrections  are  to  be  made  only  at 

^^TomeS  ^^.Zt~::.:Lt:^  toT^-tMrd  decimal  place  ;  tt.ermometrical  to 
th^SrcfecfmaL  W^^^^^^^^^  readings  are  exactly  to  the  inch  or  degree,  the  places  for  the  deci- 
mals must  be  filled  with  ciphei^  possible,  consistent  with  perfect  accuracy, 
anrtL°Senrm.i?S^^^  1-ticularly  the  dry  and  wet  bulb, 

and  the  temperature  of  attached  thermometer  in  degrees  only  ;  by 

Barometer  ^eaf^wifirs.— Wote  tue  temp^  mercury  in  the  cistern  to  its  proper  level, 

means  of  the  thumb-screw  at  the  bottom  .^l^^^^^  without  breaking  the  surface  ; 

the  point  of  the  ivory  cone  which  M  of  the  mercury,  and 

then  bring  the  zero  Ime  of  the  vermei  to         f7  ifi  of  Sir  H  James's  Book  of  Instructions.^ 
read  off  in  the  ^^^^^l^f:^''''^^;^^^^^  are  so  open  that 

theSSSti  wtS^^^^^  degree!   Practice  and  attention  will  ms..e 

accuracy.  ,  maximum  thermometer  must  be  hung  at  such  a 

di*S™  ?S.7^om'k?'™^^^  wet-Wl,  tUevmometer.  that  its  read.ugs 

may  not  be  affected  by  evaporation.  ^    ^      gUghHy  inclined 

fn  hanging  the  SsL^?n  preventing  the  return  of  any  portion  of 

doionwards,  which  ^^i^.i^f  e  the  eflect  ot  a^^^^^^^^     m  P  ^ead  the  instrument, 

the  column  of  mercury  into  the  iDulb  on  a  de™  which  position  of  the 

gently  elevate  the  end  furthest  from  the  bu^^^^^^^^  or  a  tap  on 

it™e*n  fJ^m^^^^^^^^^^^  °^  «     ^^^^"^  '''' 

-^^S^:^lR^,orthe  Vacr^^^n^^ 

on  the  same  principle  as  the  last  mentioned  m^^^^^^^  tj^^  still 

^^S'^S:^^^^  ^^IS^^^  W  and  the  thermometer  be 

bulb  may  be  about  one  inch  lower  ^^J^^^^^J^J^^^^  temperature. 

position  the  index  is  less  ^^^ly  to  be  aftectea      a  me  i     ^^^^^^^  ^  , 

^  The  extremity  of  the  index  fj^-tii'^^}.  ^^^^Vhe  readiuron  the  scale  corresponding  to  this  is 
spirit  has  fallen  since  the  last  observation.  , J'"r.[^t  ^  fbu lb,  the  index  will  Heat  towards  the 
the  temperature  to  be  recorded.    Then  f i'^J^j^"  |  *f '       \^  instrument  is  re-set. 
end  of  the  spirit.    When  it  has  J^ffjf^^^.^'f'^l^^^^^  like  the  last,  and  the 

Minimum  on  Grass,  Terrestrial  Raihatim  Therinometer 

directions  above  given  are  also  applicable  to  it.  

"  '.       '■    ,1  .  rr^„  .sf  \feteoro\0Q\cal  Instruments,  by  K.  H.  Scott, 

1  For  these  are  now  substituted  Mruc,4ous  f  ^flS 

M.A.,  F.lt.S.,  1877    The  Barometer  corrections  arc  cxpUuuecl  at  pp.  ov, 
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SECTION  I. 


THERMOMETERS  FOR  TAKING  THE  TEMPERATURE  OF  THE  AIR. 

Maximum  Thermometers. 

Two  maximum  thermometers  are  issued — one  to  observe  the  greatest  heat 
in  the  sun,  the  other  in  the  shade. 

The  Sun  Maximum  or  Solar  Radiation  Thermometer  is  formed  by  a 
glass  case  (from  which  the  air  is  removed),  containing  a  mercurial  thermo- 
meter with  a  blackened  bulb.  The  case  shelters  from  currents  of  air ;  the 
black  bulb  absorbs  the  sun's  rays.  The  tube  of  the  thermometer  is  slightly 
bent  near  the  bulb,  and  a  piece  of  porcelain  is  inserted  Avhich  narrows  the 
tube.  The  effect  of  this  is  to  make  the  thermometer  self-registering,  as,  after 
the  mercury  has  expanded  to  its  fullest  extent,  instead  of  retiring  into  the 
bulb  on  cooling,  it  is  stopped  by  the  porcelain,  and  the  mercury  breaks 
between  the  porcelain  and  the  bulb.  The  instrument  is  placed  at  a  height 
of  four  feet  from  the  ground  on  wooden  supports,  and  in  any  place  where 
the  sun's  rays  can  freely  fall  on  it. 

The  Shade  Maximum  is  a  mercurial  thermometer,  n»t  inclosed  in  a  case 
but  mounted  on  a  frame.    Its  construction  and  manner  of  readino-  are  other- 
wise similar  to  those  of  the  sun  thermometer.  ° 

It  is  placed  in  the  shade  foar  feet  above  the  ground,  and  sufficiently  far 
from  any  walls  to  be  unaffected  by  radiation.  It  should  be  freely  exposed 
to  the  air,  but  perfectly  protected  from  the  sun's  rays. 


After  reading  and  re-setting  the  self-registering  thermometers,  compare  them  with  the  drv- 
bulb  thermometer  m  order  to  ascertain  that  their  readings  are  nearly  the  same 

Dry  and  Wet-Bulb  Thermometers.— Eving  the  eye  on  a  level  with  the  top  of  the  mercury  in 
the  tube  of  the  dry-bulb  thermometer,  and  take  the  reading,  then  complete  the  observation  by 
notmg  m  like  manner  the  reading  of  the  wet-bulb  thermometer  ^ 

The  temperature  of  the  air  is  given  by  the  former,  that  of  evaporation  by  the  latter  From 
these  data  the  hygrometrical  results  are  to  be  calculated  by  Glaisher's  Tables,  3rd  edition  ^ 
.  i^^^T^ff       ^  i>/^as!<r^.-Pour  the  contents  of  the  gauge  into  any  convenient  vessel  with 
a  lip,  ancl  trom  this  into  the  glass  measure,  which  has  been  graduated  especially  for  the  gauge 
ancUs  only  to  be  used  m  measuring  its  contents.    It  is  graduated  to  the  himdredths  of  In 

^^^li      ^'^"^  *°  The  first  on  the  left  records  hundreds 

of  rmTl'e.  '  '  ^^""^^^     ^         ''^^•^      flft^  hundredths 

,li?i?+Ty! +nf7  °^       anemometer  is  obtained  by  deducting  from  the  amount  registered  by  the 
dials  the  total  sum  registered  at  the  period  of  the  precedfng  observation.    Thl  difference  be 
arL^mSS'1l*°  "r^",  correction) indicates\he  velo&ty  or  horizontal  movement  ^f  th^ 
first  se?  m    hJ.l  5     ^^^^^i^^V^T^  ^""^^'^"^  ^'^t"™"    ^lien  the  instrument  is 

t.Hl  t  JS'  a^"ig  on  the  dials  must  be  noted,  in  order  that  it  may  be  deducted  from  the 
total  registered  by  the  dials  at  the  end  of  the  first  period  of  observation 

ecuiX%atkfSfnr'''*'°"u  °?       presence  of  ozone,  a  box  has  been  found  to  be  unnecessary 
Stho^u  f  of  tt/^f?'?^*\^?'^^      u"'^'  ^yfi^i^g  the  paper  immediately  under  th^ 

prope?  exposure.  '  sufficiently  from  a  strong  light,  while  it  secures 

m^v^L°lvl!!!^iT  *'^^™o"^eters  are  liable  to  get  out  of  order-first,  by  carriage,  when  the  index 
frnn. +L  °\  ^^""^^^  °f       spirit,  or  a  portion  of  s/irit  may  become  detached 

ube    1T«  '°^r.!!'         ''"^"^^^y'  evaporation  of  the  spirit,  JhichTsin' in liie 

therA,ni  -''.f  *       ;'PP.^?:  T^^*^  first-mentioned  errors  are  corrected  by  tSdn^  Sf. 

secoml  ^"^^  downwards,  and  giving  it  a  swing  up  and  domi  Th^ 

SoS:^^^^^^^^^^  "allows  thfcTndenli^I 

rP^Iv^'T"?,"  "0  .account  whatever  is  artificial  heat  to  be  applied  to  a  spirit  thermomp+Pr  t 
je^ jettmg  the  minimum,  the  index  should  never  be  broughTquite  to  the  Sd  of™  eT^^^^^^^^  'jj. 

^  A  fith  edition  is  now  publislied. 

IS  generally  necessary  to  swing  the  instniment.to  get  back  the  brokon  porUon  of  the  column. 


436 


DKSCRIl'TION  OF  METKOKOLOGIOAL  INSTRUMENTS. 


Miniinum  Tkermometei's.  ^ 
Two  minimum  thermometers  are  supplied. 

The  Shade  Mi  nimum  is  an  alcoholic  thermometer  with  a  small  index  in 
the  alcohol.  It  is  set  by  allowing  the  index  to  slide  nearlT/  to  the  end  of  the 
spirit ;  as  the  spirit  contracts  during  cold,  it  carries  the  index  down ;  when  it 
expands  again  it  cannot  move  the  index,  but  leaves  it  at  the  degree  of 
greatest  cold.  The  end  of  the  index  farthest  from  the  bulb  is  the  point  to 
read. 

This  thermometer  is  placed  in  the  shade  four  feet  above  ground,  under  the 
same  conditions  as  the  shade  maximum. 

The  Grass  Minimum  or  Terrestrial  Radiation  Thermometer  is  a  ther- 
mometer of  the  same  kind,  but  protected  by  a  glass  shield.  It  is  placed 
almost  close  to  the  ground  on  grass,  suspended  on  little  tripods  of  wood,  but 
it  should  not  touch  the  ground  ;  it  is  intended  to  indicate  the  amount  of  cooling 
produced  by  radiation  from  the  ground.  If  snow  lies  on  the  ground  the  bulb 
should  be  placed  in  the  snow.  Scott  recommends  a  black  board  on  which 
to  lay  the  thermometer  where  no  grass  can  be  obtained.^ 

Common  Thermometer. 

The  dry  bulb  of  tlft  "  wet  and  dry  bulb  thermometer  "  is  read  as  a  common 
thermometer. 

Reading  of  the  Thermometers. 

All  these  thermometers  can  be  read  to  tenths  of  a  degree.  The  maximum 
and  minimum  thermometers  are  read  once  a  day,  usually  at  9  a.m,;  the 
former  marks  the  highest  point  reached  on  the  'premous  afternoon,  and  must 
be  so  entered  on  the  return ;  the  latter,  the  lowest  point  reached  on  the  same 
morning.^  For  the  army  returns  the  common  thermometer  is  read  twice  a 
day,  at  9  a.m.  and  3  p.m. 

Range  of  the  Temperature. — The  maximum  and  minimum  in  shade  give 
most  important  climatic  indications  ;  the  difference  between  them  on  the 
same  day  constitutes  the  range  of  the  diurnal  fluctuatioh.  The  range  is 
expressed  in  several  ways. 

The  extreme  daily  range  in  the  month  or  year  is  the  difference  between 
the  maximum  and  minimum  thermometer  on  any  one  day. 

The  extreme  monthly  or  annual  range  is  the  difference  between  the  greatest 
and  least  height  in  the  month  or  year. 

The  mean  monthly  range  is  the  daily  ranges  added  and  divided  by  the 
number  of  days  in  a  month  (or  between  the  mean  of  all  the  maxima  and 
the  mean  of  all  the  minima). 

The  yearly  mean  range  is  the  monthly  ranges  added  and  divided  by  12 

Mean  Temperature. — The  mean  temperature  of  the  day  is  obtained  in  the 

following  ways  : — 

(a)  At  Greenwich  and  other  observatories,  where  by  means  of  photography 


1  Great  difficulty  is  found  with  sjiirit  thermometers  on  account  of  their  being  so  much  less 
sensitive  than  mercurial.  To  remedy  this  the  bulb  is  sometimes  made  fork-shaped,  or  other- 
wise modified  so  as  to  expose  as  large  a  surface  as  possible.         ,      ,  . 

2  Instructions,  &c.  Scott  adds  :  "  Under  any  circumstances,  a  board  gives  a  better  measure 
of  terrestrial  radiation  than  grass."  ,  .  ,  xi  ■         ^        •  ^ 

It  is  desirable  that  these  tliermometers  should  be  read  both  momuig  and  evenmg.  In 
winter  the  maximum  sometimes  occurs  in  the  early  morning  and  the  minimum  in  the  after- 
noon In  winter  the  range  depends  more  on  the  direction  of  the  wind  than  on  the  time  of  day 
(Scott).  But  uniformity  of  practice  is  the  primary  essential,  and  at  stations  where  observa- 
tions are  made  only  once  a  day,  viz.,  at  9  A.M.,  or  even  tAvice,  unless  the  second  reading  is  after 
6  V.M.,  the  .above  rule  as  to  entry  must  be  followed. 


HEADING  OF  THE  TIIERMOMKTEKS. 


437 


the  height  of  the  thermometer  at  every  moment  of  the  day  is  registered,  the 
mean  of  the  liourly  readings  is  taken.  This  has  been  found  to  accord  with 
the  absolute  mean  (found  by  taking  the  mean  of  the  whole  curve)  to  within 
Jjyth  of  a  degree. 

(b)  Approximately  in  several  ways.  Taking  the  mean  of  the  shade 
maximum  and  minimum  of  the  same  day.  In  this  country,  during  tlie  cold 
months  (December  and  January),  the  result  is  very  close  to  tbe  truth;  but 
as  the  temperature  increases,  a  greater  and  greater  error  is  produced,  until  in 
July  the  mean  monthly  error  is  +  T'D  Fahr.,  and  in  some  hot  days  is  much, 
greater.  In  the  tropics,  the  mean  of  the  maximum  and  minimum  must  give 
a  result  still  further  from  the  truth. 

Monthly  corrections  can  be  applied  to  bring  these  means  nearer  the  truth. 
Mr.  Glaisher's  corrections  for  this  country  are  as  follows  : — 

Subtract  from  the  monthly  mean  of  the  maximum  and  minimum — 


May,  1-7 

June,  1'8 

July,  1-9 

August,  1  -7 


September,  1'3 
October,  I'O 
November,  0*4 
December,  0*0 


January,  0*2 
February,  04 
March,  1  -0 
April,  1-5 

The  result  is  the  approximate  mean  temperature.  But  this  is  true  only  for 
this  country.^ 

In  a  great  number  of  places  the  mean  temperature  of  the  day  and  year,  as 
stated  in  books,  is  derived  solely  from  the  mean  of  the  maximum  and 
minimum. 2  According  to  Scott,  the  approximation  to  the  true  mean  is  very 
close  in  most  parts  of  the  world,  especially  if  the  observations  be  taken  as 
near  the  end  of  the  period  as  possible,  near  midnight,  for  instance,  for  the 
mean  of  the  civil  day  of  twenty-four  hours. 

The  approximate  mean  temperature  may  also  be  obtained  by  taking 
observations  at  certain  times  during  the  day,  and  applying  a  correction.  Mr. 
Glaisher  has  given  some  very  valuable  tables  of  this  kind,-'^  whicb  can  be 
consulted.* 

If  the  temperature  be  taken  twice  a  day  at  homonymous  hours,  sucb  as 
9  A.M.  and  9  p.m.,  the  mean  of  these  does  not  differ  mucbfrom  the  true  daily 
mean  (Scott). 

The  nearest  approach  to  the  mean  temperature  of  the  day  by  a  single 
observation  is  given  at  from  8  to  9  p.m.  ;  the  next  is  in  the  morning — about 
8  o'clock  in  July  and  10  in  December  and  January. 


1  These  mirabers  of  Mr.  Glaisher  are  likely  to  be  modified  very  considerably ;  they  are 
largely  dependent  on  the  pattern  of  the  thermometer  stand  employed. 

2  With  a  Stevenson's  screen  the  simple  mean  of  the  maximum  and  minimum  is  very  near  the 
truth. 

3  On  the  Corrections  to  be  applied  to  Meteorological  Observations  for  Diurnal  Range,  pre- 
pared by  the  Council  of  the  British  Meteorological  Society,  1850.  These  corrections  are  appli- 
cable only  to  this  country. 

*  The  following  rules,  which  are  applicable  in  all  parts  of  the  world,  are  given  by  Hei-s- 
chel  ■^— 

If  observations  are  taken  three  times  daily — at  7  a.m.,  2  p.m.,  and  9  p.m.,— hours  which  we 
may  denote  by  t,  f,  and  i"  ;  then 

t+f+2  t"  .  ,       ,.  1 
 1  =mean  temperature  ol  dqjjr. 

If  the  hours  are  8  a.m.,  3  p.m.,  and  10  p.m.,  the  formula  is— 

7t  +  7  t'+lO  t" 


24 


-=mean  of  day. 


1  Meteorology,  p.  173. 
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The  nearest  approacli  to  the  mean  annual  temperature  is  given  hy  the 
mean  of  the  month  of  October.  Observations  made  from  a  week  before  to  a 
week  after  the  24th  April,  and  again  in  the  corresponding  weeks  of  October, 
give  a  certain  approximation  to  the  yearly  mean  temperature 

The  changes  in  temperature  of  any  place,  during  the  day  or  year,  are  either 
periodic  or  non-periodic.  The  former  are  dependent  on  day  and  night,  and 
on  the  seasons,  i.e.,  on  the  position  of  the  place  with  respect  to  the  sun.  The 
periodic  changes  are  sometimes  termed  fluctuations,  and  the  differences 
between  day  and  night  temperatures,  or  the  temperatures  of  the  hottest  and 
coldest  months,  are  often  called  the  amplitudes  of  the  daily  or  yearly  fluctua- 
tions. 

Daily  Periodic  Changes. — On  land  the  temperature  of  the  air  is  usually 
at  its  lowest  about  3  o'clock  a.m.,  or  just  before  sunrise,  and  at  its  maximum 
about  2  o'clock  p.m.  ;  it  then  falls  nearly  regularly  to  3  o'clock  a.m.  At  sea, 
the  maximum  is  nearly  an  hour  later. 

The  amount  of  diurnal  periodic  change  is  greater  on  land  than  on  water ; 
in  the  interior  of  continents  than  by  the  sea-side  ;  in  elevated  districts  than 
at  sea-level.  As  far  as  land  is  concerned,  it  is  least  on  the  sea-coast  of  tropical 
islands,  as  at  Kingston  in  Jamaica,  Colombo  in  Ceylon,  Singapore,  &c. 

Yearly  Periodic  Changes. — In  the  northern  hemisphere,  the  coldest  month 
is  usually  January  ;  in  some  parts  of  Canada  it  is  February.  On  the  sea,  the 
coldest  month  is  later,  viz.,  March.  The  hottest  month  is  in  most  places 
July,  in  some  few  August ;  on  the  sea  it  is  always  August.  The  coldest  days 
in  this  country  are  towards  the  21st  January;  the  hottest,  about  the  18th  to 
the  21st  July.  At  Toronto  the  hottest  day  is  37  days  after  the  summer 
solstice;  and  the  coldest,  55  days  after  the  winter  solstice. 

It  is  thus  seen  that  both  for  the  diurnal  and  annual  alterations  of  heat  the 
greatest  heat  is  not  simultaneous  with,  but  is  after,  the  culmination  of  the 
sun  ;  this  is  owing  to  the  slow  absorption  of  heat  by  the  earth. 

The  amplitude  of  the  yearly  fluctuation  is  greater  on  land  than  sea,  and  is 
augmented  by  land,  so  that  it  reaches  its  highest  point  in  the  interior  of 
great  extra-tropical  continents. 

It  increases  towards  the  pole  for  three  reasons, — 

1.  The  geographical  fluctuation  of  the  earth's  position  causes  a  great  yearly 
difference  of  the  angle  with  which  the  sun's  rays  fall  on  the  earth. 

2  The  duration  of  incidence  of  the  sun's  rays  (i.e.,  the  number  of 
hours  of  sunshine  or  shade)  have  greater  yearly  differences  than  in  the  tropics. 

3.  In  the  northern  hemisphere  especially  there  is  a  very  great  extent  of 
land,  which  increases  radiation.  •         ^     •   i  i  j 

The  amphtude  of  the  yearly  fluctuation  is  very  small  m  the  tropical  lands 
at  sea-level.  At  Singapore,  it  is  only  3°-6  Fahr.  (Jan.  78  -0  July  82  -4  , 
while  it  is  immense  on  continents  near  the  pole.  At  Jakoutsk,  in  North 
Asia  it  is  112°-5  (January  -  U°-5  and  July  +  68).  All  fluctuations  depend 
to  a  large  extent  upon  the  distance  from  the  sea,  although  local  causes  may 
have  some  influence,  such  as  the  vicinity  of  high  lands. 

In  any  place  there  may  be  great  undulations  and  small  fluctuations,  or 
-reat  changes  in  each  way.  At  Brussels,  the  greatest  possible  yearly  undula- 
tion is  90°  In  some  parts  of  Canada,  immense  undulations  sometimes  occur 
in  a  day,  the  thermometer  ranging  even  50°  to  70°  m  one  day. 

The  hot  winds  of  the  rainless  deserts  have  long  puzzled  meteorologists ; 
they  often  cause  enormous  undulations,  50°  to^as^uch  as  78  Fahr. 

1  Herscliel,  Meteorology,  p.  180. 
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Temperature  of  the  Air  of  any  Place. 
This  depends  on  the  following  conditions  : — 

1.  Geographical  Position  as  influencing  the  Amount  and  Duration  of  Sim's 
Pays  which  are  received— The  nearer  the  equator  the  hotter.  For  23}/  on 
either  side  the  equator  the  sun's  rays  are  vertical  twice  in  the  year,  and  are 
nevei'  more  oblique  than  47°.  The  mean  yearly  temperature  of  the  equator 
is  82°  Fahr. ;  of  the  pole  about  2° '5  Fahr.  The  decline  from  the  equator 
to  the  pole  is  not  regular ;  it  is  more  rapid  from  the  equator  to  30°  than  in 
the  higher  latitudes. 

2.  Relative  Amount  of  Land  and  Water.— The  sun's  rays  passing  through 
the  air  with  but  trifling  loss  fall  on  land  or  on  water.  The  specific  heat  of 
land  being  only  one  quarter  that  of  water,  it  both  absorbs  heat  and  gives  it 
out  more  rapidly.  Water,  on  the  other  hand,  absorbs  it  more  slowly,  stores 
up  a  greater  quantity,  and  parts  with  it  less  readily.  The  temperature  of  the 
superficial  water,  even  in  the  hottest  regions,  seldom  exceeds  80°  to  82",  and 
that  of  the  air  is  generally  below  (2°  to  even  6°)  the  temperature  of  the  water 
(J.  Davy).  Consequently  the  more  land  the  greater  is  the  heat,  and  the 
wider  the  diurnal  and  yearly  amplitudes  of  fluctuation.  The  kind  of  soil  has 
a  great  effect  on  absorption.  The  evaporation  from  the  water  also  greatly 
cools  the  air. 

3.  Elevation  of  the  Place  above  the  Sea-level. — The  greater  the  elevation  the 
colder  the  air,  on  account — 1st,  of  the  lessening  amount  of  earth  to  absorb 
the  sun's  rays  ;  and,  2nd,  on  account  of  the  greater  radiation  into  free  space. 
The  decline  of  temperature  used  to  be  reckoned  at  about  1°  Fahr.  for  each  300 
feet  of  ascent,  but  the  balloon  ascents  of  Mr.  Welsh,  and  especially  of  Mr. 
Glaisher,  have  proved  that  there  is  no  regular  decline;  there  are  many  currents 
of  warm  air  even  in  the  upper  atmosphere.  Still  the  old  rule  is  useful  as  an 
approximation.  The  amount  of  decline  varies,  however,  in  the  same  place  at 
different  times  of  the  year.  In  Mr.  Glaisher's  balloon  ascents,  in  a  cloudy  sky^ 
it  was  about  4°  Fahr.  for  each  inch  of  barometric  fall,  at  first ;  but  when  the 
barometer  had  fallen  1 1  inches,  the  decline  of  temperature  was  more  rapid. 
Under  a  clear  sky  there  was  a  fall  of  5°  Fahr.  for  each  of  the  first  four  inches 
of  descent ;  then  4°  per  inch  till  the  thirteenth  inch  of  descent,  and  then 
4°  "5  for  fourteenth,  fifteenth,  and  sixteenth  inches  of  descent. 

The  snow-line  at  any  spot,  or  the  height  at  which  snow  will  lie  the  whole 
year,  can  be  approximately  reckoned  by  taking  the  mean  yearly  temperature 
of  the  latitude  at  sea-level,  and  multiplying  the  difference  between  that  tem- 
perature and  32°  Fahr.  by  300.  The  aspect  of  a  place,  however,  the  dis- 
tance from  the  sea,  and  other  circumstances,  have  much  to  do  with  the 
height  of  the  permanent  snoAV-line.  The  mean  temperature  of  any  place 
can  be  approximately  reckoned  in  the  same  way,  if  the  mean  tempera- 
ture of  the  latitude  at  sea-level,  and  the  elevation  of  the  place  in  feet,  be 
known. 

4.  As2oect  and  Exposure,  and  Special  Local  Conditions. — These  circum- 
stances chiefly  affect  a  place  by  allowing  free  exposure  to,  or  sheltering  from 
the  sun's  rays,  therefore  lessening  the  number  of  hours  the  rays  reach  the  soil, 
or  by  furnishing  at  certain  times  a  large  moist  surface.  Thus  the  extensive 
sandbanks  of  the  Mersey  cause  very  rapid  alterations  of  temperature  in  the 
water  and  air,  by  being  exposed  every  twenty-four  hours  twice  to  the  sun  and 
sky  (Adie). 

5.  Aerial  and  Ocean  Currents. — These  have  a  greab  effect,  bringino-  clouds 
which  block  out  the  sun  or  produce  rain,  or  which,  in  the  case  of  ocean 
currents,  cool  or  warm  the  air.    The  cold  polar  sea  currents  and  the  warm 
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equatorial  (like  the  Gulf  Stream)  in  some  cases  almost  determine,  and  always 
greatly  influence,  the  temperature  of  a  place, 

6.  Nature  of  the  Soil. — On  this  point  little  is  yet  known,  but  it  is  certain 
that  some  soils  easily  absorb  heat ;  others  do  not.  The  moist  and  claj'^ey 
soils  are  cold ;  the  dry  hard  rocks  and  dry  sands  are  hot. 

The  hottest  places  on  the  earth  are — iii  the  eastern  hemisphere,  near  the 
Eed  Sea,  at  Massava  and  Khartoum  (15°  N.L.),  and  on  the  Nile  in  Lower 
!N"ubia  ;  annual  temperature  =90° '5  Fahr. ;  in  the  western  hemisphere,  on  the 
Continent,  near  the  West  Indies,  the  annual  temperature  is  81°  •5.  These  are 
sometimes  called  the  climatic  poles  of  heat.  The  poles  of  cold  are  in  Siberia 
(Jakoutsk  to  Usjausk,  62°  isT.),  and  near  Melville  Island. 

Isothermal  Lines. — These  are  lines  drawn  on  charts,  and  were  proposed  hy 
Humboldt  to  connect  all  places  having  the  same  mean  annual  temperature. 
The  various  conditions  just  noted  cause  these  lines  to  deviate  more  or  less  from 
the  lines  of  latitude. 

The  lines  of  mean  summer  temperature  (three  months,  June,  J  uly  August) 
are  sometimes  called  isotkeral ;  those  of  mean  winter  temperature  (December, 
January,  and  February)  isocheimonal,  or  isocheimal,  but  these  terms  are  now 
seldom  used,  the  terms,  summer,  winter,  or  monthly  isothermal,  being  su In- 
stituted.^ 

SECTION  II. 
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The  amount  of  watery  vapour  in  the  air  can  be  determined  in  several  ways ; 
by  direct  weighing,  by  Daniell's,  Eegnault's,  or  Dines'  hygrometer,  by  the 
hair  hygrometers  of  Saussure  and  Wolpert,  and  by  the  dry  and  wet  bulbs.^ 
The  method  by  the  dry  and  wet  bulb  thermometers  has  been  adopted  by  the 
Army  Medical  Department,  and  observations  are  taken  twice  daily  (9  a.m.  and 
3  P.M.).  The  instruments  are  not  self-registering,  and  are  simply  read  off. 
They  are  placed  in  the  shade,  four  feet  above  the  ground,  the  bulbs  freely 
exposed  to  the  air,  but  not  exposed  to  the  effect  of  radiant  heat  froni  brick 
walls,  &c.  The  wet  bulb  is  covered  with  muslin,  which  is  kept  moistened 
by  cotton  twisted  round  the  bulb  and  then  passing  into  the  water  vessel ; 
previous  to  use,  the  cotton  is  soaked  in  solution  of  carbonate  of  soda,  or 
boiled  in  ether  to  free  it  from  fat,  so  that  water  may  ascend  easily  in  it  by 
capillary  attraction  ;  the  muslin  and  cotton  should  be  reneAved  frequently, 
once  or  twice  a  month  if  possible ;  the  water  must  be  either  rain  or  distilled 
water,  and  the  supply  ought  to  be  more  ample  in  dry  hot  weather  than  in 
damp.  When  the  temperature  is  below  the  freezing-point,  the  passage  of 
water  along  the  cotton  is  arrested :  it  is  then  necessary  to  moisten  the  wet 
bulb  some  time  before  the  hour  of  observation  so  as  to  allow  the  moisture  to 
freeze.  The  dew-point,  the  loeight  of  a  cuUcfoot  of  vapour,  and  the  relative 
humiditij,  are  to  be  computed  from  Mr.  Glaisher's  tables.3 

1  It  may  be  well  to  raeutiou  the  relations  between  the  three  WJ'9nf\^^'^J''''°^^^^ 
Whilst  the  freezing-point  in  the  Fahrenheit  scale  is  at  32°  it  is  at  0°  in  both  the  Ceutigraae  (or 
Sns)  anfthTleCm^^  scales.    Water  boils  at  212"  on  the  Fahrenheit  scale  (barometer 
=29-905),  at  100°  on  the  Centigrade,  and  at  80°  of  R(Jaumur. 
Hence  the  formula  of  reduction  is  : — 

F-32  _  C  _ 

'  9^'  5   ~  4  ' 

from  which  the  corresponding  temperatures  oau  easily  be  {o™*^^-.  ^  pcychro- 

^  These  last  are  to  be  considered  as  one  instrument,  and  are  frequently  called  the  1  sjcnio 

meter  of  August,  or  (in  this  country)  of  Mason.  ^4.„+;„„ 
'  HycjroiZtrical  Tables,  6th  edition,  1877.    A  copy  is  now  sent  to  each  station. 
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Definition  of  these  terms. — The  dew-point  is  tlie  temperature  when  the  air 
is  just  saturated  with  moisture,  so  that  the  least  cooling  would  cause  a  deposit 
of  water.  The  quantity  of  vapour  which  can  he  taken  up  and  be  made  quite 
invisible  to  the  senses  varies  with  temperature,  and  is  called  the  loeight  of  a 
cubic  foot  of  vapour^  or,  less  accvirately,  the  weight  of  vapour  in  a  cubic  foot  of 
air,  at  the  particular  temperature. 

The  dew-point  may  be  obtained  directly  by  Danieil's  or  Regnault's  or  Dines' 
hygrometer^  which  enable  us  to  cool  and  note  the  temperature  of  a  bright 
surface  until  the  dew  is  deposited  on  it,  or  i7idirectly  by  means  of  the  dry 
and  wet  bulbs. 

Unless  the  air  is  saturated,  the  temperature  of  the  wet  bulb  {i.e.,  the 
temperature  of  evaporation)  is  always  above  the  dew-point,  but  is  below  the 
temperature  of  the  dry  bulla,  being  reduced  by  the  evaporation.  If  the  dry 
and  wet  bulbs  are  of  the  same  temperature,  the  air  is  saturated  with  moisture, 
and  the  temperature  noted  is  the  dew-point ;  if  they  are  not  of  the  same 
temperature,  the  dew-point  is  at  some  distance  below  the  wet  bulb  tempera- 
ture. ^ 

It  can  then  be  calculated  out  in  two  ways. 

(a)  By  Mr.  Glaisher's  factors. — By  comparison  of  the  result  of  Danieil's 
hygrometer  and  the  dry  and  wet  bulb  thermometers  for  a  long  term  of  years, 
Mr.  Glaisher  has  deduced  an  empii'ical  formula,  which  is  thus  worked.  Take 
the  difference  of  the  dry  and  wet  bulb,  and  multiply  it  by  the  factor  which 
stands  opposite  tlie  dry  bulb  temperature  in  the  following  table,  deduct 
the  product  from  the  dry  bidb  temperature,  the  result  is  the  dew-point. 
From  this  formula  Glaisher's  tables  are  calculated. 


Glaisher's  Factors. 


Reading 
of  Dry-bulb 
Therm. 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


Factor. 


878 

8-78 

8-78 

8-77 

8-76 

8-75 

8-70 

8-62 

8-50 

8-34 

8-14 

7-88 

7-60 

7-28 

6-92 

6-53 

6-08 

5  61 

5-12 

4-63 

4-15 

3-60 

3-32 


Reading 
of  Dry-bulb 
Therm. 

Factor. 

Reading 
of  Dry-bulb 
Therm. 

Factor. 

Reading 
of  Diy-bulb 
Therm. 

Factor. 

o 

33 

3-01 

O 

56 

1-94 

O 

79 

1-69 

34 

277 

57 

1-92 

80 

1-68 

35 

2-60 

58 

1  90 

81 

1-68 

36 

2-50 

59 

1-89 

82 

1-67 

37 

2-42 

60 

1-88 

83 

1-67 

38 

2-36 

61 

1-87 

84 

1-66 

39 

2-32 

62 

1-86 

85 

1-65 

40 

2-29 

63 

1-85 

86 

1-65 

41 

2-26 

64 

1-83 

87 

1-64 

42 

2-23 

65 

1-82 

88 

1-64 

43 

2-20 

66 

1-81 

89 

1-63 

44 

2-18 

67 

1-80 

90 

1-63 

45 

2-16 

68 

1-79 

91 

1-62 

46 

2-14 

69 

1-78 

92 

1-62 

47 

2-12 

70 

1-77 

93 

1-61 

48 

2-10 

71 

1-76 

94 

1-60 

49 

2-08 

72 

175 

95 

1-60 

50 

2-06 

73 

174 

96 

1-59 

51 

2-04 

74 

173 

97 

1-59 

52 

2  02 

75 

172 

98 

1-58 

53 

2-00 

76 

171 

99 

1-58 

54 

1-98 

77 

170 

100 

1-57 

55 

1-96 

78 

1-69 

J  Occasionally  the  wet  hiilb  may  read  higher  than  the  dry  as  in  thirk  fnt.  nv  rl„v;„^ 
calm,  cold  weather.  Tins  is  rare,  but,  sliould  it  be  met  with  then  the  ten^nS^-tm.?./  .? 
bulb  1.S  to  be  taken  and  considered  to  be  at  saturation  (Scott).'  tempeiatme  of  tlie  dr, 
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{h)  Apjohnh  Formula. — From  a  most  pMosojohical  and  exhaustive  analysis 
of  the  conditions  of  this  complicated  prohlem,  Dr.  Apjohn  has  derived  his 
celebrated  formula  which  is  now  in  general  use.  Eeduced  to  its  most  simple 
expression,  it  is  thus  worked: — A  table  of  the  elastic  tension  of  vapour,  in 
inches  of  mercury  at  diiferent  temperatures,  must  be  used.  From  this  table 
take  out  the  elastic  tension  of  the  temperature  of  the  toet  thermometer,  and 
call  it/'.  Let  {t-t')  be  the  difference  of  the  two  thermometers,  andp  the 
observed  height  of  the  barometer.  Apjohn's  formula  then  enables  us  to 
calculate  the  elastic  tension  of  the  dew-point,  which  we  will  call  /";  and  this 
being  known  by  looking  in  the  table,  we  obtain,  opposite  this  elastic  tension, 
the  dew-point  temperature. 

The  formula  is : 

/"=/'- 0-01147(^-0^'. 

The  fraction  ^~  ^  differs  but  little  from  unity,  and  may  be  neglected ; 
30 

the  formula  then  becomes,  for  the  temperature  above  32°  Fahr. : 

{t  - 1') 


f"  =/' 


87 


(t  - 1') 

If  below  32°  the  formula  is:  /"  =  /'  -  . 

The  deiv-point  being  known,  the  loeight  of  a  cubic  foot  of  vapour,  and 
the  amount  of  elastic  tension,  expressed  in  inches  of  mercury  (if  this  is  desired), 
are  taken  from  tables ;  the  relative  humidity  is  got  by  calculation. 

The  relative  humidity  is  merely  a  convenient  term  to  express  comparative 
dryness  or  moisture.  Complete  saturation  being  assumed  to  be  lUO,  any 
deiree  of  dryness  may  be  expressed  as  a  percentage  of  this,  and  is  obtained  at 
once  by  dividing  the  weight  of  vapom-  actually  existing  by  the  weight  ot 
vapour  which  would  have  been  present  had  the  air  been  saturated.  _ 

In  order  to  save  trouble,  all  these  points,  and  other  matters  of  interest, 
such  as  the  weight  of  a  cubic  foot  of  dry  air,  or  of  mixed  dry  and  mo^st  air 
are  given  in  Mr.  Glaisher's  Hygrometrical  Tables,  which  all  medical  officeis 

Tht'^mnlnt^of  ■  watery  vapour  can  also  be  told  by  a  hair  hygrometer.  A 
modification  of  Saussure's  hygrometer  is  still  used  m  France  and  also  m 
Eussia  and  Norway.  A  human  hair,  freed  from  fat  by  digestion  m  hquor 
Sassse  or  ^^^^  is^stretched  between  a  fixed  point  and  a  smaU  needle,  which 
trverses  a  scale  divided  into  100  parts.  As  the  hair  shortens  or  elongates 
the  needle  rvesTnd  ndicates  the  relative  humidity.^  The  scale  is  graduated 
by  wettingThe  hair  for  complete  saturation,  and  by  placing  it  over  sulphur  c 
acid  0  known  strength  for  fifteen  degrees  of  saturation.^  A  very  delicate 
in  trument  Is  thus  Obtained,  which  indicates  even  momentary  changes  n 
mo  ti"e  On  comparison  with  the  wet  and  dry  bidb,  xt  has  l^-n  found^^^^ 
S„dantresul\s  for  three  or  four  --^hs  ;  it  th^^^^^^^^^ 
anrl  renuircs  to  be  a  little  wound  up.  If  compared  with  tlie  cliy  ana  wei, 
Tu^b  t  e  ha  hygrometer  seems  to\e  exact  -ough  for  exp--nents  m 
ventilation  for  wMch  it  is  adapted  from  its  rapidity  of  indication.  It  has 
To  ten  r'ecommended  by  the  ^i.ma  congress  "2:^1^^ 
when  the  indications  of  the  psychrometer  are  eithei  unceitain^o^^nuieiy 

1  Hair  sliortens  when  dry  a^^d  elongates  when  moist  ,  jg. 

2  The  graduation  of  the  scale  is  explained  in  TJie  Aictic  Manmi,  p.  lo. 
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astray.i  The  horse-hair  hygrometer  of  Wolpert  is  also  much  used  in 
Germany. 

The  amount  of  watery  vapour  in  the  air  has  a  considerable  effect  on  the 
temperature  of  a  -place.  Hermann  von  Schlagintweit  ^  has  pointed  out 
that  the  differences  between  the  temperature  marked  in  the  sun  and  shade 
by  two  maximum  thermometers  are  chiefly  dejDendent  on  the  amount  of 
humidity.  The  maxima  of  insolation  (measured  by  the  difference  between 
the  sun  and  shade  thermometers)  occur  in  those  stations  and  on  those  days 
when  humidity  is  greatest.  Thus,  at  Calcutta,  the  relative  humidity  being  80 
to  93,  the  insolation  (or  difference  between  the  thermometers)  is  50°  Fahr. ; 
at  Eellari  the  relative  humidity  being  60  to  65,  the  insolation  is  8°  to  11°. 
These  results  are  explained  by  Tyndall's  observations,  which  show  that  the 
transparent  humidity  will  scarcely  affect  the  sun's  rays  striking  on  the  sun 
thermometer,  while  it  greatly  obstructs  the  radiation  of  invisible  heat  from 
the  thermometer ;  when  the  air  is  highly  charged  with  moisture,  the  sun 
thermometer  is  constantly  gaining  heat  from  the  sun's  rays,  while  it  loses 
little  by  radiation,  or  if  it  does  lose  by  radiation,  gains  it  again  from  the  air. 

When  watery  vapour  mixes  with  dry  air,  the  volume  of  the  latter  is 
augmented;  the  weight  of  a  cubic  foot  of  dry  air  at  60°  Fahr.  is  536-28 
grains,  and  that  of  a  cubic  foot  of  vapour  at  60°  is  5-77  grains ;  the  conjoint 
weights  would  be  542-05  grains  at  60°,  but,  owing  to  the  enlargement  of  the 
air,  the  actual  weight  of  a  cubic  foot  of  saturated  air  at  60°  is  only  532-84. 


SECTION  III. 
BAEOMETEK. 

A  good  mercurial  barometer  is  supplied  to  many  army  stations  ;  the  scale 
is  brass,  graduated  on  the  scale  to  20ths  or  half -tenths,  and  is  read  to  -j-^jj-ths 
by  means  of  a  vernier.  There  is  a  movable  bottom  to  the  cistern,  which  is 
worked  up  and  down  by  a  screw,  so  as  to  keep  the  mercury  in  the  cistern  at 
the  same  level.    Correction  for  capacity  is  thus  avoided. 

To  fix  the  Barometer. — Choose  a  place  with  a  good  light,  yet  protected 
from  direct  sunlight  and  rain  ;  fix  the  frame  sent  with  the  barometer  very 
carefully  with  a  plumb-line,  so  as  to  have  it  exactly  perpendicular ;  then  hang 
the  barometer  on  the  hook,  and  adjust  it  gently  by  means  of  the  three  screws 
at  the  bottom,  so  that  it  hangs  truly  in  the  centre.  Test  this  by  the  plumb- 
Ime  (a  4  oz.  weight  tied  to  a  string  wiU  do),  and  then  unscrew  the  bottom  of 
the  cistern  till  the  ivory  point  is  seen. 

Before  fixing  the  barometer  the  bottom  should  be  unscrewed  till  the 
mercury  is  two  or  three  inches  from  the  top  ;  the  barometer  should  be 
rather  suddenly  inclined,  so  as  to  let  the  mercury  strike  against  the  top ; 
if  there  is  no  air  it  will  do  this  with  a  sharp  click ;  if  there  be  air  there  is 
no  click ;  in  that  case  turn  the  barometer  upside  down,  and  tap  the  side 
forcibly  till  you  see  the  globule  of  air  passing  up  the  tube  through  the 
mercury  into  the  cistern.  Do  not  be  afraid  of  doing  this;  there  is  no 
danger  of  any  damage  to  the  instrument. 

Reading  of  Barometer. — Eead  the  attached  thermometer  first ;  then  adjust 
the  cistern,  so  that  the  ivory  point,  perceptible  through  the  glass  wall  of  the 
cistern,  seems  just  to  touch  the  point  of  the  image  in  the  mercury.  Then 
adjust  the  vernier,  so  as  to  cut  off  the  light  from  the  top  of  the  mercurv 
ihen  read  the  scale  with  the  help  of  the  vernier. 

^  See  Scott's  Instructions,  p.  47. 

2  Proceedings  of  the  Royal  Society,  vol.  xiv.  p.  Ill,  1865. 
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A  little  difficulty  is  sometimes  oxperiencetl,  by  those  who  are  not  accus- 
tomed to  such  instruments,  in  understanding  the  vernier.    It  will  h>', 
probably,  comprehended  from  a  little  description,  read  witli  the  instrument 
before  us.    On  the  scale  of  the  barometer  itself,  it  will  be  seen^ that  the 
smallest  divisions  correspond  to  half-tenths  ;  that  is,  to  y^ths  of  an  inch 
( -  -05).    The  height  of  the  mercury  can  be  read  thus  far  on  the  scale  itself. 
The  vernier  is  intended  to  enable  us  to  read  the  amount  of  space  the  top  of 
the  mercury  is  above  or  below  one  of  these  half-tenth  lines.    It  wiU  be 
observed  that  the  vernier  is  divided  into  twenty-live  lines ;  but  on  adjusting 
it,  so  that  its  lower  line  corresponds  with  aline  indicating  an  inch,  it  will  be 
seen  that  its  twenty-five  divisions  only  equal  twenty-four  half-tenth  divisions 
on  the  scale.    The  result  is,  that  each  division  on  the  vernier  is  ^^th  less 
than  a  half-tenth  division  On  the  scale.    One  ^Vth  of  a  half-tenth  is  yu-uo"^-^^^ 
of  an  inch  (-05    25  =  -002  inch).    This  being  understood,  adjust  the  vernier 
so  that  its  lowest  line  accurately  corresponds  to  any  line  on  the  scale.  It 
will  then  be  seen  that  its  lowest  line  but  one  is  a  little  distance  below  (in 
fact,  -002  inch)  the  next  line  on  the  fixed  scale.    Raise  now  the  vernier,  so 
that  its  second  line  shall  correspond  to  the  line  on  the  scale  to  which  it  was 
a  little  below  ;  and  of  course  the  bottom  of  the  vernier  must  be  raised  -002 
inch  above  the  line  it  first  corresponded  with.    If  the  next  line,  the  third 
on  the  vernier,  be  made  to  correspond  with  the  line  on  the  scale  just  above 
it,  the  bottom  of  the  scale  must  be  raised  double  this  (-004  inch)  above  the 
line  it  was  first  level  with  ;  if  the  next  line  on  the  vernier  be  made  to 
correspond  with  a  line  on  the  scale,  the  scale  is  raised  -006,  and  so  on. 
Each  division  on  the  vernier  equals  -002  inch,  and  each  five  divisions  equals 

T-L-th,  or  -01  inch.  ^  ^   .r.  i.  e 

The  barometer  is  read  thus.  The  vernier  being  adjusted  to  the  top  of  the 
mercury,  read  on  the  scale  to  the  half-tenth ;  then  look  above,  and  see  what 
line  on  the  vernier  corresponds  exactly  to  a  line  on  the  scale.  Then  read  the 
number  on  the  vernier,  counting  from  the  bottom;  multiply  by  -002,  and 
the  result  is  the  number  of  thousaadths  of  an  inch  the  top  of  the  mercury  is 
above  the  half-tenth  line  next  below  it.i  Add  this  number  to  that  already 
got  by  direct  reading  of  the  fixed  scale,  and  the  result  is  the  height  of  the 
mercurv  in  inches  and  decimals  of  an  inch. 

Cormdions  for  the  Barometer. -Th^  barometer  supplied  to  military  stations 
requires  no  corrections  for  capacity.    There  are  two  constant  corrections  for 
aU  barometers,  viz.,  capillarity  and  index  error.    The  first  depend^^ 
size  of  the  bore,  and  whether  the  mercury  has  been  boiled  m  the  tube  or  not 
Index  error  is  determined  by  comparison  with  a  standard  barometer.  The 
index  and  capillarity  errors  ai^e  put  together..    The  ^^^^XTl^toZ 
additive-  the  index  error  maybe  subtractive  or  additive  but  the  t^^o  to 
Iher  fo^m  a  constant  quantity,  and  the  certificates  furnished  by  the  Kew 
^tZ'ZyUo.  all  barometers  verified  there,  include  both  corrections  above 

"^^forZLns  for  Temperature.-Th^  barometer  readings  are,  to  facilitate 
coSa  son  a^^  reduced  to  what  they  would  have  been  were  both  sea 
and  r^elcu^  at  32"  F.  If  the  temperature  of  the  mercury  be  above  this,  the 
metafexS  and  reads  higher  tliLi  it  would  do  at  32^  The  —  ^^^^ 
expansion  of  mercury  is  -0001001  of  its  bulk  for  each  degree  ,  but  the  Imeai 
expansion  of  the  brass  scale  must  be  also  considered.  

1  Instead  of  nuiltiplyin^^^^^^j^;^^ 
calculation  to  be  made  at  once.    On  the  vermer  Xcatfn-  qI  -02,  -03,  "04,  or  -05 

responding  to  the  5th,  10th,  15th,  20th,  and  25th       ,  .a"d  m  '^^^      "i.  ' 
inch.    Each  line  between  these  numbered  lines  equals  mcu. 


COKllECTION  OF  BAROMETER  FOR  ALTITUDE. 


445 


Schumacher's  formula  is  used  for  the  correction— viz., 
h  =  observed  height  of  barometer  in  inches. 
t  =  temperature  of  attached  thermometer  (Fahr.). 
m  =  exjDansion  of  mercury  per  degree — viz.,  -0001001  of  its  length  at  32". 
6'  =  linear  expansion  of  scale — viz.,  -00001041  j  normal  temperature 
being  62°. 

m  (i?-32°)-g(^-62°) 
l  +  m{t-2>r) 


-h 


To  facilitate  the  correction  for  temperature,  tables  are  given  in  Mr.  E.  H. 
Scott's  Instructions  in  the  Use  of  Meteorological  Instruments,  which  is 
distributed  to  medical  officers. 

Correction  for  Altitude  above  Sea-Level. — As  the  mercury  falls  about  yoVo 
(-001  inch)i  for  every  foot  of  ascent,  this  amount  multiplied  by  the  number 
of  feet  must  be  added  to  the  height,  if  the  place  be  above  sea-level.  ^  The 
temperature  of  the  air  has,  however,  also  to  be  taken  into  account  if  great 
accuracy  is  required.  Tables  for  correcting  for  small  altitudes  are  given  in 
Scott's  Instructions. 

"When  all  these  corrections  have  been  made,  the  exact  height  of  the 
mercury  represents  the  conjoint  weights  of  rhe  oxygen,  nitrogen,  carbon 
dioxide,  and  watery  vapour  of  the  atmosphere.  It  is  difficult  to  separate  these 
several  weights,  and  late  observations,  which  show  that  the  humidity  existing 
at  any  -place  is  merely  local,  and  that  vapour  is  most  unequally  diffused 
through  the  air,  render  it  quite  uncertain  what  amount  of  the  mercury 
is  supported  by  the  watery  vapour.  Yet  that  this  has  a  considerable  effect 
in  altering  the  barometric  height,  particularly  in  the  tropics,  seems  certain 
(Herschel). 

The  height  of  the  barometer  at  sea-level  differs  at  different  parts  of  the 
earth's  surface ;  being  less  at  the  equator  (29-974)  than  on  either  side  of  30° 
N.  and  S.  lat.,  and  lessening  again  towards  the  poles,  especially  towards  the 
south,  from  63°  to  74°  S.  lat.,  where  the  depression  is  upwards  of  an  inch. 
It  also  differs  in  different  places  according  to  their  geographical  position. 
Like  the  thermometer,  it  is  subjected  to  diurnal  and  annual  periodic  changes 
and  to  non-periodic  undulations. 

In  the  tropics  the  'diurnal  changes  are  very  steady  ;  there  are  two  maxima 
and  two  minima;  the  first  maximum  is  about  9  a.m.  ;  the  first  minimum 
about  3  to  4  p.m.  ;  the  second  maximum  at  10  p.m.  ;  the  second  minimum 
at  4  A.M.  These  changes  are,  perhaps,  chiefly  dependent  on  the  watery  vapour 
(Herschel).  In  this  country  the  diurnal  range  is  less,  but  occurs  at  about 
the  same  hours.  The  undulations  depend  on  the  constantly  shifting  currents 
of  air,  rendering  the  total  amount  of  air  over  a  place  heavier  or  lighter.  The 
wind  tends  to  pass  towards  the  locality  of  least  barometric  pressure.  In  this 
country  the  barometer  falls  with  the  south-west  winds  ;  rises  with  the  north 
and  east ;  the  former  are  moist  and  warm,  the  latter  dry  and  cold  winds. 

Isobarometric  lines  are  lines  connecting  places  with  the  same  barometric 
pressure. 

Measurement  of  Heights. — The  barometer  falls  when  lieights  are  ascended 
as  a  certain  weight  of  air  is  left  below  it.  The  diminution  is  not  uniform' 
for  the  higher  the  ascent  the  less  weighty  the  air,  and  a  greater  and  Greater 


\.  ^.i^ool^^^^  amount  is  a  little  below  thi.s,  but  varies  with  altitude ;  at  sea-level  the  amount 
IS  uuu8»b  lor  every  foot  of  ascent.  i"i"iu 

Surv?/a??heii*dlSI?''      """"^  ^^""'^^^^^      ^^""'"P^^^  s^^^^ted     the  Ordnance 


446 


DESCRIPTION  OF  METEOROLOGICAL  INSTRUMENTS. 


height  must  be  ascended  to  depress  the  barometer  one  inch.  This  is 
ilhistrated  by  the  following  table  :^ — 

To  lower  from  31  inches  to  30  =  857  feet  must  be  ascended. 
30       „      29=  88G 
29       „      28=  918 
28       „      27=  951 
27       „      26=  986 
-^^^    .   :    ,      „       26       „      25  =  1025 
„       25       „      24  =  1068 
I      „       24       „      23  =  1113 
■  >        „       23       „      22  =  1161 
22       „      21  =  1216 
21       „      20  =  1276 
20       „      19  =  1341 
19       „      18  =  1413 
The  measurements  of  heights  in  this  M-ay  is  of  great  use  to  medical  officers  ; 
aneroid  barometers  can  be  used,  and  are  very  delicate  instruments.    The  new 
pocket  aneroids  will  measure  up  to  12,000  or  14,000  feet. 

A  great  number  of  methods  are  in  use  for  calculating  heights.  It  can 
be  done  readily  by  logarithms,  but  then  a  medical  officer  may  not  possess  a 

table  of  logarithms.  -r-n-  9t. 

The  simplest  rule  of  all  is  one  derived  from  Laplace  s  formula.  Mr  JLllis^  has 
stated  this  formula  as  follows  :— Multiply  the  difference  of  the  barometric 
readiness  by  52,400,  and  divide  by  the  sum  of  the  barometric  readings.  If 
the  result  be  1000,  2000,  3000,  4000,  or  5000,  add  0,  0,  2,  6,  14,  respec- 
tively. Subtract  21  times  the  difference  of  the  temperatures  of  the  mercury. 
Multiply  the  remainder  by  a  number  obtained  by  adding  836  to  the  sum  of 
the  temperatures  of  the  air,  and  dividing  by  900.  A  correction  must  also  be 
made  for  latitude,  which  can  be  done  by  Table  III.  p.  448.  _ 

Tables  such  as  those  given  by  Delcros  and  Oltmanns  are  very  convenient 
for  estimating  heights  by  the  barometer.  A  table  less  long  than  these  but 
based  on  the  same  principle,  has  been  given  by  Negretti  and  Zambra  m  their 
useful  work,3  and  is  copied  here. 

A  ^ood.  mercurial  barometer,  with  an  attached  thermometer,  or  an  aneroid 
comnensated  for  temperature,  and  a  thermometer  to  ascertain  the  temperature 
of  the  air,  are  required.  Two  barometers  and  two  thermometers,  which  can 
be  observed  at  the  same  moment  at  the  upper  and  lower  stations,  are  desu^able. 

Supposing,  however,  there  is  but  one  barometer  take  the  height  at  the 
lo  ver  station  and  correct  for  temperature  to  32^  Take  the  tempemture  of 
thiair.  Ascend  as  rapidly  as  possible  to  the  upper  station,  and  take  the 
heic^ht  of  the  barometer  (correcting  it  to  32°)  and  the  temperature  of  the 
air  then  use  the  accompanying  tables,  taken  from  Negretti  and  Zambra  s 
work.    If  the  height  is  less  than  300  feet,  Tables  II.,  IIL,  and  IV.  need  not 

^'-Table  I  is  calculated  from  the  formula,  height  in  feet=  60,200  (log 
29-922-log.      + 925;  where  29-922  is  the  mean  atmospheric  pressure  at 

1.  J  1       „o,i;i,r  fvnm  tliis  table  by  calculating  the  number  of  feet  which 
1  The  height  can  be  taken  readily  J  om  thiy^^^^^^  correction  for  tempera- 

\  ^  ^     900  / 

s  Proceedings  of  the  Roijal  Society,  1865,  No  75,  p.  283-  „  ,  -.gg^ 
3  A  Treatise  on  Meteorological  Instruments,  by  Negretti  and  Zambra,  1804. 
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32°  Fahr.,  and  at  the  mean  sea-level  in  latitude  45° ;  and  B  is  any  other 
barometric  pressure  ;  the  925  being  added  to  avoid  minus  signs  in  the  table. 

Table  I. — Approximate  Height  due  to  Barometric  Pressure. 


Inches  of 
Barometer. 


31-0 
30-9 
•8 
•7 
•6 
•5 
•4 
•3 
•2 
•1 
30-0 
29-9 
•8 
•7 
•6 
•5 
•4 
•3 
•2 
•1 
29-0 
28-9 
•8 
•7 
•6 
•5 
•4 

.o 

O 

•2 
•1 
28-0 
27-9 
•8 
•7 
•6 
•5 
27-4 


Feet. 


0 
84 
169 
254 
339 
425 
511 
597 
683 
770 
857 
944 
1,032 
1,120 
1,208 
1,296 
1,385 
1,474 
1,563 
1,653 
1,743 
1,833 
1,924 
2,015 
2,016 
2,198 
2,290 
2,382 
2,475 
2,568 
2,661 
2,754 
2,848 
2,942 
3,037 
3,132 
3,227 


Inches  of 
Barometer. 


Feet. 


27-3 
•2 
•1 
27-0 
26-9 
•8 
•7 
•6 
•5 
•4 
•3 
•2 
•1 
26-0 
25-9 
•8 
•7 
•6 
•5 
•4 
•3 
•2 
•1 
25-0 
24-9 
■8 
•7 
•6 
•5 
•4 
•3 
•2 
•1 
24-0 
23-9 
■8 
23-7 


3,323 

3,419 

3,515 

3,612 

3,709 

3,806 

3,904 

4,002 

4,100 

4,199 

4,298 

4,398 

4,498 

4.588 

4,699 

4,800 

4,902 

5,004 

5,106 

5,209 

5,312 

5,415 

5,519 

5,623 

5,728 

5,833 

5,939 

6,045 

6,152 

6,259 

6,366 

6,474 

6,582 

9,691 

6,800 

6,910 

7,020 


Inches  of 
Barometer. 


23-6 

•5 

•4 

•3 

•2 

•1 

23-0 

22-9 

•8 

•7 

•6 

•5 

•4 

•3 

•2 

•1 

22-0 

21-9 

•8 

•7 

•6 

•5 

•4 

•3 

•2 

•1 

21'0 

20-9 

•8 

•7 

•6 

•5 

•4 

•3 
.o 

■1 

20-0 


Feet. 


7,131 
7,242 
7,353 
7,465 
7,577 
7,690 
7,803 
7,917 
8,032 
8,147 
8,262 
8,378 
8,495 
8,612 
8,729 
8,847 
9,966 
9,085 
9,205 
9,325 
9,446 
9,567 
9,689 
9,811 
9,934 
10,058 
10,182 
10,307 
10,432 
10,558 
10,684 
10,812 
10,940 
11,069 
11,198 
11,328 
11,458 


"  Table  II.  contains  the  correction  necessary  for  the  mean  temperature  of 
the  stratum  of  air  between  the  stations  of  observation;  and  is  computed  from 
Regnault's  coefficient  for  the  expansion  of  air,  which  is  -002036  of  its  volume 
at  32°  for  each  degree  above  that  temperature. 

"  Table  III.  is  the  correction  due  to  the  difference  of  gravitation  in  any 
other  latitude,  and  is  found  from  the  formula,  x^l+  -00265  cos.  2  lat. 

"  Table  IV.  is  to  correct  for  the  diminution  of  gravity  in  ascendino-  from 
the  sea-level. 

"  To  use  these  tables :  The  barometer  readings  at  the  upper  and  lower 
stations  having  been  corrected  and  reduced  to  temperature  32°  Fahr.,  take 
out  from  Table  I.  the  numbers  opposite  the  corrected  readings  of  the  two 
barometers,  and  subtract  the  lower  from  the  upper.  Multiply  this  difference 
successively  by  the  factors  found  in  Tables  II.  and  III.  The  factor  from 
iabie  III.  may  be  neglected  unless  great  precision  is  desired.  Finallv  arlrl 
the  correction  taken  from  Table  IV."    (Negretti  and  Zambra.) 

in  the  table  the  barometer  is  only  read  to  lOths,  but  it  should  be  read  to 
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lOOths  (-01)  and  lOOOths  (-001),  and  tlie  number  of  feet  corresponding  to 
these  amounts  calculated  from  the  table,  which  is  easy  enough. 


Table  11— Correction  clue  to  Mean  Temperatitres  of  the  Air ;  the  Tempera- 
ture of  the  Up2yer  and  Loioer  Stations  leimj  added  and  divided  by  2. 


Factor. 

Mean  Temp. 

Factoi'. 

Mean  Temp. 

Factor. 

10° 

0-955 

35° 

1-006 

60° 

1-057 

11 

•957 

36 

1-008 

61 

1-059 

12 

-959 

37 

1-010 

62 

1-061 

13 

•961 

38 

1-012 

63 

1-063 

14 

-963 

39 

1-014 

64 

1-065 

15 

•965 

40 

1-016 

65 

1-067 

16 

-967 

41 

1-018 

66 

1-069 

17 

•969 

42 

1-020 

67 

1-071 

18 

-971 

43 

1-022 

68 

1-073 

19 

-974 

44 

1-0-24 

69 

1-075 

20 

-976 

45 

1-026 

70 

1-077 

21 

•978 

46 

1-029 

71 

1-079 

Lit 

47 

1-031 

72 

1-081 

23 

-982 

48 

1-033 

73 

1-083 

24 

-984 

49 

1-035 

74 

1-086 

25 

•986 

50 

1-037 

75 

1-088 

26 

•988 

51 

1-039 

76 

1-090 

27 

-990 

52 

1-041 

77 

1-092 

28 

•992 

53 

1-043 

78 

1-094 

29 

-994 

i  54 

1-045 

79 

1-096 

30 

•996 

1  55 

1-047 

80 

1-098 

31 

0-998 

56 

1-049 

81 

1-100 

32 

1-000 

.57 

1-051 

82 

1-102 

33 

1-002 

58 

1-053 

83 

1-104 

1 

1-004 

i 

59 

1-055 

84 

1-106 

Table  \\l,—Goirec,tion  due  to  Difference  of  Gravitation  in  different 

Latitudes. 


Latitude. 

Factor. 

Latitude. 

1 

Factor. 

Latitude. 

Factor. 

80° 
75 

70 
65 
60 
55 

0-99751 
0-99770 
0-99797 
0-99830 
0-99868 
0-99910 

50° 

45 

40 

35 

30 

25 

0-  99954 

1-  00000 
1-00046 
1-00090 
1-00132 
1-00170 

20° 
15 
10 
5 
0 

1-00203 
1-00230 
1-00249 
1-00261 
1  -00265 

Table  IV. 


Height  in 
Thousand  Feet. 

Correction 
Additive. 

1 

3 

2 

5 

3 

8 

4 

11 

5 

14 

6 

17 

7 

20 

8 

23 

Heiglit  in 
Thousand  Feet. 


CoiTcction 
Additive. 


9 
10 
11 
12 
13 
14 
15 


26 
30 
33 
37 
41 
44 
48 
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Example. — At  two  stations  the  barometer  read  resiiectively  29-9  and  21 '2,  the  tempera- 


tures of  the  air  being  60°  and  40°. 

Barometer  at  upper  station,       .       .    21-2,  Table  I.       .  9,934 
lower     „  .       .    29-9,      „  .  944 


Approximate  mean  height,         ......       8, 990 

Mean  temperature  50°,  Table  II.,  Factor    ....  1-037 


Height  corrected  for  temperature,  9.323 

Latitude  (say)  30°,  Table  III.,  Factor  1-00132 


Height  corrected  for  latitude,  9,335 

Correction  from  Table  IV.  ......  26 


Height  corrected  for  direct  altitude,  .....  9,361 
Height  of  lower  station  above  sea-level  (say)       .       .       .  150 


Final  corrected  height  of  upper  station  above  sea-level,       .  9,511 


A  very  simple  rule  for  approximative  determinations  has  been  given  by  Mr 
K.  Strahan.1  Eead  the  aneroid  to  the  nearest  hundredth  of  an  inch  :  subtract 
the  upper  reading  from  the  lower,  leaving  out  or  neglecting  the  decimal 
point :  multiply  the  difference  by  9  :  the  product  is  the  elevation  in  feet. 


Example.  inches. 

Lower  station,  30  "25 

Upper     „  29-02 


123 
9 

Elevation,        .       .       .  1170  feet. 


If  the  barometer  at  the  upper  station  is  below  26  inches,  or  the  temperature 
above  70°,  the  multiplier  should  be  10. 

Weight  of  the  Air. — The  barometer  expresses  the  weight  of  the  air  in 
inches  of  mercury.  The  actual  weight  can  be  determined  if  the  reading  of 
the  barometer,  temperature,  and  humidity  are  all  known. 

The  weight  of  a  cubic  foot  of  dry  air,  at  32°  Fahr.  and  normal  pressure,  is 
566-85  grains.  Eor  any  other  temperature  the  weight  can  be  calculated. 
Multiply  the  coefficient  of  the  expansion  of  air  (viz.,  -0020361  for  1°  Fahr.) 
by  the  number  of  degrees  above  32,  the  sum  added  to  unity  will  give  the 
volume  of  a  cubic  foot  of  dry  air  at  that  temperature.  Divide  566-85  by  the 
number  so  obtained.  The  result  is  the  weight  of  the  dry  air  at  the  given 
temperature. 

SECTION  IV. 
EAIN. 

Rain  is  estimated  in  inches ;  that  is,  the  fall  of  an  inch  of  rain  implies 
that  on  any  given  area,  say  a  square  yard  of  surface,  rain  has  fallen  equal  to 
one  inch  in  depth.  The  amount  of  rain  is  determined  by  a  rain-gauge.  Two 
gauges  are  supplied  for  military  stations ;  one  to  bo  placed  on  the  ground 
one  20  feet  above  it ;  in  all  parts  of  the  world  the  latter  indicates  less  rain 
than  the  lower  placed  gauge ;  this  is  due  to  wind.^ 

Several  kinds  of  gauges  are  in  use.  The  one  used  by  the  Army  Medical  De- 
partment is  a  cylindrical  tin  box  with  a  rim  or  groove  at  the  top;  a  circular  top 

1  Pocket  AUitiule  Tuhlca,  by  G.  J.  Symons,  F.R.S.,  3rd  ed.  1880  p  5 

-  See  BrUish  Raivfall  (G.  J.  Symons,  F.R.S.),  1872,  p.  33,  and  1881,  p  41 

2f 
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with  a  funnel  inside  fits  on  to  this  groove,  which,  when  filled  with  water, 
forms  a  water  valve.  The  opening  above  is  circular  (the  circle  being  made 
very  carefully,  and  a  rim  being  carried  round  it  to  prevent  the  rain-drops  from 
being  whirled  by  wind  out  of  the  mouth),  and  descends  funnel-shaped,  the 
small  end  of  the  funnel  being  turned  up  to  prevent  evaporation.  But  leaves, 
dust,  or  insects  sometimes  choke  this  tube,  so  that  it  is  now  generally 
straightened,  the  loss  by  evaporation  being  insignificant,  compared  with 
that  caused  by  obstruction.  The  best  size  for  the  open  top,  or,  in  other 
words,  the  area  of  the  receiving  surface,  is  from  50  to  100  square  inches. 
The  lower  part  of  the  box  is  sunk  in  the  ground  nearly  to  the  groove  ;  the 
upper  part  is  then  put  on,  and  a  glass  vessel  is  placed  below  the  funnel  to 
receive  the  water.i  stated  times  (usually  at  9  a.m.  daily)  the  top  is 
taken  off",  the  glass  vessel  taken  out,  and  the  water  measured  in  a  glass 
vessel,  graduated  to  hundredths  of  an  inch,  which  is  sent  with  the  gauge, ^ 

If  snow  falls  instead  of  rain,  it  must  be  melted  and  the  resulting  water 
measured.  This  may  be  easily  done  by  adding  a  measured  quantity  of  warm 
water,  and  then  subtracting  the  amount  from  the  total  bulk  of  water. 

From  a  table  of  the  weight  of  vapour  it  will  be  seen  that  the  amoimt  of 
vapour  which  can  be  rendered  insensible,  increases  with  the  temperature, 
but  not  regularly ;  more,  comparatively,  is  taken  up  by  the  high  tempera- 
tures j  thus,  at  40°,  2-86  grains  are  supported  ;  at  50°,  4-10  grains,  or  1-24 
grains  more  ;  at  60°,  5-77  grains,  or  1-67  grains  .more  than  at  50°,  There- 
fore, if  two  currents  of  air  of  unequal  temperatures,  but  equally  saturated 
with  moisture,  meet  in  equal  volume,  the  temperature  will  be  the  mean  of  the 
two,  but  the  amount  of  vapour  which  will  be  kept  invisible  is  less  than  the 
mean,  and  some  vapour  therefore  necessarily  falls  as  fog  or  rain.  Thus  one 
saturated  current  being  at  40°,  and  the  other  at  60°,  the  resultant  temperature 
will  be  50°,  but  the  amount  of  invisible  vapour  will  not  be  the  mean,  viz., 
4-315,  but  4-1 ;  an  amount  equal  to  -215  will  therefore  be  deposited. 

Eain  is  therefore  owing  to  the  cooling  of  a  saturated  air,  and  rain  is  heaviest 
under  the  following  conditions, — when,  the  temperature  being  high,  and  the 
amount  of  vapour  large,  the  hot  and  moist  air  soon  encounters  a  cold  air. 
These  conditions  are  chiefly  met  with  in  the  tropics,  when  the  hot  air,  saturated 
with  vapour,  impinges  on  a  chain  of  lofty  hills  over  which  the  air  is  cold. 
The  fall  may  be  130  to  160  inches,  as  on  the  Malabar  coast  of  India,  or  180 
to  220  in  Southern  Burmah,  or  600  at  Cherrapoonjee,  in  theKhasyah  Hills. 


1  A  glass  vessel  should  not  be  used  in  winter,  for  fear  of  breakage  in  frost.  _ 

2  If  this  glass  is  broken  it  can  be  replaced  by  tlie  following  rule,  or  a  rani-gauge  can  be 
made.  It  nied  not  be  round,  though  this  is  now  thought  the  best  form,  but  may  be  a  square 
box  of  metal  or  wood,  and  may  be  of  any  size  between  3  and  24  mches  m  diameter,  but  5  to  8 

"DeLSLT'^S^^^^^^  inches,  of  the  receiving  sm-face,  or  top  of  the  gauge  by  cai-eful 
nieasuiiment  This  area,  if  covered  with  water  to  the  height  of  one  inch,  would  give  us  a 
corresiondhig  amount  of  cubic  inches.  This  number  of  cubic  inches  is  the  measure  for  that 
Suge  of  one  inch,  because  when  the  rain  equals  that  quantity  it  shows  that  one  mch  of  rain 

''ifu^.ZuS'^r:!^^^^^^  surface  is  100  square  inches.    Take  100  cubic  inches  of 

wato  aiid  mit  ^  nto  a  glass,  put  a  mark  at  the  height  of  the  Huid,  and  div  de  the  glass J^dow 
it  bitoToO  eaual  parts  If  the  rainfall  comes  up  to  the  mark,  one  inch  of  rain  has  fdlen  on 
each  square  S  Krface ;  if  it  only  comes  ivp'to  a  mark  below,  some  amoimt  less  than  an 
inch  (which  is  so  expressed  in  I'oths  and  iJnths)  has  taUeu.  a  ,.nW,^ 

To  -et  the  re^^^^^^      number  of  cubic  inches  of  water  we  can  weigh  or  measure    A  cubiL 
inc\^ltiler  atT2°  w^^^^^    252-458  gi-ains  consequently  100  ^^^l^-l^- ^^^^^^^^^^ 
=25245-8  grains,  or  57-7  oun^^^^^^^^^^ 

xrrTorer;c^;.\^iS^^^  -1- 

use  a  gauge  made  by  a  regular  maker,  if  possible  as  "if  ^/"^'-^^^f/  ^f^^^f.f 

Usually  a  one-inch  mfasure  is  so  large  a  glass,  that  half  an  inch  is  considered  n.oie 

convenient. 
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Even  in  our  own  country  the  hot  air  from  the  Gulf  Stream  impinging  on  the 
Cumberland  Hills  causes,  in  some  districts,  a  fall  of  80,  100,  200,  and  even 
more  inches  in  the  year. 

The  rainfall  in  different  jDlaces  is  remarkably  irregular  from  year  to  year ; 
thus  at  Bombay  the  mean  being  76,  in  1822  no  less  than  112  inches,  while 
in  1824  only  34  inches  fell. 

The  amount  of  rain  at  the  different  foreign  stations  is  given  under  the 
respective  headings. 

SECTION  V. 


EVAPORATION. 

The  amount  of  evaporation  from  a  given  moist  surface  is  a  problem  of  great 
interest,  but  it  is  not  easy  to  determine  it  experimentally,  and  no  instrument 
is  issued  by  the  Army  Medical  Department.  A  shallow  vessel  of  known 
area,  protected  round  the  rim  by  wire  to  prevent  birds  from  drinking,  is  filled 
Avith  a  known  quantity  of  water,  and  then,  weekly  or  monthly,  the  diminution 
of  the  water  is  determined,  the  amount  added  by  rain  as  shown  by  the  rain- 
gauge  being  of  course  allowed  for. 

Water  has  been  placed  under  a  cover,  which  may  protect  it  from  rain  and 
dew,  and  yet  permit  evaporation,  and  the  loss  weighed  daily;  but  it  is 
impossible  to  insure  that  the  evaporation  shall  be  equal  to  that  under  the 
free  heavens. 

A  third  plan  is  calculating  the  rate  of  evaporation  from  the  depression  of 
the  wet  bulb  thermometer,  by  deducting  the  elastic  force  of  vapour  at  the 
dew-point  temperature  from  the  elastic  force  at  the  air  temperature,  and  taking 
the  difference  as  expressing  the  evaporation.  This  difference  expresses  the 
force  of  escape  of  vapour  from  the  moist  surface. 

Instruments  termed  Atmometers  have  been  used  for  this  purpose ;  the  first 
Avas  invented  by  Leslie.  A  ball  of  porous  earthenware  was  fixed  to  a  glass 
tube,  with  divisions,  each  corresponding  to  an  amount  of  water  which  would 
cover  the  surface  of  the  ball  with  a  film  equal  to  the  thickness  of  jA^th  part 
of  an  inch.  The  evaporation  from  the  surface  of  the  ball  was  then  read  off. 
Dr.  Babiiigton  has  also  invented  an  ingenious  Atmidometer.^ 

The  amount  of  evaporation  is  influenced  by  temperature,  wind,  humidity 
ot  the  air,  rarefaction  of  the  air,  degree  of  exposure  or  shading,  and  by  the 
nature  of  the  moist  surface;  it  is  greater  from  moist  soil  than  from  water. 

Ihe  amount  of  vapour  annually  rising  from  each  square  inch  of  water  sur- 
face.in  this  country  has  been  estimated  at  from  20  to  24  inches  -  in  the 
tropical  se^_s  it  has  been  estimated  at  from  80  to  130,  or  even  more  inches 
in  the  Indian  Ocean  it  has  been  estimated  at  as  much  as  an  inch  in  twenty- 
tour  hours  or  365  in  the  year,  an  almost  incredible  amount,  doubt 
nowever,  the  quantity  is  very  great.  ' 

It  requires  an  effort  of  imagination  to  realise  the  immense  distillation  which 
goes  on  from  the  tropical  seas.    Take  merely  60  inches  as  tlie  annual  distilla- 

the  w.llf'f         I"'       ^^'^'^'^  °^  '"^^^         P^'°««^^^  ^0  calculate 

ine  weight  of  the  water  rising  annually  from  such  a  small  space  as  the  Bav 

of  Bengal.    The  amount  is  almost  incredible.  ^ 
rhis  distillation  of  water  serves  many  great  purposes  ;  mixing  with  the  air 
l\  LTl  'P''^^'  gravity  is  very  low  (-6230,  air  beincr 

1 }.  and  It  causes  an  enlargement  of  the  volume  of  air  :  the  moist  i\v  U 
therefore^h  lighter,  and  ascends  with  great  rapidity  ;  the  distXLn  also 

1  See  Ncgretti  and  Zanibra's  Treatise,  p.  141,  for  details. 
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causes  an  immense  transference  of  heat  from  the  tropics,  where  the  evapora- 
tion renders  latent  a  great  amount  of  heat,  to  the  extra-tropical  region  where 
this  vapour  falls  as  rain,  and  consequently  parts  with  its  latent  heat.  The 
evaporation  also  has  been  supposed  to  be  a  great  cause  of  the  ocean  currents 
(Maury),  which  play  so  important  a  part  in  the  distribution  of  winds, 
moisture,  and  warmth. 

SECTION  VI. 


WIND. 


Direction. — For  determining  the  direction  of  the  wind  a  vane  is  necessary. 
It  should  be  placed  in  such  a  position  as  to  be  able  to  feel  the  influence  of 
the  wind  on  all  sides,  and  not  be  subjected  to  eddies  by  the  vicinity  of  build- 
ino-s,  trees,  or  hills.  The  points  must  be  fixed  by  the  compass  the  magnetic 
declination  being  taken  into  account ;  the  declination  of  the  place  must  be 
obtained  from  the  nearest  Observatory  ;  in  this  country  it  is  now  about  21° 
(or  two  points)  to  the  westward  of  true  north.2  xhe  direction  of  the  wind 
is  registered  twice  daily  in  the  army  returns,  but  any  unusual  shifting  should 
receive  a  special  note.  The  course  of  the  wind  is  not  always  parallel  with 
the  earth  :  it  sometimes  blows  slightly  downwards  ;  contrivances  have  been 
employed  to  measure  this,  but  the  matter  does  not  seem  important. 

Yarious  plans  are  resorted  to  for  giving  a  complete  summary  of  the  winds, 
but  this  is  not  required  from  the  medical  officer. 

Velocity.— K  small  Eobinson's  anemometer  is  now  supphedto  each  station; 
it  is  read  every  twenty-four  hours,  and  marks  the  horizontal  movement  in  the 

preceding  twenty-four  hours.  „  r>  ,    •     ^  i  t 

This  anemometer  consists  of  four  small  cups,^  fixed  on  horizontal  axes  ot 
such  a  length  (M2  feet  between  two  cups),  that  the  centre  of  a  cup,  m  one 
revolution,  passes  over  of  a  mile  the  circumference  being  3-52  feet 

These  cups  revolve  with  about  a  third  of  the  wmd's  velocity ;  500  revolutions 
of  the  cups  are  therefore  supposed  to  indicate  one  mile,  and  by  an  arrange- 
ment of  wheels,  the  number  of  miles  traversed  by  the  wmd  can  be  approxi- 
mately ascertained.  l     tj.  ■^t-r.r.^ 
Osier's  anemometer  is  a  large  and  very  beautiful  instrument.    It  registers 
simultaneously  on  a  piece  of  paper  fitted  on  a  drum,  which  is  turned  by  clock- 
work, direction,  velocity,  and  pressure.                 ,     .  i    i      -u  ^ 
Other  anemometers,  Lind's,  Whewell's,  &c.,  need  not  be  described^ 
The  average  velocity  of  wind  in  this  country  near  the  surface  of  the  earth 
is  from  six  to  eight  miles  per  hour ;  its  range  is  from  zero  to  60  or  even  lO 
miies^er  hour,  but  this  last  is  very  rare  ;  it  is  seldom  more,  even  in  heavy 
winds^Ln  35  to  45  miles  per  hour.    In  the  hurricanes  of  the  Indian  and 
China  seas  it  is  said  to  reach  100  to  110  miles  per  hour. 
X-.^'!^The  force  of  the  wind  is  reckoned  as  equa  to  so  many  pounds  or 

£?±  -  sir  S 

*"  AsTertrin  the  mean  velocity  per  hour  by  oterving  iU  velocity  for  a 

1  Or,  better  still,  by  tbe  pole  star.  ,„a?uetic  S.S.E.  true,  and  so  on. 

Thus  N.  magnetic  will  be  N.^^- W  t  ie  S-  i^VY/f  .Jn^eave  sur  ace  than  by  a  conve.x  one 
»  The  current  of  air  is  opposed  one-fourth  moie  Dj  a  coiii..o<- 

the  same  size. 
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minute,  and  multiplying  by  60  ;  then  square  the  hourly  velocity  and  multi- 
ply by  -005.  The  result  is  the  pressure  in  pounds  or  parts  of  a  pound  per 
square  foot. 

The  formula  is,  if  V  =  velocity  per  hour, 

V2  X  -005  =  P. 
If  the  force  be  given,  the  velocity  may  be  found  : 

When  no  anemometer  is  in  use,  the  Beaufort  scale  may  be  employed, 
0=  calm,  about  3  miles  an  hour, — and  12  =  hurricane,  90  miles  and  over. 


SECTION  VII. 


CLOUDS  (Plate  IX.) 

The  nomenclature  proposed  by  Howard  ^  is  now  almost  universally  adopted. 
There  are  three  principal  forms  and  four  modifications. 

Principal  Forms. 

Cirrus. — Thin  filaments,  which  by  association  form  a  brush,  or  woolly  hair, 
or  a  slender  net- work.  They  are  very  high  in  the  atmosphere,  probably  more 
than  ten  miles,  but  the  exact  height  is  unknown.  It  has  even  been  ques- 
tioned whether  they  are  composed  of  water ;  if  so,  it  must  be  frozen.  In 
this  climate  they  come  from  the  north-west. 

Cumulus. — Hemispherical  or  conical  heaps  like  mountains  rising  from  a 
horizontal  base ;  cumuli  are  often  compared  to  balls  of  cotton. 

Stratus. — A  widely  extended,  continuous  horizontal  sheet,  often  forminf* 
at  sunset.  ° 

Modificatiom. 

Cirro-cumulus. — Small  rounded,  well-defined  masses,  in  close,  horizontal 
arrangement;  when  the  sky  is  covered  with  such  clouds  it  is  said  to  be  fleecy. 

Cirro-stratus. — Horizontal  strata  or  masses,  more  compact  than  the  cirri;  at 
the  zenith  they  seem  composed  of  a  number  of  thin  clouds  ;  at  the  horizon 
they  look  like  a  long  narrow  band. 

Cumulo-stratus. — Stratus  blended  with  the  cumulus. 

Gumulo-cirro-dratus,  Nimbus,  or  Rain-cloud.— k  horizontal  sheet  above 
which  the  cirrus  spreads,  while  the  cumulus  enters  it  laterally  or  from  below. 

Of  the  above  forms  Kos.  1,  2,  and  3  of  the  plate  (copied  by  permission  from 
Mr.  Scott's  Instructions)  are  "  upper "  clouds  :  the  others  are  "  lower " 
clouds.  To  those  described  is  added  the  form  shown  in  No.  5.  viz.,  RoU- 
cumuhis,  which  consists  of  portions  of  cumulus  rolled  into  a  cylindrical  shape 
and  either  separate  or  packed  together,  as  shown  in  the  plate.  Alongside  the 
names  in  tlie  plates  are  contractions,  which  ought  to  be  used  in  description 

Estimation  of  Amount  of  Cloud.— Thi^  is  done  by  a  system  of  numbers  • 
0  expresses  a  cloudless  sky,  10  a  perfectly  clouded  sky,  the  intermediate 
numbers  various  degrees  of  cloudiness.  To  get  these  numbers,  look  midway 
between  the  horizon  and  zenith,  and  then  turn  slowly  round,  and  iudc^e  as 
well  as  can  be  done  of  the  relative  amount  of  clear  and  clouded  sky  This 
is  to  be  entered  without  reference  to  the  thickness  of  the  cloud 


1  Climate  of  London. 
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SECTION  VIIL 
0Z0NE.1 

Papers  covered  witli  a  composition  of  iodide  of  potassium  and  starch,  a^}*! 
exposed  to  the  air,  are  supposed  to  indicate  the  amount  of  ozone  present 
the  atmosphere.  Schonbein,  the  discoverer  of  ozone,  originally  prepare^ 
such  papers,  and  gave  a  scale  hy  which  the  depth  of  blue  tint  was  estimated- 
Subsequently  similar  but  more  sensitive  papers  were  prepared  by  Dr.  Mofiat> 
and  Mr.  Lowe  afterwards  improved  on  Moffat's  papers,  and  also  prepared 
some  ozone  powders. 

The  papers  are  exposed  for  a  definite  time  to  the  air,  if  possible  with  the 
exclusion  of  light,  and  the  alteration  of  colour  is  compared  with  a  scale. 

Schonbein's  proportions  are — 1  part  of  2^ure  iodide  of  potassium,  10  parts 
starch,  and  200  parts  of  water.  Lowe's  proportion  is  1  part  of  iodide  to  5 
of  starch  ;  Moflfat's  proportion  is  1  to  2|.  The  starch  should  be  dissolved  in 
cold  water,  and  filtered  so  that  a  clear  solution  is  obtained ;  the  iodide  is 
dissolved  in  another  portion  of  water,  and  is  gradually  added.  Both  must  1)0 
perfectly  pure ;  the  best  arrowroot  should  be  used  for  starch. 

The  paper,  prepared  by  being  cut  into  slips  (so  as  to  dry  quicker  and  to 
avoid  loss  of  the  powder  in  cutting)  and  soaked  in  distilled  water,  is  placed 
in  the  mixed  iodide  and  starch  for  four  or  five  hours,  then  removed  with  a 
pair  of  pincers,  and  slowly  dried  in  a  cool  dark  place,  in  a  horizontal  position. 
The  last  point  is  important,  as  otherwise  a  large  amount  of  the  iodide  drains 
down  to  one  end  of  the  paper,  and  it  is  not  equally  diffused.  The  papers 
when  used  should  hang  loose  in  a  place  protected  from  the  sun  and  ram :  a 
box  is  unnecessary  ;  they  should  not  be  touched  with  the  fingers  more  than 
can  be  helped  when  they  are  adjusted. 

When  Schonbein's  papers  are  used  they  are  moistened  with  water  atter 
exposure,  but  before  the  tint  is  taken.    Moffat's  papers  are  prepared  some- 
what similarly  to  Schonbein's,  but  do  not  require  moistemng  with  water  _ 
The  estimation  of  ozone  is  still  in  a  very  unsatisfactory  state,  and  tins 
arises  from  two  circumstances.  .v    •  j-j  ^^fo. 

1  The  fact  that  other  substances  besides  ozone  act -on  the  iodide  ol  potas- 
sium, especially  nitrous  acid,  which  is  formed  in  some  quantity  during  electrical 
storms.  Cloez  has  shown  that  air  taken  about  one  me  re  above  the  ground  often 
contains  nitrous  acid  in  sufficient  quantity  to  redden  litmus.    Starch  and 

od  de  paper  is  coloured  when  air  contains  -00005  of  its  volume  of  nitrous  acid 

2  The  fact  that  the  papers  can  scarcely  be  put  under  the  same  conditions 
from  day  to  day  ;  light,  wind,_  humidity,  and  temperatui'e  (by  expelling  the 
free  iodine)  all  affect  the  reaction.  .  •  . 

Ciemical  objections  have  also  been  made.^  Supposing  that  lodme  is  set 
free  by  ozone,  i  portion  of  it  is  at  once  changed  by  additional  ozone  in  o 
Sdozone  which  is  extremely  volatile  at  ordmary  temperatures  and  is  al.o 
chanrdC  with  wat'er  into  free  iodine  and  iodic  acid.    Hence  a  poi^ 

 ~     77,    r~7    f  „oo  T)r  Fox's  work  on  Ozmie  and  Antozoiic,  1873, 

1  For  a  full  account  of  the  tests  of  o^^one  see  Dr.  *     «  ;  °      preference  to  the  iodine  plan, 
already  referred  to.    After  discussing  all  the  tests  lie  iveb  i> 

He  has  uot  found  Schbnbein's  tl^'^"™^^^^"^.'.^*^^       Wm.  Heilh,  Band  ii.  p.  29. 
a  Beitraye  zur  Ozonometrie,  von  Dr.  v.  Maach ,  Aicnivji*, 
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The  conckision  arrived  at  hy  the  Vienna  congress  was  the  following : 
"  The  existing  methods  of  determining  the  amount  of  ozone  in  the  atmosphere 
are  insufficient,  and  the  congress  therefore  recommends  investigations  for  the 
discovery  of  better  methods." 

SECTION  IX. 
ELECTKICITY. 

The  instruments  used  by  meteorologists  are  simple  electroscopes,  with  two 
gold-leaf  pieces  which  diverge  when  excited,  or  dry  galvanic  piles  acting  on 
gold-leaf  plates  or  an  index  attached  to  a  Lcyden  jar  (Thomson's. Electrometer). 
For  further  details,  see  Scott's  Instructions,  op.  cit. 

SECTION  IX. 

THERMOMETER  STAND. 

A  stand  is  i&sued  by  the  War-office,  and  provided  at  every  station.  Or  it 
would  be  very  easy  to  make  a  stand  by  Uyo  or  three  strata  of  boards,  placed 
about  6  inches  apart,  so  as  to  form  a  kind  of  sloping  roof  over  the  ther- 
mometers, which  are  suspended  on  a  vertical  board. 

The  dry  and  wet  bulb  thermometers  are  placed  in  the  centre ;  the  maximum 
on  the  right  side,  and  the  minimum  on  the  left.  The  wood  should  be  cut 
away  behind  the  bulbs  of  the  maximum  aud  minimum  thermometers,  so  as  to 
expose  them  freely  to  the  air.  The  bulbs  of  the  dry  and  wet  bulbs  should 
also  fall  below  the  board.  These  stands  are  made  to  rotate  on  the  pole  so 
as  to  turn  the  roof  always  to  the  sun. 

A  much  better  stand  is  Stevenson's  screen,  a  square  or  oblong  box,  with 
double  louvred  sides  and  open  below.  This  is  raised  upon  legs  four  feet  from 
the  ground,  placed  upon  grass. i 

SECTION  XL 
WEATHER. 

_  In  registering  the  kind  of  weather  it  is  well  to  adhere  to  the  Beaufort  nota- 
tion and  symbols,  which  are  carefully  explained  in  Scott's  Instructions. 
Columns  are  given  in  the  return  to  be  filled  up  in  this  way. 

SECTION  XII. 

DISEASES  AND  VARIATIONS  IN  'J  HE  METEOROLOGICAL 

ELEMENTS. 

_  The  variation  in  the  prevalence  of  different  diseases  at  a  particular  place, 
m  connection  with  the  simultaneous  variation  of  meteorological  elements,  is 
T  ^"^^"7  w^^ich  has  at  present  led  to  few  results.  The  reason  of  this  is 
that  the  meteorological  elements  are  only  a  few  out  of  a  great  many  causes 
attectmg  the  prevalence  and  severity  of  diseases.  Consequently,  in  order  to 
estimate  the  real  value  of  changes  of  temperature,  pressure,  humidity,  ozone, 
♦fee,  the  other  causes  of  disease,  or  of  variations  in  prevalence  or  intensity' 
miist  be  recognised  and  eliminated  from  the  inquirv.  The  best  of  the  late 
observations  are  those  by  Guy,  Eansome,  Vernon,  Moffat,  Tripe,  Scoresby- 
'Jackson,  and  Ballard.  Observations  have  also  been  made  by  Fodor  and 
others  in  the  continent  of  Europe,  and  by  various  observers  in  America  and 
elsewhere.  But  they  must  be  much  more  extended  and  numerous  before 
anything  practical  can  be  drawn  from  them. 


1  Scott's  bi»trnciions,  fig.  10,  p.  41. 
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INDIVIDUAL  HYGIENIC  MANAGEMENT. 

This  subject  is  an  extremely  large  one,  and  the  object  of  this  book  does  not 
permit  of  its  discussion.  It  would  require  a  volume  to  itself.  Only  a  few 
very  general  remarks  can  be  made  here.  The  application  of  general  hygienic 
rules  to  a  particular  case  constitutes  individual  management. 

It  is  impossible  to  make  general  rules  sufficiently  elastic,  and  yet  precise 
enough,  to  meet  every  possible  case.  It  is  sufficient  if  they  contain  principles 
and  precepts  which  can  be  applied.  While  individual  hygiene  should  be  a 
matter  of  study  to  all  of  us,  it  is  by  no  means  desirable  to  pay  a  constant  or 
minute  attention  to  one's  own  health.  Such  care  will  defeat  its  object.  We 
should  only  exercise  that  reasonable  care,  thought,  and  prudence  which,  in  a 
matter  of  such  moment,  every  one  is  bound  to  take. 

Every  man,  for  example,  who  considers  the  subject  bond  fide,  is  the  best 
judge  of  the  exact  diet  which  suits  him.  If  he  understands  the  general  prin- 
ciples of  diet,  and  remembers  the  Hippocratic  rule,  that  the  amount  of  food 
and  exercise  must  be  balanced,  and  that  evil  results  from  excess  of  either,  he 
is  hardly  likely  to  go  wrong. 

"Temperance  and  exercise,"  was  the  old  rule  laid  down,  even  before 
Hippocrates,!  ag  containing  the  essence  of  health ;  and  if  we  translate  temper- 
ance by  "  sufficient  food  for  wants,  but  not  for  luxuries,"  we  shall  express 

the  present  doctrine.  ^.   •  ■ 

The  nutrition  of  the  body  is  so  affected  by  individual  peculiarities,  that 
there  is  a  considerable  variety  in  the  kind  of  food  taken  by  different  persons. 
The  old  rule  seems  a  good  one,  viz.,  while  conforming  to  the  general  principles 
of  diet,  not  to  encourage  too  great  an  attention  either  to  quantity  or  to  quality, 
but  avoiding  what  experience  has  shown  to  be  manifestly  bad,  either  generally 
or  for  the  particular  individual,  to  allow  a  considerable  variety  and  change  in 
amount  from  day  to  day,  according  to  appetite.^  Proper  and  slow  mastication 
of  the  food  is  necessary;  and  it  is  extraordinary  how  many  affections  of  the 
stomach  called  dyspepsia  arise  simply  from  faulty  mastication,  from  deficient 
teeth,  or  from  swallowing  the  food  too  rapidly.    Many  persons  who  are  too 

1  Tt  is  auite  plain  from  the  context,  that  Hippocrates,  by  temperance,  meant  siich  an  amount 
of  food  as^  wourbalance,  and  neither  exceed  nor  faU  short  of  the  exercise.  He  had  a  clear 
conceptfon^f  the  development  of  mechanical  force  from,  and  its  relation  to,  food  He  lays 
down  ndes  to  show  when  the  diet  is  in  excess  of  exercise,  or  the  exercise  in  excess  of  diet.  In 

''?CeS  SrS'Saf?lan  of  variety  so.far  as  to  recommend  that  men  should  sometirnes  eat 
andS  mo":  tian^is  proper,  and  should. sometimes  not  exceed  I  ^^^^^^  '^^no  doTt  of Ih? 
remark  which  leads  one  to  believe  he  held  a  similar  opinion  "f  ffiiZcrates 

incorrectness  of  this  opinion.    It  has  been  truly  said  ^1^^*  ^'^\Sen^^^^^^^^ 
which  prescribes  continual  m^ie^^^^^^^^^^^  TesiJ^ehif  eS^^^^^^^^^^^^  « 
and  modern,  have  decided  against  Celsus.    rjesmes  ueu^  c»i  ,  twisted  to  serve 

door  to  intemperance,  and,  like  a  harmless  sentence  in  Hippocnttes  h^^^^^        ^'tMs  imich  is 
the  argument  of  gourmands.    Its  influence  is  telt  even  ^t  the  present  ^^y-  \J^^i3"J^;';^3 
certain,  that  problbly  30  per  cent,  of  the  persons  who  consult  Pjy^'^f"'/;^^,^ 
some  way  to  food,  and  in  many  cases  they  are  Perfectly  aware  themselves  of^ 
habit,  but,  with  tiie  singular  inconsistency  of  human  nature,  ^jther  conceal  it  ^^"^  J^^" 
whom  they  are  professing  perfect  openness,  or  manage  to  blind  themselves  to  its  existence. 
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thin  are  so  from  their  own  habits ;  they  eat  chiefly  meat,  and  eat  it  very  fast; 
they  should  eat  slowly,  and  take  more  bread  and  starchy  substances.  Fat 
persons,  on  the  other  hand,  by  lessening  the  amount  of  starchy  and  taking 
more  exercise,  can  lessen  with  the  greatest  ease  the  amount  of  fat  to  any 
amount.  It  must  be  remembered,  however,  that  there  is  a  certain  individual 
conformation  in  this  respect ;  some  persons  are  normally  fatter  or  thinner  than 
others. 

The  exact  amount  of  exercise  must  also  be  a  matter  of  individual  decision, 
it  being  remembered  that  exercise  in  the  free  air  is  a  paramount  condition 
of  health,  and  that  the  healthiest  persons  are  those  who  have  most  of  it. 
As  a  rule,  persons  take  far  too  little  exercise,  especially  educated  women, 
who  are  not  obliged  to  work,  and  the  muscles  are  too  often  flaccid  and 
ill-nourished.  1 

Attention  to  the  skin  is  another  matter  of  personal  hygiene.  The  skin 
must  be  kept  perfectly  clean,  and  well  clothed.  Some  writers,  indeed,  have 
advised  that,  if  food  be  plentiful,  few  clothes  be  worn ;  but  the  best  authors 
do  not  agree  in  this,  but  recommend  the  surface  to  be  well  protected.  For 
cleanliness,  cold  bathing  and  friction  hold  the  first  rank.  The  efi'ect  of  cold 
is  to  improve  apparently  the  nutrition  of  the  skin,  so  that  it  afterwards  acts 
more  readily,  and  when  combined  with  fciction,  it  is  curious  to  see  how  the 
very  colour  and  texture  of  the  skin  manifestly  improve. 
^  The  effect  of  heat  on  the  skin,  and  especially  the  action  of  the  Eoman  or 
Turkish  baths,  and  their  action  on  health,  have  certainly  not  yet  been 
properly  worked  out,  in  spite  of  the  numerous  papers  which  have  been 
written.  It  has  not  been  proved  that  the  strong  action  of  the  Turkish  bath 
IS  more  healthy  in  the  long  run  than  the  application  of  cold  water.  As  a 
curative  agent,  it  is  no  doubt  extremely  useful ;  but  as  a  daily  custom,  it  is 
yet  suh  judice.  Certainly  it  should  not  be  used  without  the  concludino- 
appHcation  of  cold  to  the  surface.  ° 
Attention  has  been  often  very  properly  directed  to  the  effect  of  lead  and 
mercurial  hair-dyes.  It  may  be  worth  while  to  notice  that  there  is  a  case  on 
record  m  which  not  only  was  paralysis  produced  by  a  lead  hair- wash,  but 
lead  was  recovered  from  the  base  of  the  left  hemisphere  of  the  brain.  Snuff 
containing  lead  has  also  caused  poisoniuf. 

The  care  of  the  bowels  is  another  matter  of  personal  hygiene,  and  is  a 
matter  of  much  greater  difficulty  than  at  first  sight  appears.  Constipation, 
as  allowing  food  to  remain  even  to  decomposition,  as  leading  to  distention 
and  sacculation  of  the  colon,  and  to  haimorrhoids,  is  to  be  avoided.  But,  on 
ttie  other  hand,  the  constant  use  of  purgative  medicine  is  destructive  of 
aigestion  and  proper  absorption  ;  and  the  use  of  clysters,  though  less  hurtful 
to  tHe  stomach,  and  less  objectionable  altogether,  is  by  no  means  desirable. 
\m  Che  whole,  it  would  seem  that  proper  relief  of  the  bowels  can  be  usually 
insured  by  exercise,  and  especially  by  bringing  the  abdominal  muscles  into 
piay  and  by  the  use  of  certain  articles  of  diet—viz.,  pure  water  in  good 
quantity  with  meals  the  use  of  bran  bread,  honey,  and  such  gently  laxJtive 
lood,  and  that  if  these  do  not  answer  well,  it  is  better  to  allow  a  certain 
medic'ines  ^^^^  ^"^^^o  ^^^e  frequent  use  of  purgative 

The  regulation  of  the  passions  must  also  be  left  to  the  individual.  The 


labouring  women  the  too  hard  outlines  of  middle  life  ^'^velops  in  the  muscles  of  the 

Virchows  Archiv,  Band  viii.  p.  177. 
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control  of  morals  has  baffled  the  exertions  of  the  priest  and  the  statesman  ; 
but  perhaps  the  influence  of  sexual  irregularities  on  health  has  never  been 
made  the  subject  of  judicious  education.   The  period  of  puberty  correspondf; 
with  the  most  important  period  of  growth,  when  the  bones  are  consolidating 
and  uniting,  and  both  muscles  and  nerves  are  largely  absorbing  nourishment, 
and  are  developing  to  their  fullest  power.    The  too  early  use  of  sexual  con- 
gress, and  even  more  the  drain  on  the  system  j)roduced  by  solitary  vice, 
arrests  this  development  to  a  considerable  extent,  and  prevents  the  attain- 
ment of  the  strength  and  endurance  which  would  insure  a  healthy,  vigorous, 
and  happy  life.    The  venereal  diseases,  which  so  waste  many  of  the  younger 
men,  form  only  an  item  in  the  catalogue  of  evils- --evils  which  affect  at  a 
subsequent  period  wives  and  children,  and  by  undermining  the  health  and 
happiness  of  the  family,  influence  the  state  itself.    We  know  that  a  wide- 
spread profligacy  has  eaten  away  the  vigour  of  nations,  and  caused  the 
downfall  of  states  ;  but  we  hardly  recognise  that,  in  a  less  degree,  the  same 
causes  are  active  among  us,  and  never  realise  what  a  state  might  be  if  its 
citizens  were  temperate  in  all  thiugs.    It  may  be  difficult  to  teach  these 
points  to  the  young,  and  to  urge  upon  them,  for  their  own  and  other's  sakes, 
the  regulation  of  the  passions  which  physiology  teaches  to  be  necessary  for 
personal  happiness,  for  the  welfare  of  the  offspring,  and  for  healthy  family 
life  ;  but  I  think  few  can  doubt  that,  in  some  way,  the  knowdedge  should 
be  given. 

The  amount  of  mental  work,  and  the  practice  of  general  good  temper  and 
cheerfulness  and  hope,  are  other  points  which  each  man  must  himself  control. 
Great  mental  work  can  be  borne  well  if  hygienic  principles  of  diet,  exercise 
&c.  be  attended  to.  The  old  authors  paid  great  attention  to  the  regmien  of 
men  engrossed  in  literary  work,  and  laid  down  particular  rules,  insisting 
especially  on  a  very  careful  and  moderate  diet,  and  on  exercise.i 

Hope  and  cheerfulness  are  great  aids  to  health,  no  doubt,  from  their  eliect 
on  digestion.  Usually,  too,  they  are  combined  with  a  quick  and  active 
temperament,  and  with  rapid  bodily  movements  and  love  of  exercise. 

The  individual  application  of  general  hygienic  rules  will  differ  according 
to  the  sex  and  age,'-^  and  the  circumstances  of  the  person.  In  the  case  ot 
chndren,  we  have  to  apply  the  general  rules  with  as  much  caution  and  care  as 
possible,  as  we  must  depend  on  external  evidence  to  prove  their  utility.  In 
the  case  of  adults,  individual  experience  soon  shows  whether  or  not  a  pre- 
scribed rule  is  or  is  not  beneficial,  and  what  modification  must  be  made  m  it. 
It  is  not,  however,  every  grown  person  who  has  the  power  to  modify  or 
ihanTh  s  conditiok  He  may  be  under  the  influence  of  others  who,  in  lac  . 
arranc^e  for  him  the  circumstances  of  his  life.  But  stdl,  m  no  case  is  all  self- 
control  taken  away;  the  individual  can  always  influence  the  conditions  of 

""w:;^  Saws  of  health  and  of  physiology  better  -^erstood,  how  g 
would  be  the  effect !    Let  us  hope  that  matters  of  such  great  moment  may 
Tt  atayrbe  coLidered  of  less' importance  than  the  languages  of  extinct 
nations,  or  the  unimportant  facts  of  a  dead  history^  

'ut  the  ox  Mn.sel,  .hen  he  d.d 

under  his  biirden. 

2  Galen 
infancy, 

Appear  tolmVe  to^^^^^^ 
.systematical! y.    ( For  a  good  short  account  of  the  eai  ly  sj  sieiu-,, 
uf  Heallh,  and  the  Art  of  Frcsen-ing  it,  1  /  58. ) 
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DISPOSAL  OF  THE  DEAD. 

In  densely  populated  countries  the  disposal  of  the  dead  is  always  a  ques- 
tion of  difficulty.  If  the  dead  are  buried,  so  great  at  last  is  the  accumula- 
tion of  bodies  that  the  whole  country  round  a  great  city  becomes  gradually  a 
vast  cemetery.  1  In  some  soils  the  decomposition  of  bodies  is  very  slow,  and 
it  is  many  years  before  the  risk  of  impurities  passing  into  air  and  water  is 
removed. 

After  death  the  buried  body  returns  to  its  elements,  and  gradually,  and 
often  by  the  means  of  other  forms  of  life  which  prey  on  it,  a  large  amount 
of  it  forms  carbon  dioxide,  ammonia,  carburetted  hydrogen  and  hydrogen 
sulphide,  nitrous  and  nitric  acids,  and  various  more  complex  gaseous  pro- 
ducts, many  of  which  are  very  foetid,  but  which,  however,  are  eventually  all 
oxidised  into  the  simpler  combinations.  The  non-volatile  substances,  the 
salts,  become  constituents  of  the  soil,  pass  into  plants,  or  are  carried  away 
into  the  water  percolating  through  the  ground.  The  hardest  parts,  the 
bones,  remain  in  some  soils  for  many  centuries,  and  even  for  long  periods 
retain  a  portion  of  their  animal  constituents. 

If,  instead  of  being  buried,  the  body  is  burned,  the  same  process  occurs 
more  rapidly  and  with  different  combinations ;  carbon  dioxide,  carbon  mon- 
oxide (I),  nitrogen,  or  perhaps  combinations  of  nitrogen,  water,  &c.,  are  given 
off,  and  the  mineral  constituents,  and  a  little  carbon,  remain  behind. 

A  community  must  always  dispose  of  its  dead  either  by  burial  in  land  or 
water,  or  by  burning,  or  chemical  destruction  equivalent  to  burning,  or  by 
embalming  and  preserving.  Accustomed  as  we  are  to  land  burial,  there  is 
something  almost  revolting,  at  first  sight,  at  the  idea  of  making  the  sea  the 
sepulchre,  or  of  burning  the  dead.  Yet  the  eventual  dispersion  of  our  frames 
is  the  same  m  all  cases  ;  and  it  is  probably  a  matter  merely  of  custom  which 
makes  us  think  that  there  is  a  want  of  affection,  or  of  care,  if  the  bodies  of 
the  dead  are  not  suffered  to  repose  in  the  earth  that  bore  them. 

In  reality,  neither  affection  nor  religion  can  be  outraged  by  any  manner  of 
disposal  of  the  dead  which  is  done  with  proper  solemnity  and  respect  to  the 
earthly  dwelling-place  of  our  friends.  The  question  should  be  placed  entirely 
on  sanitary  grounds,  and  we  then  shall  judge  it  rightly. 

What,  then,  is  the  best  plan  of  disposing  of  the  dead,  so  that  the  livintr 
may  not  suffer  ?  °  '  o 


citkf,^  An^nlilte  antiquity  and  the  extent  of  the  ancient 

nf  Trm?  ^^^f  "^l^a  than  the  vast  sepulchral  remains.  On  the  site  of  Old  Dardauus  the  mother 
cmn  trv  fs  ('""^^i^^^  Hellespont  for  two  or  three  miles  into  the  Ss,  he  vhde 

S  VtheZrf7^'^'''^^\*°^^^    }^  neighbourhood  of  Troy  The 

W  burnin,^  l^fi  '  ^'^^"g^Practised  by  the  most  ancient  nations,  was  afterwards  superseded 
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It  seems  hardly  likely  that  the  practice  of  embalming  or  mummifying  will 
ever  again  become  common.  What  is  the  use  of  preserving  for  a  few  mon; 
years  the  remains  which  will  be  an  object  of  indifference  to  future  genera- 
tions ?  The  next  logical  step  would  be  to  enshrine  these  remains  in  some  way 
so  as  to  insure  their  preservation,  and  we  should  return  to  the  vast  burial 
mounds  of  Egypt.  The  question  will  lie  between  burial  in  the  land  or  at 
sea,  and  burning. 

At  present  the  question  is  not  an  urgent  one  ;  but  if  the  population  of 
Europe  continues  to  increase,  it  will  become  so  in  another  century  or  two. 
Already  in  this  country  we  have  seen,  in  our  own  time,  a  great  change  ;  the 
objectionable  practice  of  interment  under  and  round  churches  in  towns  has 
been  given  up,  and  the  population  is  buried  at  a  distance  from  their  habita- 
tions. For  the  present  that  measure  will  probably  suffice,  but  in  a  few 
years  the  question  will  again  inevitably  present  itself. 

Burying  in  the  ground  appears  certainly  the  most  insanitary  plan  of  the 
three  methods.    The  air  over  cemeteries  is  constantly  contaminated,  and  water 
(which  may  be  used  for  drinking)  is  often  liighly  impure.    Hence,  in  the 
vicinity  of  graveyards  two  dangers  to  the  population  arise,  and  in  addition, 
from  time  to  time,  the  disturbance  of  an  old  graveyard  has  given  rise  to 
disease.    It  is  a  matter  of  notoriety  that  the  vicinity  of  graveyards  is 
unhealthy.    How  are  these  dangers  to  be  avoided  1  The  dead  may  be  buried 
in  more  or  less  air-tight  vaults  ;  here  decay  is  slow ;  the  products  form  and 
escape  slowly,  though  they  must  eventually  escape  ]  the  air  and  water  are  less 
contaminated.   But  the  immense  expense  of  such  a  plan  renders  it  impossible 
to  adopt  it  for  the  community  generally.    Deep  burying  has  the  advantage 
of  greater  filtration,  both  for  air  and  water,  than  shallow  burymg,  and  hence 
it  is  a  good  rule  to  make  the  grave  as  deep  as  possible,  and  to  allow  no  more 
than  one  body  in  a  grave.    The  admixture  of  quicklime  lias  been  advised; 
it  absorbs  some  carbon  dioxide,  and  forms  calcium  sulphide  with  the  sulphur 
and  hydrogen  sulphide,  but  this  itself  soon  decomposes,  so  that  the  ex- 
pense of  qSicklime  seems  hardly  commensurate  with  the  result.  Charcoal 
would  absorb  and  oxidise  the  foetid  organic  matter,  and,  if  sufficiently  cheap 
would  be  a  valuable  substance  to  be  heaped  in  graves ;  but  its  cost  would  be 
probably  too  great,  nor  does  it  entirely  hinder  putrefaction  and  the  evolut  on 
of  foul-smelliSg  substances  (H.  Barker).    If  a  body  has  to  be  kept  unburied 
?or  sometime,'sawdust  and  sulphate  of  zinc,  in  the  proportion  of  two  part  to 
one,  has  been  found  by  Herbert  Barker,^  to  be  tl^^^-^^,^PP",^^^ 
layer  is  put  over  the  dead  body ;  or  sawdust  is  sprinkled  on  the  body,  and 
then  two  or  three  inches  of  carbolic  acid  thrown  over  It 

The  only  means  which  present  themselves,  as  applicable  m  all  cases,  are  the 

mos  rap  C-ow^^^^  '^'^  eSmbsrand,  in  fact,  there  is  no  reason,  except 
r&  enti^ent  wK,^^^^^^^^^^ 

the  way  of  changes  which  are  sooner  or  later  inevitable 
When,  in  the  course  of  years^tbecomesi^^ 

I  DeodorLsation  and  Distinfection,  Bntish  Medical  Journal,  January  1866. 
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tion,  and  land  burial  will  have  to  be  modified,  some  arguments  niay  present 
themselves  to  maritime  nations  in  favour  of  burying  in  the  sea  rather  than 
of  burning.  In  the  burial  at  sea,  some  of  the  body  at  least  would  go  at  once 
to  support  other  forms  of  life,  more  rapidly  than  in  the  case  of  land  burial, 
and  without  the  danger  of  evolution  of  hurtful  products. 

Burning,  or  cremation,  has  attracted  much  attention  of  late  years.  In 
this  country  the  subject  has  been  discussed  by  Sir  Henry  Thompson  and 
Mr.  Eassie,  and  abroad  much  has  been  written,  especially  in  Germany 
and  Italy,  in  both  which  countries  the  method  has  been  practically  tried. 
It  would  certainly  appear  that  the  body  can  be  disposed  of  in  a  very  short 
time  and  in  an  inoffensive  manner,  while  the  expense  would  unquestionably 
be  much  reduced  if  the  practice  became  general.  One  hour  appears  sufficient 
to  reduce  a  body  to  ashes,  and  it  has  been  successfully  tried  in  this  country. 

The  only  really  valid  argument  against  cremation  is  the  possible  conceal- 
ment of  crime,  such  as  poisoning.  This,  however,  might  be  guarded  against 
by  suitable  precautions. 

In  time  of  war,  and  especially  in  the  case  of  beleagured  fortresses,  the  dis- 
posal of  the  dead  becomes  often  a  matter  of  difficulty.  In  that  case  burning 
may  have  to  be  resorted  to.  If  the  bodies  are  buried,  they  should  always  be 
at  as  great  a  distance  as  possible,  and  as  deep  as  they  can  be.  If  procurable, 
charcoal  should  be  thrown  over  them  ;  if  it  cannot  be  obtained,  sawdust  and 
sulphate  of  zinc,  or  carbolic  acid  may  be  employed.  Quicklime  is  also  com- 
monly employed,  but  it  is  less  useful. 

At  Metz,  in  1870,  the  following  plan  was  adopted: — A  jDit  of  about  17 
feet  in  depth  was  filled  with  dead,  disposed  of  as  follows  :— A  row  of  bodies 
was  laid  side  by  side  ;  above  this  a  second  row  was  placed,  with  the  heads 
laid  against  the  feet  of  the  first  row  ;  the  third  row  were  placed  across,  and 
the  fourth  row  in  the  same  way,  but  with  the  heads  to  the  feet  of  the  former  • 
the  fifth  row  were  placed  as  No.  1,  and  so  on.  Between  each  layer  of  bodies 
about  an  mch  of  lime,  in  powder,  was  placed.  From  90  to  100  bodies  were 
thus  arranged  on  a  length  of  6|  feet,  and  reached  to  about  6  feet  from  the 
surface  ;  the  pit  was  then  filled  up  with  earth,  and  though  8400  bodies  were 
put  m  that  pit,  there  were  no  perceptible  emanations  at  any  time. 

Around  Metz  the  graves  of  men  and  horses  and  cattle  were  disinfected  with 
hme,  charcoal,  and  sulphate  of  iron.  Immense  exertions  were  made  to  clean 
and  disinfect  the  camps  and  battle-fields,  and  in  the  month  of  May  1871 
trom  1200  to  1600  labourers  were  employed  by  the  Germans.  Whereve^ 
practicable,  the  ground  was  sown  with  oats  or  barley,  or  grass.  The  hillocks 
termed  by  the  graves  were  planted  with  trees. 

In  many  cases,  at  Metz,  bodies  were  dug  up  by  the  Germans  when  there 
was  any  fear  of  water-courses  being  contaminated,  or  if  houses  were  near 
un  account  of  the  danger  to  the  workmen,  graves  containing  more  than  six 
bodies  were  left  untouched,  and  the  x.ork  was  always  clone  under  the 
immediate  superintendence  of  a  physician.  The  earth  was  removed  carefullv 
but  not  far  enough  to  uncover  the  corpse;  then  one  end  of  the  corpse  was 
I  ncovered,  and  as  soon  as  uniform  or  parts  of  the  body  were  seen,  chloride  of 
me  and  sawdust,  or  charcoal  and  carbolic  acid,  put  in  ■  the  whole^arround 

awav  %r  \T'f'  ^  ^'''^^  ^^"Sth  laid  bare,  lifted  and  carried 
away.    The  second  body  was  then  treated  in  the  same  way 

i^atZ  r'V''''  ^'''''^  "'^""^  superficially  buried  bui-n 

mg  was  had  recourse  to.    Straw  mixed  with  pitch  was  nut  into  +Z  l 
and  was  lighted  :  1  ton  of  pitch  sufficed  for  from  15  to  20  bodies  oSf' 
as  to  his  practice  were  divided,  and  it  is  not  certain  how  nnmr  a,-,^? 
thus  dealt  with.    It  seems  probable  that  only  the  suXce  rtl^'bod/wi: 
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burat,  and  when  many  bodies  were  together  in  one  grave  some  were  not 
touched  at  all.  On  the  whole,  the  experiment  appears  to  have  been 
unsuccessful. 

The  Belgian  experience  at  Sedan  was  in  favour  of  employing  chloride  of 
lime,  nitric  acid,  sulphate  of  iron,  ami  chlorine  gas.  Carbolic  acid  did  not 
answer  so  well.  The  sulphate  of  zinc  and  charcoal,  which  Barker  found  so 
nseful,  was  not  tried. 

Mr.  Eassie  has  lately  called  attention  to  the  desirability  of  an  ambulatory 
cremation  furnace  for  the  disposal  of  bodies  in  war.  If  such  an  arrangement 
proved  practicable,  it  would  unquestionably  be  of  immense  advantage  from  a 
hygienic  point  of  view. 


CHAPTER  XVIIL 


ON"  THE  PEEVENTION  OF  SOME  IMPORTANT  AND 
COMMON  DISEASES. 

There  are  two  modes  by  which  we  may  attempt  to  prevent  the  occurrence  of 
disease. 

1.  By  conforming  with  the  general  rules  of  hygiene,  by  which  the  body 
and  mind  are  brought  into  a  state  of  more  vigorous  health. 

2.  By  investigating  and  removing  the  causes  of  the  diseases  which  we  find 
actually  in  operation.  This  part  of  the  inquiry  is  in  fact  a  necessary  supple- 
ment to  the  other,  though  in  proportion  to  the  observance  of  the  general  rules 
of  hygiene,  the  causes  of  disease  will  gradually  be  removed.  'At  present, 
however,  we  have  to  deal  with  the  facts  before  us,— viz.,  that  there  are  a 
great  number  of  diseases  actually  existent  which  must  form  the  subject  of 
investigation.  We  proceed  in  this  case  from  the  particular  to  the  general, 
whereas,  m  the  first  mode,  we  deduce  general  rules  which  have  to  be  applied 
to  individual  instances. 

Hygiene  is  in  this  direction  an  application  of  etiology,  and  etiology  is  the 
philosophy  of  medicine;  while  in  its  turn  the  very  foundation  and\asis  of 
etiology  IS  an  accurate  diagnosis  of  disease.  Unless  diseases  are  completely 
identiEed,  all  inquiry  into  causes  is  hopeless.  Let  us  remember,  for  example 
what  utter  confusion  prevailed  in  our  opinions  as  to  causes  and  preventive 
measures  at  the  time  when  typhus  and  typhoid  fevers  were  considered 
Identical,  or  when  paroxysmal  fever  and  the  true  yellow  fever  orvomito  were 
thought  to  own  a  common  cause.  Any  useful  rules  of  prevention  were  simply 
impossible -as  impossible  as  at  present  in  many  of  the  diseases  of  nutrition 
which,  m  the  proper  sense  of  the  word,  are  yet  undiagnosed. 

The  advance  of  diagnosis  has  of  late  years  been  owing  not  merelv  to 
improved  methods  of  observation,  but  to  the  more  complete  recognition  of  the 
great  principle  of  the  mvariableness  of  causation.  The  sequence  of  phenomena 
m  the  diseased  body  proceeds  with  the  same  regularity  and  constancy  as 
ni  astronomy  or  chemistry.  Like  causes  always  produce  like  effects.  To 
suppose  that  from  the  same  cause  should  proceed  a  sequence  of  phenomena  so 
v!f  w-fi^  °^  ^""'^  fever,  now  seems  incredible: 

JLZl^     ?  '  ''''^  s^^ffi^ient  knowledge  of  the  phenomena,  it 

was  at  one  time  almost  universally  beheved  that  these  two  perfectly  distinct 
diseases  owned  a  common  origin.    At  the  present  moment,  the  supe  ficia 
resemblance  between  gout  and  rheumatism  causes  them  to  be  put  together  h 
trVff  7f  T  f  "°^°\°Sy,  although,  with  the  exception  of  ?L  j  oTnt 
being  affected,  the  diseases  have  almost  nothing  in  common 

iu  proportion  as  this  great  principle  is  still  more  constantly  applied  and  as 
>  u  means  of  diagnosis  advance,  and  consequently,  causes  are  mori  sa  is 
a  t  rily  investigated,  methods  of  prevention  will  become  obvious  anHrecte 
At  present  they  are  very  far  from  being  so.  In  many  cases  thev  are  foCI  ?' 
on  very  imperfect  observation;  and  very  frequently  all  S  oSZ  ^.^  ^' 
apply  general  sanitary  rales,  Without  aLmpting  1  ito^^^^  tlat  arV  n  ' 
special  preventive  measures  which  each  disease  requires 
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It  is  not  necessary,  however,  that  we  should  wait  until  the  causation  of 
any  disease  is  perfectly  understood.  We  must  act,  as  in  so  many  other 
affairs,  on  probability  ;  and  endeavour  to  remove  those  conditions  which,  in 
the  present  state  of  our  knowledge,  seem  to  be  the  most  likely  causes  of  the 
disease.  It  may  be  that,  in  some  cases,  we  may  be  attacking  only  subsidiary 
or  minor  causes,  and  may  overlook  others  equally,  or  more  important.  In 
some  cases,  indeed,  we  may  overlook  entirely  the  effective  causes,  and  may  be 
fighting  with  shadows.  Still,  even  from  mistakes,  progress  often  arises— 
indeed,  the  difficult  path  of  human  knowledge  is  perhaps  always  through 

The  term  cause  is  applied  by  logicians  to  any  antecedent  which  has  a  share 
in  producing  a  certain  sequence  ;  and  it  is  well  known  that  in  many  diseases 
two  sets  of  causes  are  in  operation — one  external  and  one  internal  to  the  body 
(exciting  and  predisposing).  The  investigation  of  the  internal  causes,  which 
in  some^'cases  are  necessary  to  the  action  of  the  external  causes,  is  equally 
curious  and  intricate  as  that  of  the  external  causes,  and  in  some  respects  it  is 
even  more  obscure;  but  measures  of  prevention  must  deal  with  them,  as  well 
as  with  the  external  causes. 

In  this  chapter  we  can,  of  course,  only  venture  to  enumerate  very  briefly, 
and  without  discussion,  what  seem  to  be  the  best  rules  of  prevention  for  the 
principal  diseases  of  soldiers.  To  enter  on  the  great  subject  of  the  prevention 
of  disease  generally,  and  to  discuss  all  the  complicated  questions  connected 
with  causation,  would  demand  a  volume. 


SECTION  I. 
THE  SPECIFIC  DISEASES. 
Faroxysmal  Fevers. 

External  Caiise.-Thi^  was  presumed  to  be  putrescent  or  at  any  i-ate, 
decomposing  vegetable  matter  derived  from  a  moist  and  putrescent  soil, 
whTcWs  Carried  into  the  body  by  the  medium  of  water  or  of  an-.  But  the 
later  vfews  of  Klebs  and  Tommasi-Crudeli  attribute  it  to  a  low  organism 
of  the  niture  of  Bacillus,  to  which  they  have  given  the  name  Ba^Mi. 
malarias  propagated  in  the  presence  of  decay mg  vegetable  matter. 

If  the'iStfon  is  by  water,  a  fresh  source  must  be  obtained  WeU  water 
is  .Lerallyl^^^^^^  not  always.  Eain  water  may  be  unsafe  if  the  tanks  are 
nof dean '    If  a  fresh  source  cannot  be  obtained,  boilmg,  filtration,  and  alum 

^^S^:^  locality  cannot  be  left,  the  n.st 
.pJL:td^aniseWion^^^^ 

^Tb'^- Blanc  and  Mr.  Pridcaux  preserved  — -  intermittent  fever,  in  a  march  ,n 
Abyssinia,  by  always  nsing  water  m  to  be  above  a  marsh.    They  will  not 

»  It  must  be  understood  that  these  heights  arc  ^^^f'  '°  ^^i,  „reater  height.  A  marsh  at 
secure  from  malaria  from  marshes,  i  ^1*"^*^ J^f  iJ'^^'S  .xico,  is  .^OOO^feet :  both  caiis. 
Erzeroum  is  6000  feet  about  sea-level ;  one  at  Puebla,  m  r^cw 

fevers. 
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For  the  second,  belts  of  trees,  even  walls  can  be  interposed;  or  houses  can  be 
so  built  as  not  to  present  openings  towards  the  side  of  the  malarious 
currents. 

The  houses  themselves  should  be  raised  above  the  ground  on  arches ;  or, 
if  wooden,  on  piles.  Upper  floors  only  should  be  occupied.'  The  early 
morning  air,  for  three  hours  after  sunrise,  should  be  avoided;  and  next  to 
this,  night  air. 

Internal  Causes. — The  conformation,  or  structural  condition,  which  permits 
the  external  cause  to  act,  is  evidently  not  equal  in  different  individuals,  or  in 
different  races  ;  but  we  are  quite  ignorant  of  its  nature.  It  is  not  removed 
by  attacks  of  the  disease;  but,  on  the  contrary,  after  repeated  attacks  of 
ague,  a  peculiar  condition  is  produced,  in  which  the  disease  can  be  brought 
on  by  causes,  such  as  cold  or  dietetic  errors,  which  could  never  have  caused 
it  in  the  first  instance.  The  internal  predisposition  is  greatly  heightened  by 
poor  feeding,  antemia,  and  probably  by  scurvy. 

To  remove  the  internal  causes  our  only  means  at  present  are  the  administra- 
tion of  antiperiodics,  especially  quinine ;  and  good  and  generous  living,  with 
iron  medicines.  The  use  of  flannel  next  the  skin,  and  of  warm  clothing 
generally ;  warm  coffee,  and  a  good  meal  before  the  time  of  exposure  to  the 
malaria,  and  perhaps  moderate  smoking  (?),  are  the  other  chief  measures. 
Wine  in  moderation  is  part  of  a  generous  diet;  but  spirits  are  useless,  and 
probably  hurtful,  unless  given  considerably  diluted. 

Yellow  Fever. 

External  Cause.—Dmixig  the  last  few  years  the  progress  of  inquiry  has 
entirely  disconnected  true  yellow  fever  from  malaria,  though  yellowness  of 
the  skin  is  a  symptom  of  some  malarious  fevers.  Yellow  fever  is  a  disease  of 
cibies  and  of  parts  of  cities,  being  often  singularly  localised,  like  cholera.  In 
the  West  Indies  it  has  repeatedly  attacked  a  barrack  (at  Bermuda,  Trinidad, 
Barbadoes,  Jamaica),  while  no  other  place  in  the  whole  island  was  affected.' 
In  the  same  way  (at  Lisbon,  Cadiz,  and  many  other  places)  it  has  attacked 
only  one  section  of  a  town,  and,  occasionally,  like  cholera,  only  one  side  of  a 
street.  In  the  West  Indies,  it  has  repeatedly  commenced  in  the  same  part  of  a 
barrack.  In  all  these  points,  and  in  its  frequent  occurrence  in  non-malarious 
places,  m  the  exemption  of  highly  malarious  places,  in  its  want  of  relation 
to  moisture  m  the  atmosphere,  and  its  as  evident  connection  with  putrefying 
faecal  and  other  animal  matters,  its  cause  differs  entirely  from  malaria,  i 

If  these  points  were  not  sufiicient,  the  fact  that  the  agent  or  poison  wMch 
causes  yeUow  fever  is  portable,  can  be  carried  and  introduced  among  a  com- 
mumty,2  and  is  increased  in  the  bodies  of  those  whom  it  attacks,  indicates 
that  the  two  agencies  of  yellow  fever  and  paroxysmal  fevers  are  entirely 


AmZ?r.nn  i    •  pngm  of  yellow  fever,  so  long  and  tenaciously  held  by  many 

kZ^Z  ground.    (See  paper  by  Dr.  Perry,  read  before  the 

American  Health  Association,  The  Daily  Picayune, -Nov.  2^  1873.  ) 

vpllmf  f  ^  tt"'  several  others.    The  remarkable  introduction  of 

InnZ  i""  ^i™""  Havannah  into  St.  Nazaire,  in  France  (near  Brest),  is  most  striS  and 
r^pp  A  -i'  ^'^P^,^;"«^laW-    It  .spread  both  from  the  ship,  and,  in  one  instance,  from  ie:'son«, 

tfZ  h  The  introduction  into  Kio  in  1849,  and  into  Monte  Viderare  ^^ 

more  strikmg  cases  of  importation  ;  and  a  case  very  similar  to  that  of  S  NaVni^  nnnnl  i 

a  ^'^^'^  ^«  i^Ve-a,  the  symptoms  of  the  two  diseases  also  are  found  to  bp  rlior^^  4.- 

''remittent?re*cistn^;:!;S 
An  mteresting  instance  of  good  diagnosis  was  made  by  the  Frencli  at  Vera  Cruz  In  1861  In 

2g 
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That  great  point  being  considered  settled,  the  inquiry  into  the  conditions 
of  the  spread  of  yellow  fever  becomes  easier.  The  points  to  seize  are  its  fre- 
quent and  regular  localisation  and  its  transportation.  The  localisation  at 
once  disconnects  it  from  any  general  atmospheric  wave  of  poison  ;  it  is  no 
doubt  greatly  influenced  by  temperature,  and  is  worse  when  the  temperature 
is  above  70°  Fahr.  Though  it  will  continue  to  spread  in  a  colder  air  than 
was  formerly  supposed,  it  does  not  spread  rapidly,  and  appears  to  die  out ; 
but  even  temperature  does  not  cause  it  to  become  general  in  a  place. 

The  localising  causes  are  evidently  (cases  of  Lisbon,  Gibraltar,  West  indies, 
&c  )  connected  with  accumulation  of  excreta  round  dwellings,  and  overcrowd- 
ing    Of  the  former  there  are  abundant  instances,  and  it  is  now  coming  out 
more  and  more  clearly  that,  to  use  a  convenient  phrase,  yellow  fever,  Uke 
cholera  and  typhoid  fever,  is  a  fsecal  disease.    And  here  we  find  the  explana- 
tion of  its  localisation  in  the  West  Indian  barracks  in  the  olden  time.  Round 
every  barrack  there  were  cesspits,  often  open  to  sun  and  air.    Every  evacu- 
ation of  healthy  and  sick  men  was  thrown  into  perhaps  the  same  places. 
Grant  that  yellow  fever  was  somehow  or  other  introduced,  and  let  us 
assume  (what  is  highly  probable)  that  the  vomited  and  f cecal  matters  spread 
the  disease,  and  it  is  evident  why,  in  St.  James'  Barracks  at  Trinidad,  or  St. 
Ann's  Barracks  at  Barbadoes,  men  were  dying  by  dozens,  while  at  a  little 
distance  there  was  no  disease.    The  prevalence  on  board  ship  is  as  easily 
explained.     Granted  that  yellow  fever  is  once  imported  into  the  ship,  then 
?he  conditions  of  spread  are  probably  as  favourable  as  in  the  most  crowded 
city  :  planks  and  cots  get  impregnated  with  the  discharges,  ^hich  may  even 
find  their  way  into  the  hold  and  bilge.    No  one  who  knows  how  difficult  it 
fs  to  help  such  impregnation  in  the  best  hospitals  on  shore,  and  who  remem- 
be  s  the  imperfect  arrangements  on  board  ship  for  s  ckness,  will  doubt  this. 
Then,  in  many  ships,  indeed  in  almost  all  in  unequal  degrees,  ventilation  is 
TTinst'imDerfect,  and  the  air  is  never  cleansed.  ,   .      .       .i,  4. 

0v^^l7^mg,^nd  what  is  equivalent,  defective  ventilation,  is  another  great 
piiKiliarv  •  and  Bonei  relates  several  striking  instances  ^ 

The  Q  u;stion  of  the  origin  of  yellow  fever  is  one  which  cannot  be  considered 
in  fht  ?olume%nd  at  present  no  preventive  rules  of  importance  can  be  drawn 

'Thfchfirp'Tveniive  measures  for  the  external  cause  are  these 

1  The  Portability  being  proved,  the  greatest  care  should  be  taken  to  prevent 
1.  |tie  portaDiiity       p  P        '       o  ^^^^      infected  ship. 

Ccrs~e'^^^^^^^  it  quite  uncertaia  what  period  of 

ship  thoroughly  cleansed     Still  it  appears  tnat  1  «  condition, 

>  For  example,  in  tl,e  same  bairack,  J'J^;,"™  Jto  have  ease?  ot  the  disease  v.l.e,. 
leeward  rooms  attacked.    Meu  in  tlie  latter  irnj  e  cea 

moved  to  the  former  locality,    gee  a  .ffthe  Smj  Medical  Report  for  1862. 

»  See  Aitken'.  Medicine.,  ami  Report  on  Hygiene  m  tne  /i.-  a 
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L'lst  case,  and  even  at  that  time  to  thoroughly  fumigate  the  ship  with  chlorine 
and  nitrous  acid  before  the  cargo  is  touched.  Men  working  on  board  such  a 
ship  should  work  by  relays,  so  as  not  to  be  more  than  an  hour  at  a  time  in 
the  hold.i 

In  case  men  sick  with  yellow  fever  must  be  received  into  a  barrack  or 
hospital,  they  should  be  isolated,  placed  in  the  best  ventilated  rooms  at  the 
top  of  the  house,  if  possible,  or,  better  still,  in  separate  houses,  and  all  dis- 
charges mixed  with  zinc  sulphate  and  zinc  chloride,  and  separately  disposed 
of,  and  not  allowed  to  pass  into  any  closet  or  latrine. 

2.  The  introduction  by  drinking  water  not  being  disproved,  care  should 
be  taken  that  the  possibility  of  this  mode  of  introduction  be  not  over- 
looked. 

3.  Perfect  sewerage  and  ventilation  of  any  station  would  probably  in  great 
measure  preserve  from  yellow  fever,  but  in  addition,  in  the  yellow  fever  zone, 
elevation  is  said  to  have  a  very  great  effect,  though  the  confusion  between 
malarious  fevers  and  the  vomito  renders  the  evidence  on  this  point  less 
certain,  and  its  introduction  into  Newcastle  in  Jamaica  (4200  feet),  and 
its  frequent  occurrence  at  Xalapa  (4330  feet),  as  well  as  its  prevalence  on  hio-h 
points  of  the  Andes  (9000  feet)  (A.  Smith),  show  that  the  effect  of  mere 
elevation  has  been  overrated.  Still,  as  a  matter  of  precaution,  stations  in  aU 
yellow  fever  districts  should  be  on  elevations  above  2000,  and  if  possible 
3000  feet. 

4.  If  an  outbreak  of  yellow  fever  occur  in  a  barrack,  it  is  impossible  then 
to  attempt  any  cleansing  of  sewers  ;  the  only  plan  is  to  evacuate  the  barracks 
ihis  has  been  done  many  times  in  the  West  Indies  with  the  best  effects  As 
a  preventive  measure,  also,  evacuation  of  the  barracks,  and  encampment  at 
some  little  distance,  is  a  most  useful  plan.  Before  the  barrack  is  reoccupied 
every  possible  means  should  be  taken  to  cleanse  it;  sewers  should  be 
thoroughly  flushed ;  walls  scraped,  limewashed,  and  fumigated  with  nitrons 
acici._  it  a  barrack  cannot  be  altogether  abandoned,  the  ground  floors  should 
be  disused.  There  are  several  instances  in  which  persons  living  in  the  lowest 
story  have  been  attacked,  while  those  above  have  escaped. 

5.  In  all  buildings  where  sick  are,  or  where  yellow  fever  prevails,  there 
should  be  constant  fumigation  with  nitrous  acid,  which  seems  to  be,  as  far  as 
we  know,  the  best  disinfectant  for  this  disease. 

6.  If  it  appears  on  board  ship,  take  the  same  precautions  with  regard  to 
evacuations,  bedding,  &c.  Treat  all  patients  in  the  open  air  on  deckfif  the 
weather  permit;  run  the  ship  for  a  colder  latitude ;  land  all  the  sick  as  soon 
as  possible,  and  cleanse  and  fumigate  the  ship. 

Internal  ttmu-Eecent  arrival  in  a  hot  country  has  been  usually  assigned 
?nvLnTf '  confusion  between  true  yeUow  fever  and  severe  febriciila 

araent  fever  or  causus)  and  malarious  fevers,  renders  it  uncertain  how  far 
this  cause  operates.2  Still,  as  a  matter  of  precaution,  the  present  plan  of 
three  or  four  years'  Mediterranean  service  before  passing  to  the  West  Indies 
^eems^rable,  although  this  has  been  questioned  by  some  experienced 

disin^I^tToT^  w^'  ?f^-)<=?»si<lers  quarantine  useless,  and  advises  a  most  rigorous  system  of 
qrSr  se^^^  Of  yellow  fever  "t.roug^f 

Ss  ZnV"  f'^"'""^  regiments,  four  occurred  in  less  than  six  mSrafLr  lan;iin 

that  i!-  /'"'^^?  ^'^  two  in  less  than  twenty-four  montlT  But  it  w 

pro  enf  ± -''/il"^,"  P^"""'  though  it  may  secure  against  the  ye  ow  feveJ  of  tLf  h  '^^^^^ 

tinn„l  1  -^u"!*  'another  locality.    It  if  much  to  be  wkhp?l  fl,«f  i      "^"^^  ""^ 
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olficers.  Different  races  possess  the  peculiar  habit  which  allows  the  external 
cause  to  act  in  very  different  degrees ;  this  is  marked  in  the  cases  of  negroes^ 
and  mulattoes  as  compared  with  white  men,  but  even  in  the  European  nations 
it  has  been  supposed  that  the  northern  are  more  subject  than  the  southern 
nations.    Of  the  sexes,  women  are  said  to  be  less  liable  than  men. 

This  predisposition  is  increased  by  fatigue,^  and  it  is  said,  especially  when 
combined  with  exposure  to  the  sun  ;  by  drinking,  and  by  improper  food  ot 
any  kind  which  lowers  the  tone  of  the  body. 

No  prophylactic  medicine  is  known  ;  quinine  is  quite  useless. 

Little,  therefore,  can  be  done  to  avert  the  internal  causes,  except  care  in 
not  undergoing  great  fatigue,  temperance,  and  proper  food.  The  external 
conditions  are  the  most  important  to  attend  to. 

Dengue. 

This  disease,  which  has  attracted  much  attention  of  late  years,  appears  to 
bear  some  relation  to  yellow  fever,  not  in  its  pathological  characters,  but  in 
the  time  of  its  appearance  and  geographical  distribution.  It  has,  however, 
prevailed  in  Asia,  where  yellow  fever  has  hitherto  been  unknown  in 
E<TVPt  (according  to  Vauvray)  it  is  seen  at  the  time  of  the  date-harvest  and 
is  known  as  "  date  fever."  In  other  parts  of  the  world  it  has  been  attributed 
to  vecretable  emanations.  Although  its  symptoms  are  those  of  blood-poison- 
incr  it  may  be  doubted  if  this  is  due  to  vegetable  emanations  only.  Dr  -J. 
Christie  2  thinks  that  the  Dengue  of  the  Eastern  and  the  Dandy  fever  of  the 
Western  Hemisphere  are  varieties  of  the  same  disease,  produced  m  the  one  case 
bv  the  virus  of  yellow  fever,  and  in  the  other  by  that  of  cholera,  modified  by 
local  conditions  of  an  insanitary  kind,  chiefly  decomposition  of  l^o^ies  im- 
properly interred.  He  suggests  general  hygienic  measures,  and  especially 
improved  methods  of  burial,  as  the  best  preventives. 

Cholera. 

External  Gause.-k.  in  the  case  of  yellow  fever,  we  ^^J^^^^^^/.f^^^^^^^^^^^^^^ 
to  the  orio-in  of  cholera,^  and  in  some  respects  the  propagation  of  the  disease 
s  verv Tnl^^^^^^  The  way,  for  example,  in  which  the  disease  has  spread 
ovlr  vast  re^^^^^^^^  and  has  then  entirely  disappeared,^  and  the  mode  in  which 
it  s  em  to  develop  and  decline  in  a  locality,  in  a  sort  of  regular  order  and 
at  certain  seasons,  are  facts  which  we  can  only  imperfectly  explaim 

Eut  as  far  as  'preventive  measures  are  concerned,  the  researches  of  late 
vears  seem  t  havrgTven  us  indications  on  which  we  are  bound  to  act,  though 
they  are  based  only  on  a  partial  knowledge  of  the  laws  of  spread  of  this 
poison. 

rS'ptS/orthe  disease,  i.e.,  the  carriage  ot  cholera  f^m  one 
,      ♦     ?,„Vw  w  nersons  ill  with  the  disease,  both  in  the  earliest  stage 

other  origins  proposed  by  Hallier  &c  autumnal  cholera,  however  much  it  may 
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cence.i  The  carriage  by  healthy  persons  coming  from  infected  districts  is 
not  so  certain;  but  there  is  some  evidence.^  It  is  clear  this  last  point  is  a 
most  important  one,  in  which  it  is  desirable  to  have  more  complete  evidence. 
The  occasional  carriage  by  soiled  clothes,  though  not  on  the  whole  common, 
has  also  evidence  in  its  favour.  All  these  points  were  atlirmed  by  the 
Vienna  Conference  of  1874.  Even  Pettenkofer  admitted  that  man  is  the 
carrier  of  the  disease  germ,  although  the  locality  may  be  the  means  of 
rendering  it  potent.  On  the  other  hand,  Dr  J,  M.  Cuningham  ^  makes  a 
tabula  rasa  of  everything,  denies  the  transportability  of  the  disease  either  by 
persons  or  by  water,  and  says  there  is  a  mysterious  factor  still  to  be  sought 
for.    His  evidence,  however,  cannot  be  considered  as  conclusive. 

Whatever  may  be  the  final  opinion  on  all  these  points,  we  are  bound  to  act 
as  if  they  were  perfectly  ascertained.  It  is  usually  impossible  to  have  rigid 
quarantines ;  for  nothing  short  of  absolute  non-communication  would  be 
useful,  and  this  is  impossible  except  in  exceptional  cases.  For  persons  very 
slightly  ill,  or  who  have  the  disease  in  them  but  are  not  yet  apparently  ill,  or 
possibly  who  are  not  and  will  not  be  ill  at  all,  can  give  the  disease,  and 
therefore  a  selection  of  dangerous  persons  cannot  be  made.  Then  as  the 
incubative  stage  can  certainly  last  for  ten  or  twelve  days,  and  there  are  some 
good  cases  on  record  where  it  has  lasted  for  more  than  twenty,  it  is  clear  that 
quarantine,  unless  enforced  for  at  least  the  last  period  of  time,  may  be  useless. 
The  constant  evasions  also  of  the  most  strict  cordon  render  such  plans  always 
useless.  An  island,  or  an  inland  village,  far  removed  from  commerce,  and 
capable  for  a  time  of  doing  without  it,  may  practise  quarantine  and  preserve 
itself;  but,  in  other  circumstances,  both  theory  and  actual  experience  show 
that  quarantine  fails.*  M.  Fauvel  ^  beheves  that  the  quarantine  measures 
adopted  in  the  Eed  Sea  have  been  instrumental  in  preventing  the  spread  of 
cholera  to  Eiu'ope  on  three  separate  occasions,  namely,  1872,  1877,  and  1881. 

This  difficulty,  however,  of  carrying  out  efficient  isolation  is  no  argument 
against  taking  every  precaution  against  communication,  and  keeping  a  strict 
watch  and  control  over  every  possible  channel  of  introduction.  In  this  way, 
by  isolation  of  the  individual,  or  of  bodies  of  men,  as  far  as  possible,  and  by 
looking  out  for  and  dealing  with  the  earliest  case,  an  outbreak  may  perhaps 
be  checked,  especially  by  discovering  the  diarrhoeal  attacks,  and  by  using 
dismfectants  both  to  the  discharges  and  to  hnen.^  In  the  case  of  troops 
commg  from  infected  districts  they  should  be  kept  in  separate  buildings  for 


1  With  respect  to  convalescence,  the  only  evidence  is  apparently  that  given  by  Volz,  quoted 
by  Hirsch,  Jahresb.  fur  ges.  Med.,  1868,  Band  ii.  p.  221.  ,.4uubeu 

Especially  in  the  Mauritius  outbreaks,  where  parties  of  coolies  coming  from  places  where 
hnH  L^P^'T't  but  being  themselves  healthy,  gave  cholera  to  other  parties  of  coolies  who 
ntn^ITy    ■  ^'^"^      ^'^^'^'^  '''"^^g  tbem.    Dr.  Leith  Adams  (^Army  Medical 

Slri  r       ^\  bis  excellent  Report  on  Cholera  in  Malta,  states  :  "There  are  many 

bv^m,  r  "b^^^bat  cholera  may^be  introduced  and  communicated  to  susceptible  persons 
by  healthy  individuals  from  infected  districts." 

-(Vwil/i  Anniuxl  Report  of  the  Sanitary  Commissioner  with  the  Government  of  India 
nn^rlnf."'''''^"!^*^''^^^  are  favourable  (as  respects  trade  and  intercourse),  however,  good 
C  nr  ^  even  on  the  mainland.    This  was  shown  in  ^Algeria  in  1861 

ChoUra  deimi  %^rt^^^  Measures  de  Preservation  prises  d  Batna  [Algerie]  pendant  Ic 
SLttlnlnVinf.  f  1    ^'  interesting  account  of  those  successful  measures  of 

Br  wf  1  ^^X^  constant  hygienic  measures  were  the  principal.    So  also  in  America 

fhat^th^Zl'VV'  ^^'T^""  ^'  Surgeon-Geniral's  Office,  Washin^tm  ,  Sri 

nr,  L  1  ^  ^^^}  t'^nor  of  army  experience  is  strongly  in  favour  of  quarantine."  OuamnthiP 
SsrTan'''Tn''T?:^'^"'S  ^1"""  Conference,  Ik  recommende^d  on  the  Red  Sea  aiiS  the 

for  I  rt?;  J  ^"^"P^,'  bowever,  only  rigorous  inspection  was  recommended,  with  various  ruW 
tor  preventing  spread  as  much  as  possible.  '         ^anous  rules 

*  Revue  d'HygiSne,  vol.  iv.  1882,  p.  754. 

1  he  Indian  Government  are  now  cautiously  attemptin<'  to  limit  the  <»nrpn,1  r.f  , 
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twenty  days,  and  ordered  to  use  only  the  latrines  attached  to  them,  in  which 
disinfectants  should  be  freely  used. 

2.  The  introduction  of  the  disease  into  any  place  by  persons  is  considered 
by  most  observers  to  be  connected  with  the  choleraic  discharges,  either  when 
newly  passed,  or,  according  to  some,  when  decomposing.    The  reasons  for  this 
are  briefly  these:  the  portability  being  certain,  the  thing  carried  is  more 
likely  to  be  in  the  discharges  from  the  stomach  aud  bowels  than  from  the  skin 
or  breath  (the  urine  is  out  of  the  question),  and  for  these  reasons  :  Water 
can  communicate  the  disease,  and  this  could  only  be  by  contamination  with 
the  discharges ;  water  contaminated  by  discharges  has  actually  given  the 
disease,  as  in  Dr.  Macnamara's  cases ;  in  some  cases  a  singularly  local  origin 
is  proved,  and  this  is  nearly  always  a  latrine,  sewer,  or  receptacle  of  discharges, 
or  a  soil  impregnated  with  choleraic  evacuations  ;  soiled  linen  has  sometimes 
given  it,  and  this  is  far  more  likely  to  be  from  discharges  than  from  the  per- 
spiration ;  animals  (white  mice  and  rabbits)  have  had  cholera  produced  in 
them  from  feeding  on  the  dried  discharges.    Finally,  in  the  history  of  the 
portability  of  cholera,  there  are  many  instances  in  which,  while  there  has 
been  decided  introduction  by  a  diseased  person  into  a  place,  there  has  been  no 
immediate  relation  between  that  person  and  the  next  case ;  in  other  words,  the 
cause  must  be  completely  detachable  from  the  first  case,  and  must  be  able  to 
act  at  a  distance  from  his  body ;  it  is  therefore  far  more  probable  that  the 
discharges  are  this  carrying  agency,  than  that  any  eflfluvia  should  pass  oH  from 
the  luno-s  and  skin  which  could  spread  to  a  great  distance. 

Enough  has  been  said  to  show  that  the  discharges  must  receive  the  most 
careful  attention.  Every  discharge  ought  to  be  disinfected  with  strong  sub- 
stances liberally  used ;  the  best  are  carbolic  acid  (in  large  quantity),  per- 
chloride  of  iron,  chloride  of  zinc,  chloride  of  lime,  or,  if  none  of  these  are  at 
hand,  good  quicklime.  Although  the  results  of  disinfection  of  the  discharges 
have  not  hitherto  been  encouraging,  the  plan  has  seldom  been  completely 
tried.  All  latrines  should  be  disinfected,  sewers  flushed,  carbolic  acid  poured 
down  them,  aud  every  means  taken  to  keep  them  ventilated. 

What  should  be  done  with  the  disinfected  discharges?    Should  they  be 
allowed  to  pass  into  sewers,  or  buried  in  the  ground?    They  must  m  some 
way  be  got  rid  of.    Sewers  certainly  afford  an  easy  mode  of  disposing  of 
them  •  and  as  the  discharges  are  mixed  with  much  water,  and  are  rapidly 
swept  away  in  them,  and  as  the  temperature  of  the  sewers  is  low,  and 
decomposition  is  delayed,  it  is  quite  possible  that  sewers  may      a  rneans  of 
freeing  a  town  from  choleraic  discharges  more  easily  than  any  other  plan 
And  it  appears  to  be  a  fact,  that  in  the  well-sewered  towns  -  f  ^g 
cholera  of  1865  and  1866  never  attained  any  wide  spread.    In  Munich,  n 
?he  cholera  epidemic  of  1873,  the  well-sewered  parts  of  the   own  had  on  y 
one-half  the  sickness  and  mortality  of  the  others,  which  were  either  miperfect  y 
drained  or  not  at  all.i        large  towns,  also,  there  are  no  other  means  of  di^ 
pos^^f  of  tSe  discharges.    But  may  not  sewers  be  a  means  of  d-seminatmV 
and  thu'.  as  in  some  outbreaks  of  enteric  fever,  be  a  source  of  danger  1  And 
a'ain  when  ewerage  is  poured  over  land,  as  it  w  11  be  soon  t^roug^iout  all 
Sand  are  we  quite  sure  that  no  choleraic  effluvia  wil  pass  off,  or  tha  the 
ehollS^^^t^^ 

Silva,  and  Dr.  Banking)  to      Madras  Go^a.^jli^^^ 
deal  of  important  evidence  on  this  point,  and  in  addition  lays 
management  of  pilgrimages.  ,    .    „  ri.  i  ti  54  1882. 

1  Boyka,  DcuLhe  VierUj.f.  Off.  Gf.,  Band  xiv.  Heft  J- P-^J  f°^j^  j,^       Pgrkes'  Report 

bnt  still  there  is  very  little  evidence  on  this  point. 


CHOLERA. 


471 


kofer  supposes  is  the  case  1  There  are  no  facta  to  enable  us  to  decide,  but 
the  possibility  of  mischief  arising  in  this  way  should,  at  any  rate,  make  us 
still  more  urgent  in  the  use  of  disinfectants  to  all  discharges. 

Again,  as  to  disposal  in  the  earth,  if  Pettenkofer  is  correct,  that  a  loose 
moist  earth  is  the  place  where  the  supposed  germ  of  cholera  acquires  its 
power,  the  last  place  we  should  put  a  choleraic  discharge  would  be  the  earth ; 
and  there  would  be  even  an  argument  against  the  use  of  the  earth  plan  of 
dealing  with  sewage.  Still,  as  there  is  much  to  be  said  against  Pettenkofer's 
views,  and  as  in  small  towns  and  villages  there  is  only  the  alternative  of 
allowing  the  discharges  to  pass  into  cesspools  or  streams,  or  to  be  disposed 
of  in  the  earth,  it  would  seem  to  be  the  safest  course  to  deeply  bury  all 
disinfected  discharges,  care  being  taken  to  place  them  at  a  distance  from 
houses  and  from  sources  of  water  supply.  Another  plan  would  be  to  mix 
them  with  sawdust  and  burn  them. 

That  linen  and  bedding  should  be  carefully  disinfected,  needs  no  argument. 
In  some  English  towns  all  cholera  clothing  has  been  burnt,  but  whether 
this  measure  is  necessary  or  not  is  uncertain.  But  thorough  steeping  and 
boiling  before  washing  is  essential,  as  washerwomen  have  certainly  suffered 
in  many  cases. 

3.  The  introduction  of  the  agent  by  the  medium  of  the  air  is  generally 
admitted,  on  the  plea  that  cases  occur  in  which  any  other  mode  of  entrance  is 
impossible.  It  is  also  held  by  some  that,  existing  in  the  air,  it  can  be  carried 
for  great  distances  by  winds ;  and  some  observers  indeed  believe  this  to  be  its 
usual  mode  of  transit,  though  this  opinion  appears  opposed  to  all  we  know 
of  its  spread. 

Without  attempting  to  decide  the  point  or  to  state  the  limits  of  the  trans- 
mission, it  is  a  matter  of  prudence  to  act  as  if  the  winds  did  carry  the  poison. 
The  Indian  rule  is  to  march  at  right  angles  to  the  wind,  and  never  against  it 
or  with  it  if  it  can  be  avoided.  The  spreading  by  the  winds  in  India  has 
been  usually  ascribed  to  the  custom  of  throwing  all  the  cholera  evacuations  on 
the  ground ;  there  they  get  dried,  and  then  are  lifted  by  the  wind  and  driven 
to  other  parts.  This  seems  probable,  but  no  decided  proof  has  been  given ; 
and  an  argument  against  it  may  be  raised  on  the  difficulty  of  accounting  for 
the  immunity  of  adjacent  places  if  such  transmission  were  common.  So  also 
the  use  of  ^rial  disinfectants  in  cholera  is  rendered  imperative  by  the  chance 
that  the  cause  may  be  in  the  air.  The  use  of  sulphur  fires  has  been  advo- 
cated and  tried  in  India,  apparently  with  good  effect  (Crerar).  The  Vienna 
Conference  affirmed  transmission  by  the  air,  but  only  to  a  short  distance, 
and  never  faster  than  man  travels.  They  also  recognised  the  great  safeguard 
afforded  by  deserts,  as  the  disease  has  never  been  known  to  be  imported  into 
Egypt  or  Syria  across  the  desert  by  caravans  from  Mecca. i 

4.  The  occasional,  perhaps  frequent,  introduction  by  water  seems  certain. 
It  was  unanimously  affirmed  at  the  Vienna  Conference,  even  by  Pettenkofer, 
who  has,  however,  since  abandoned  this  view.  It  is  a  good  plan  always  to 
change  the  source  of  supply,  to  use  rain  water  if  no  other  fresh  source  is  pro- 
curable ;  and  in  every  case  to  boil,  and  filter,  and  to  use  also  potassium  per- 
manganate.^    It  remains  yet  uncertain  whether  a  water  which  gives  cholera 

1  On  this  point  the  history  of  Cj.lii  is  interesting,  as  cholera  has  never  reached  it  It  is 
separated  on  the  north  from  Peru  uy  the  desert  of  Attacama,  and  from  thp  Argentine  Cou- 
leaeration  on  the  east  by  the  Andes  range,  to  which  circumstances  its  immunity  hitherto  from 
epidemic  diseases  lias  been  ascribed  by  the  inhabitants. 

-  In  the  very  able  Iie2Jort  on  Epidemic  Cholera  in  the  United  States  Army  f Circular  No  f, 
Jf  tL  pr'.*^'"f '  Surgeon-General's  Office,  Washington),  is  what  appears  to  be  a  goo  Unstauce 
wa.?.„f  rS''  '^^"g^^g  the  supply.    At  New  Orleans  rain,  and  in  some  cases  distilled  water 
I^nki  ?  '"'^  instead  of  river  water,  with  the  apparent  effect  of  checking  the  spread  (n  xviiT • 
see  also  the  cases  of  Utrecht  and  Rotterdam,  as  reported  by  Buys-Ballot  ^'     ^  ' 
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is  always  choniically  impure,  or  whether  the  choleraic  matter  may  be  in  so 
small  a  quantity  as  to  be  absolutely  indetectable.  In  the  two  cases  examined 
by  Dr.  Parkes  in  which  the  water  was  the  cause,  it  was  highly  impure.  In 
India  it  is  now  ordsredthat  all  the  water  should  be  boiled.^ 

5.  The  introduction  by  food  has  been  noted  in  some  cases  (although  the 
Vienna  Conference  decided,  by  1 1  to  7,  that  present  facts  do  not  warrant  a 
decision).  Every  article  of  food,  solid  and  liquid,  should  therefore  be  passed 
in  review,  and  the  cooking  arrangements  gone  over  step  by  step.^ 

6.  The  localisation  of  cholera  is  a  marked  feature  in  its  history.^  It  is 
often  as  marked  as  in  yellow  fever,  and  may  be  confined  to  a  very  small  area. 
At  other  times,  in  India,  the  "tainted  district"  may  be  of  some  extent, 
Yxom  this  fact  of  localisation  arises  the  important  rule  of  always  leaving  the 
locality  when  practicable,  and  in  a  large  town  of  clearing  out  the  house  w^here 
cholera  has  happened.  In  India  the  present  rule  is  to  march  the  men  out 
and  encamp  in  a  healthy  spot  at  some  little  distance,  changing  the  encamping 
ground  from  time  to  time.  On  the  whole,  this  has  acted  well,  and  should  be 
adhered  to,  though  occasionally  it  has  failed,  generally,  however,  it  would  seem, 
from  error  in  choice  of  locality.  The  men  should  be  tented ;  the  tents  should 
be  well  ventilated,  and  often  struck  and  repitched;  an  elevated  spot  should  be 
chosen,  and  damp  and  low  soils  and  river  banks  avoided.  Orders  lay  down 
with  precision  the  exact  steps  to  be  taken  by  a  regiment  when  cholera 
threatens.*  This  rule  of  marching  out  must,  of  course,  be  subject  to  some 
exceptions.  It  has  been  advised  that  it  should  not  be  done  in  the  rainy  season 
in  India.  This  must  depend  on  the  locality.  It  appears  sometimes  to  have 
answered  well,  even  in  heavy  rains  ;  but  in  other  cases  the  rains  may  be 
too  heavy.  No  absolute  rule  can  be  laid  down;  but  the  circumstances 
which  are  allowed  to  set  aside  the  grand  rule  of  evacuation  of  a  tainted 
place  should  be  unequivocal. 

In  connection  with  cha  nge  of  locality,  the  opinions  of  Pettenkofer  should 
be  borne  in  mind.  Pettenkofer  believes  that,  of  all  conditions,  the  effect  of 
soil  is  the  most  important.  It  is  necessary,  then,  to  consider  particularly 
the  nature  of  the  soil  where  the  fresh  camps  are  to  be  placed,  and  to  select 
perfectly  dry  and,  if  possible,  pure,  impermeable,  uncontaminated  soils,  and  to 
prevent  the  cholera  discharges  from  percolating  through  the  ground. 

7.  Men  sick  from  cholera  are  also  best  treated  in  well-ventilated  tents, 
whenever  the  season  admits  of  it.    Even  in  cold  countries,  up  to  the  end  of 


1  0  C  C  No  192,  clause  53.  Forster  of  Breslau  (Die  Verhreitung  der  Cholera  durch 
die  Brunnm  1873)  urges  two  recommendations  which  he  thinks  will  prevent  cholera  m  the 
fuLfe-ir  Lead  to  every  town,  even  if  at  great  cost,  abundant  and  pure  water,  as  indeed 
;t"dU  he'^says  mucl/better'2000  years^go  than  now  2nd  Protect  the  g™^ 
contamination  in  any  way  from  excrement,  and  banish  all  cesspits.  The  ground  must  be 
absolntelv  pure,  and  this  can  only  be  if  all  ftecal  matter  is  removed  to  a  distance. 

Srweather's  Delia  case  in  the  Sanitmy  Report  of  the  Punjab  lor  lb/1;  also 
mvAn  in  Ttpnort  on  Hveiene,  in  the  Army  Medical  Re23ort,  vol.  xiu.  {lot 6). 
°  rL?<^eon  R  CuIIcmS^^   Medical  Gazette,  1st  July  1873)  notices  a  very  singular  case 

''SEildings  are  purified  by  scraping  and  washing  walls  with  hot  causf  Hm^^^^^^^  boUing 

punkah  fringes,  ropes,  curtains,  &c.,  and  using  chloride  of  1" J. '^^^/^'^^..^^^^^^^ 

are  purified  by  being  fumigated  with  either  clilonne.  nitrous  acid  or  sul]^^^^^ 

exposed  to  tl/e  weather  for  ten  days.    Kailway  carnages,  f  .        f^^^^        whiSSSl  of 

cholera,  are  purified  by  washin-  with  boiling  water  containing  in  each  gall^^^^^    Vf  STare 

carbolic  acid,  and  burning  sulphur  in  the  closed  •^•^'•"''^S<^%1°  5°"itni  f G  C  , 

moved  by  rail,  they  are  not  to  use  latrines,  but  trenches  are  to  be  dug  for  them  (U.  U.  o.  l., 

No.  193). 


CHOLERA. 


October  or  the  middle  of  November,  tents  can  be  used  if  properly  warmed. 
In  India  it  should  be  a  rule  to  treat  every  cholera  patient  in  a  tent,  as  far  as 
circumstances  permit  it. 

Internal  Cmises. — General  feebleness  of  health  gives  no  jDredisposition,  nor 
is  robust  health  a  safeguard;  some  even  have  thought  that  the  strongest  men 
suffer  most.  Great  fatigue,  and  especially  if  continued  from  day  to  day, 
greatly  predisposes;  of  this  there  seems  no  doubt. ^  No  certain  influence  has 
yet  been  traced  to  diet,  although  it  has  been  supposed  that  a  vegetable  diet 
and  alkalinity  of  the  intestinal  contents  may  predispose.  It  does  not  appear 
that  insufficient  diet  has  any  great  effect,  though  there  is  some  slight  evidence 
that  scurvy  increases  the  mortality,  and  perhaps  the  predisposition.  2  The 
strictest  temperance  does  not  preserve  from  attacks  ;  but  every  one  agrees  that 
spirits  are  no  protection,  and  that  debauchery  increases  liability. 

Of  pre-existing  diseases,  it  has  been  supposed  that  cardiac  affections  and 
pulmonary  emphysema  predispose ;  the  evidence  is  very  unsatisfactory.  If 
Beale's  observations  be  correct,  post-mortem  examinations  often  show  previous 
affection  of  the  villi  and  mucous  membranes  of  the  intestines  generally;  but 
it  is  very  desirable  there  should  be  more  proof  of  this. 

Diarrhoea  predisposes,  and  any  causes  which  lead  to  diarrhoea,  especially 
impure  water,  dietetic  errors,  &c.,  should  be  carefully  looked  after. 

With  regard  to  prophylactic  measures  (except  in  respect  to  proper  diet,  free 
ventilation,  and  pure  water)  nothing  has  been  yet  made  out.  Quinine  has 
been  recommended,  and  should  certainly  be  given,  especially  in  malarious 
countries,  as  it  is  a  fact  that  the  choleraic  poison  and  malaria  may  act 
together,  and  even  give  a  slight  periodical  character  to  choleraic  attacks,  which 
IS  never  seen  in  non-malarious  districts,  and  is  therefore  merely  grafted  on 
choleja.  Peppers,  spices,  &c.,  have  been  used ;  but  there  is  no  good  evidence 
respectmg  them.  All  diarrhoea  should  be  immediately  checked,  and  this  is 
well  known  to  be  the  most  important  point  connected  with  the  prevention  of 
the  mternal  causes.  The  universal  order  in  India  is,  that  any  man  going 
twice  m  one  day  to  the  latrine  should  report  himself;  and  non-commissioned 
officers  are  usually  stationed  at  the  latrines  to  watch  the  men.  The  reason  of 
this  rule  should  be  fully  explained  to  the  men.  In  two  attacks  of  cholera  in 
India,  Dr.  Parkes  found  it  almost  impossible  to  get  the  men  to  report  them- 
selves properly ;  the  slight  diarrhoea  of  early  cholera  is  so  painless  that  they 
thmk  nothing  of  it.3  In  England  and  Germany  house  to  house  visitation  has 
been  found  very  useful.* 


ciuctldTn  ITfi^l  T^'-'^Tf}}^  f '°t^  ?^l«"g  "i^^ehes.  See  Ortoii,  Lorimer,  and  Tlioni, 
quoted  m  Bnt.  and  For.  Med.  Chir.  Rev.,  July  1848,  pp  85-87 

cut  Pearce  and  Shaw  "On  the  Cholera  of  the  Jail  at  Cali- 

cut,  Madras  Medical  Journal,  J  uly  1863. 

of  /nS  ^  ^i^l^i^«°^'«  ^^^eful  little  pamphlet  on  the  Hygiene 

of  ch^S-'Zpv^in'if.^"  l^een  attached  to  the  meteorological  condition  attending  outbreaks 

1  Tl-P^P?""  *°      ^ery  important,  except  in  two  or  three  cases. 

the«!tnT^o?i  ''^^1'  temperature  favours  the  spread  by  increasing  the  putrefaction  of 

at  a  low  t^mnt  f  ^"g^t^ting  generally  the  impurity  of  the  air.  When  choleri  has  prevaUed 
i;a'posIiw7bee^iiVjl'?  ^''^  "  temperature  below  freezing),  the  drinking  y^Z 

epLn -^i;;:  t^eTb^fconSecf  °'  ^^^^^  -  ^^'^l-a 

bab'lv  hv'irj^  ^ri  ^ltV. -Combined  with  heat,  this  seems  an  accessory  cause  of  importance  Dro 

SsbePn  rin*''°T''''°"-  the  ground,  combined  with  heatS^Se  Jofl  W 

always  been  recognised  as  an  aiding  cause  of  gi-eat  importance.  '  ^ 

4.  Dryness  of  Air  seems  decidedly  to  check  it. 

0.  yteiTi  sometimes  augments,  sometimes  checks  it.    This  nerhans  dpnPurlQ  m, 
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TijphiLS  Exanthemtiticus  (Spotted  Ty2jhuii). 

External  Cause. — An  animal  poison,  origin  unknown,  but  communicable 
•from  person  to  person,  probably  through  the  excretions  of  the  skin  and  lungs 
lioating  in  the  air.    ]S'ot  known  to  be  communicated  by  water  or  food.  Its 
spread  and  its  fatality  are  evidently  connected  with  overcrowding  and  debility 
of  body  from  deficient  food.    That  it  can  be  produced  by  overcrowding 
is  yet  uncertain.!    The  preventive  measures  may  be  thus  shortly  summed 
up  : — Adopt  isolation  2  of  patients  ;  use  the  freest  ventilation  (5000  to  6000 
cubic  feet  per  head  per  hour  or  more) ;  evolve  nitrous  acid  and  chlorine  fumes ; 
thoroughly  fumigate  with  sulphurous  acid,  heat  (to  220°  Fahr.),  wash,  and 
expose  to  air  all  bedding  (including  mattresses)  and  clothes.    This  last  point 
is  extremely  important.    In  fact,  it  may  be  said  that,  for  the  prevention  as 
well  as  treatment  of  typhus,  the  cardinal  measures  are  abundance  of  pure  air 
and  pure  water.    Whenever  practicable,  treat  all  typhus  patients  in  tents,  or 
wooden  huts  with  badly-joined  walls,  not  in  hospitals.    Fumigate  tents  and 
scrape  and  limewash  huts,  and  remove  earth  from  time  to  time  from  the  floors. 
A  number  of  typhus  patients  should  never  be  aggregated;  they  must  be 
dispersed ;  and  if  cases  begin  to  spread  in  an  hospital,  clear  the  ward,  and 
then,  if  the  disease  continues,  the  hospital  itself;  then  wash  with  chloride  of 
lime,  and  then  limewash  or  scrape  walls  and  floors,  and  thoroughly  fumigate 
with  nitrous  acid.    It  has  been  often  shown  that  even  exposure  to  weather, 
bad  diet,  and  insufiicient  attendance  are  less  dangerous  to  the  patients  than 
the  aggregation  of  cases  of  typhus. 

Internal  Causes.— A.  special  condition  of  body  is  necessaiy,  as  in  the  case 
of  smallpox,  and  one  attack  protects  to  a  great  extent  from  another,  ihe 
nature  of  the  internal  condition  is  unknown;  but  general  feebleness  from  bad 
diet,  overwork,  exhaustion,  and  especially  the  scorbutic  taint,  greatly  increase 
the  intensity  of  the  disease  in  the  individual,  and  perhaps  aid  its  spread. 
These  conditions,  then,  must  be  avoided.  But  the  strongest  and  best  health 
is  no  guarantee  against  an  attack  of  typhus. 

Bubo  or  Oriental  Plague  (Pali  Plague  in  IncUay 

The  preventive  measures  should  be  the  same  as  in  typhus,  to  which  this 
disease  shows  great  analogy.  The  history  of  the  plague  at  Cairo  (from  whi^^^^ 
it  has  been  now  banished  for  many  years,  simply  by  improving  the  ventila- 

6  Movement  of  Air.-li  is  certainly  worst  in  the  stagnant  atmospheres,  as  in  the  cases  of 
'1'%^°:'tr.retci,  either  in  its  presence  or  absenee  (Sclrultze,  Yoltotine,  De  Wethe, 

Chauffard,  Academie  de  Medicme).  ,^nt5pn+  iii  a  secarate  building,  not  in  another 

2  By  the  term  isolation  is  meant  the  plac  ng  a  pat^^^^^^  S'     ^^^^  ^^.^^^ 

room  in  the  same  buikliug  ;  m        ^^^^^  ^J^^^^iSendS  If  a  room  mist  be  ^loseu 

isolation,  though  sometimes  successful,  cannot  be  t^eP""'^;;         .  ^^^^ 

same  bifilding,  choose  the  top  story  >  Jim^^^^^^^^  ^'^  ^^•"'i'^""^ 

3  The  Pali  plague  (Maha  Murree  ,  ^^'^  u^nt.Ts^RaXn  and  othei-s),  and  was  some  years 
propagated  by  the  filthy  habits  oi  the  inhabitants  (see  J^"';"'^^^^  ,vere  neglected,  iuid 
igo  almost  entirely  got  rid  of  by  sanitary  "measures.  Subsequently^  has  pointed  out  that  the 
the  disease  returned":  It  has  now  again  greatly  lessened.  H^^^  ^  i„  this  it 
Pali  ])lague  differs  from  the  Egyptian  plague  "\1»^^"'S.^  nSdi  in  fact,  considers  it 
resen  bles  the  black  death  in  the  fourteenth  century,  with  which  Uu-^lu, 


identical. 
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tion  of  the  city),i  and  the  clisapj)eai'ance,  after  sanitary  improvements,  of  the 
Pali  plague  in  India,  and  its  recurrence  on  the  cessation  of  preventive 
measures,  show  that,  like  typhus,  the  bubo  plague  is  easily  preventible. 
Elevation,  as  in  so  many  other  specific  diseases,  has  a  considerable  effect ; 
the  village  of  Alum  Dagh,  near  Constantinople  (1640  feet  above  the  sea), 
and  freely  ventilated,  has  never  been  attacked;  the  elevated  citadel  of  Cairo 
has  generally  been  spared ;  and  when  Barcelona  was  attacked,  the  elevated 
citadel  also  escaped. 

Typhoid  or  Enteric  Fever. 

External  Cause. — A  poison  of  animal  origin;  one  mode  of  propagation  is 
by  the  intestinal  discharges  of  persons  sick  of  the  disease ;  other  modes  of 
origin  and  transmission  are  not  disproved.  There  is  doubtless  a  frequent 
transmission  of  the  disease  by  the  diarrhoea  of  mild  cases  which  are  often  not 
diagnosed.  There  is  some  evidence  that  persons  considered  convalescent  may 
carry  the  disease,^  but  it  is  possible  that  this  may  have  been  owing  to  badly 
washed  clothes.  The  mode  of  entrance  into  the  body  is  both  by  air  and 
water.  Entrance  by  food  (milk)  has  been  lately  also  proved.  As  means  of 
arresting  the  disease,  isolate  the  patients;  receive  all  evacuations  (faeces  and 
urine)  into  the  vessels  strictly  kept  for  one  sick  person ;  place  zinc  chloride, 
or  ferrous  sulphate,  or  carbolic  acid,  &c.,  in  the  vessels;  never  empty  any 
evacuation  into  a  closet,  sewer,  or  cesspool ;  bury  it  several  feet  deep,  and 
mix  it  well  with  earth.  Fumigate,  and  heat  to  220°  Fahr.,  all  clothes  and 
bedding.  As  means  of  prevention,  attend  especially  to  the  purity  of  the 
drinking  water,  and  to  the  disposal  of  sewage  ;  although  the  origin  of  typhoid 
merely  from  putrefying  non-typhoid  sewage  is  not  considered  at  present  to 
be  probable,  it  is  not  disproved,  and  it  is  certain  that  the  disease  may  spread 
by  the  agency  of  sewers  and  faecal  decomposition.  A  single  case  of  typhoid 
fever  should  at  once  be  held  to  prove  that  something  is  wrong  with  the  mode 
of  getting  rid  of  the  excretions.  If  neither  water  nor  sewers  can  be  proved 
to  be  in  fault,  consider  the  milk  and  other  food  supply. 

Internal  Causes.— As  a  first  attack  preserves  in  a  great  measure  from  a 
second,  a  peculiar  condition  of  body  is  as  essential  as  in  smallpox  ;  and  look- 
ing to  the  special  effect  produced  on  Peyer's  patches,  and  to  the  fact  that  at 
the  period  of  life  when  these  patches  naturally  degenerate,  the  susceptibility 
to  typhoid  fever  materially  lessens,  or  even  ceases,  it  seems  possible  that  the 
internal  cause  or  necessary  second  condition  is  the  existence  of  these  patches, 
the  structures  in  which  are  brought  into  an  abnormal  state  of  activity  by  the 
direct  or  indirect  action  of  the  poison  on  them.  The  other  internal  causes 
are  anything  which  causes  gastro-intestinal  disorder,  such  as  bad  water,  and 
general  feebleness. 

Relapsing  Fever, 

No  preventive  measures  have  been  yet  pointed  out,  but  the  occurrejice  of 
the  disease  m  times  of  famine  seems  to  indicate  that  feebleness  and  inanition 
are  necessary  internal  causes. 

Bilious  Remittent  Fevers. 
Under  this  vague  term,  a  disease  or  diseases,  which  in  many  points  are 


1  Stamm,  in  Pappenlieim's  BeitrUge,  1862-3,  p.  80.    The  measiirpQ  irlnr^+Ari  ir,  n.- 
levelling  son.e  luflocks,  which  stopped  the  air  Iron  blowinTovr  he  cSy  fi  L^^^^  T"" 
marshes  and  adopting  a  better  mode  of  burial.    The  peculia? sepulture  custon^s  oThJ  C^,"' 
have  indeed  even  been  assigned  as  the  sole  cause  of  the  origin  of  ilugue  ^^^^ 
Gietl.,  Die  Vrsachen  der  enteriscJien  Tyjpkus  in  Milncficn,  1865,  pp  74  and  94 
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like  relapsing  fever,  but  yet  are  not  identical  (Marston),  have  been  described 
as  occurring  especially  in  Egypt  (Griesinger),  and  in  the  Levant  generally. 
It  has  also  been  described  by  Drs,  Marston  and  Boileau  ^  at  Malta.  The  exact 
causes  are  not  known;  but  in  some  of  the  writings  of  the  older  army 
surgeons,  the  fevers  which  are  produced  by  foul  camps  (in  addition  to 
typhoid)  appear  to  have  a  close  resemblance  to  the  biUous  remittent  fevers  of 
the  Mediterranean.  They  appear  to  be  connected  with  bad  sanitary  condition>s, 
but  their  exact  causation  is  not  clear. 


Cerebrospinal  Meningitis. 

This  disease,  which  has  occasionally  been  noticed  in  France,  and  especially 
among  soldiers  for  the  last  half  century,  has  within  late  years  appeared  m 
several  parts  of  Germany,  and  a  few  cases  among  civilians  have  occurred  in 
England.  It  seems  to  depend  on  a  specific  agent,  but  very  little  is  yet 
known  about  it.  It  does  not  appear  to  be  contagious.  No  preventive 
measures  can  be  at  present  suggested. 

The  Eruptive  Fevers. 

Smallpox  is  guarded  against  in  the  army  by  repeating  vaccination  m  the 
case  of  recruits,  and  by  occasional  re-vaccination  of  all  the  men  m  a  regiment. 
In  the  statistical  reports,  great  attention  is  always  paid  to  this  important 
point,  and  the  evidence  from  foreign  armies  prove  the  necessity  of  caretui 

re- vaccination.  ,    ,   -u-     \  •  i. 

If  the  disease  does  occur,  isolations  (in  separate  buildings)  is  most 
important,  but  the  aggregating  of  a  large  number  of  cases  together  ought  to 

^""in  the^case  of  scarlet  fever  and  measles,  nothing  definite  is  known  with 
regard  to  prevention,  except  that  a  good  sanitary  condition  seems  to  lessen 
their  intensity,  and  probably  their  spread.  The  ^^'^dence  with  regard  to 
belladonna  in  scarlet  fever  is  contradictory  but  on  the  ^^l^^l^J^^^J^J^^^^^ 
All  the  discharges  should  be  disinfected,  and  the  skm  well  rubbed  over  with 
camphorated  oil  and  a  little  weak  carbolic  acid 

The  most  difficult  case  is  when  either  measles  or  scarlet  f^^^r  appea  s  on 
board  ship,  and  especially  if  children  are  on  board.    If  the  weather  permit 
The  best  pkn  is  the'n  to  tLat  all  patients  on  the  upper  deck  under  an  awnmg 
If  this  cannot  be  done  (and  scarlet  fever  patients  must  not  be  exposed  to 
coldH^^^^^         he  isolated  as  much  as  possible.    Both  in  scarlet  fever  and 
lallpox  there  is  some  evidence  to  show  that  the  incubative  period  may  be 

""'perSs  in  the  present  state  of  evidence,  it  might  be  desirable  to  try  the 
prophyl^^^^^^^^^^  of  belladonna  on  board  ship,  directly  the  first  case 


occurs. 


Erysipelas  (Hosintal  or  Epidemic). 

memo,  aa..e.--U  is  -U  known  that  in  IXZi^t^^l^^^ 

erysipelas  occasionally  occurs,  and  then  may  oe  T^idu^   i  

1  Army  Med.  Reports,  vols.  iii.  f  u'l/iii-  „  isolation  iu  the  case  of  Cheltenham, 

2  Buchinan  gives^a  good  example  °  ^h e  of  proper  hospital 
where  smallpox  was  introduced  into  the  town  six  t™e&       ,  i 

accommodation  for  all  classes,  never  made  good  i]S  looung.  ^  ^^^^  .^^  ^ 

a  See  a  case  by  Bryson  (Trans.  Soc  f^''f"f,.f''"^^^  f^^l        scarlet  fever  it  is  said  to  be 
incubative  period  of  smallpox  appeared  to  be  thuty-one  uajs. 
sometimes  even  longei'. 
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patient.  The  exact  causes  of  its  appearance  have  not  been  made  out,  but  it 
is  evidently  connected  with  overcrowding  and  impure  air.  Moisture  of  the 
floors,  causing  constant  great  humidity  of  air,  has  also  been  supposed  to  aid 
it.  It  is  much  more  common  in  fixed  hospitals  than  in  tents  and  huts,  and 
indeed  is  exceedingly  rare  in  the  two  latter  cases.  The  agencies  or  agent 
can  scarcely  be  supposed  to  be  other  than  putrefying  organic  matter  and  pus 
cells  passing  into  and  accumulating  in  the  air,  or  organisms  developed  in 
connection  with  them.  It  is  remarkable  that  pus  cells  derived  from  purulent 
sputa  do  not  cause  erysipelas  in  medical  wards,  but  this  may  be  from  a  want 
of  open  wounds  to  give  the  necessary  personal  condition. 
.  When  hospital  erysipelas  had  once  appeared  in  a  Avard,  nothing  will  avail 
except  complete  clearance  of  the  ward,  scraping  the  floors,,  and  often  the 
walls,  washing  with  chloride  of  lime,  and  then  with  solution  of  caustic  lime, 
and  thorough  fumigation  with  chlorine  and  nitrous  acid  alternately.  The 
erysipelatous  cases  should  be  placed  in  well-ventilated  tents. 

Considering  the  undoubted  beneficial  influence  of  tent  life,  it  may  be  a 
question  whether,  even  in  civil  life,  hospitals  which  possess  gardens  should 
not,  during  the  summer,  treat  their  surgical  cases  with  suppurating  wounds 
in  the  tents. i  In  many  continental  towns  the  large  hospitals  have  now 
wooden  huts  attached  to  them,  in  which  the  surgical  cases  are  treated. 

Of  course,  extreme  care  in  conservancy  of  wards  or  tents,  the  immediate 
removal  of  all  dressings,  great  care  in  dressing  wounds,  so  that  neither  by 
instruments,  sponges,  lint,  or  other  appliances,  pus  cells  or  molecular  organic 
matter  shall  be  inoculated,  are  matters  of  familiar  hospital  hygiene.  The 
use  of  carbolic  acid  and  other  antiseptics,  as  introduced  by  Professor  Lister, 
will,  it  is  hoped,  greatly  lessen  the  chances  of  spread  in  the  case  of  erysipelas 
as  well  as  of  hospital  gangrene.  2 

Internal  Causes. — Nothing  is  known  on  this  point,  except  that  there  must 
be  some  abrasion  or  wound  of  the  surface  or  of  the  passages  near  the  surface, 
iis  the  vagina  or  throat.  The  erysipelas  commences  at  the  point  of  abrasion! 
If  there  is  no  open  wound,  the  atmospheric  impurity  seems  to  have  no  bad 
efi'ect  on  the  persons  who  are  exposed  to  it,  but  it  would  be  interesting  to 
know  if  some  forms  of  internal  disease  are  not  produced.  Is  it  possible  that 
some  forms  of  tonsillitis  and  diphtheritic-like  inflammation  of  the  throat  may 
be  caused  in  this  way,  although  there  is  no  solution  of  continuity  ? 

Hospital  Gangrene. 

Almost  the  same  remarks  apply  to  hospital  gangrene  as  to  erysipelas.  One 
■ot  the  most  important  facts  which  has  been  pointed  out  by  many  writers  and 
which  has  been  thoroughly  proved  by  the  American  and  the  Italian  wars,  is 
that  perfectly  free  ventilation  prevents  hospital  gangrene.  Hammond,  the 
late  burgeon-General  of  the  United  States  Army,  declares  ^  that  only  one  in- 
stance has  come  to  his  knowledge  in  which  hospital  gangrene  has  originated 
m  a  wooden  pavihon  hospital,  and  not  one  which  has  occurred  in  a  tent 
Kraus  also  from  the  experience  of  the  Aiistrians  in  1859,  states  that  it  never 
could  be  discovered  that  gangrene  originated  in  a  tent.  On  the  contrarv 
cases  ot  gangrene  at  once  commence  to  improve  when  sent  from  hospital  wards 

1  i.^.l?'''"^™-'^''*  Hygiene,  1863;  Kraus'  Das  Krankenund  Zerstreuunas-Svstem  IRril  •  o,  i 
a  Report  ou  Hygiene,  by  Dr.  Parkes,  in  the  Army  Medical  Jierinrt  fn/isfi')  *  i^'  '  ^"'^ 
tents  on  erysipelas  and  hospital  gangrene.  ^  ^  -^""^^  ^""^  effects  ol' 

-  I  was  informed,  in  Munich,  that  Lister's  system  lias  comnletclv  Kn«,-<ji,nri  ^ 
f«m^that  City,  and  I  believe  the  »,„e  re.,/l.  ha,  1  JnTlSf  IHS  iX^^ 

^  Hygiene,  p.  .397. 
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into  tents.  On  the  otliev  hand,  the  tenacity  with  which  the  organic  mattere 
causing  the  gangrene  adhere  to  walls  is  well  known. 

The  measures  to  be  adopted  in  wards  when  hospital  gangrene  occurs,  and 
the  ward  cannot  he  at  once  evacuated,  are  the  same  as  for  erysipelas.^  It  is 
not  necessary  to  do  more  than  allude  to  the  undoubted  transference  by  dirty 
'sponges,  &c.,  and  to  the  beneficial  effects  of  antiseptic  dressings. 


SECTION  II. 

VARIOUS  NON-SPECIFIC  DISEASES. 

Dysentery  and  Diarrhoea. 

At  present  there  is  no  evidence  that  the  dysentery  arising  from  various 
causes  has  different  anatomical  characters,  or  runs  a  different  course,  except 
perhaps  in  the  case  of  malarious  dysentery.    The  chief  muses  are — 

1 .  Impure  Water. — Both  Annesley  and  Twining  have  directed  attention 
to  this  cause,  in  their  accounts  of  Indian  dysentery.  It  is  scarcely  possible 
that  w^ith  common  attention,  this  cause  should  not  be  discovered  and  removed. 

2. '  Impure  Air. — The  production  of  dysentery  and  diarrhoea  from  the 
effluvia  of  putrefying  animal  substances  is  an  opinion  as  old  as  Cullen,  and 
probably  older ;  and  there  seems  little  doubt  of  its  correctness.  The  gasea 
and  vapours  from  sewers  also  will,  in  some  persons,  cause  diarrhrea ;  and 
also  effluvia  from  the  foul  bilge-water  of  ships. 2  On  the  other  hand,  very 
disa^^reeable  effluvia  from  many  animal  substances,  as  in  the  case  of  bone- 
burners  fat-boilers,  &c.,  do  not  seem  to  cause  diarrhoea.  In  India  there 
anpears'to  be  a  decided  relation  between  the  prevalence  of  dysentery  and 
overcrowdincv  and  want  of  ventilation  in  barracks  ;  massing  a  large  number 
of  men  together  is  certainly  an  accessary  cause  of  great  weight.^ 

The  air  from  very  foul  latrines  has  caused  dysentery  m  numerous  cases. 
Princde,  and  many  other  army  surgeons,  record  cases.^  In  vjar  this  ]^  one 
of  the  iLost  common  causes.  The  occasional  procluctmn  of  dysentery  from 
sewage  applied  to  land,  seems  to  be  proved  by  Clouston  s  observations  on 
the  cause  of  the  attack  of  dysentery  m  the  Cumberland  Asylum.^  StiU 
sewage  matter  has  been  often  applied  in  this  way  without  bad  effects. 
In  Dr  Clouston's  case  the  sewage  was  300  yards  from  the  ward  where  the 
dvsentery  occurred.  Calm  and  nearly  stagnant  nights,  or  with  b.  gmtle 
movement  of  air  from  the  sewage  towards  the  ward,  were  the  conditions 
Av'hiVb  nreceded  most  of  the  attacks.  .     .    ,  , 

Of  all  the  organic  effluvia,  those  from  the  dysenteric  stools  appear  to  be 
the  wo  St.  Some  evidence  has  been  given  to  show  hat  dysentery  arising 
from  a  simple  cause  (as  from  exposure  to  cold  and  wet),  when  it  takes  on  the 
gangrenoS^^^^  and  the  evacuations  are  very  fcBtid,  produces  dysentery  m 

1      ,„+,-r<T,c  oiinw  tint  rme  of  tlie  external  causes  is  foetid  organic 
'  ''<^jr7^.tM7I^^^^^  states,  thatin  1859  the  mortality 

emanations.    Spencer  vv  eus  \iu     J, rii.ooctiue  room.    On  removing  all  the  cases  after 

'^,Airof^£^T::itxSiiSt^^^  ^^^^  ^^pp^ri"-  -^'^^ 

menced  after  a  gale  at  sea  had  stirred  up  the  oii.S^'J^^'^.  °  toJ-T  _  °a!^  „t 

"I  Wood  .Uhe//mi»»/A-«"f~  ,,perie™e  in  the 

fe'S  wt         falT-d  Zt4  *i  »me  trench  a,  .  lie.  T„, 

disappeared  when  another  was  diig. 
5  Medical  Times  and  Gazette,  June  IbbD. 
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those  who  use  the  latrines,  ov  unclean  closets,  into  which  such  gangrenous 
evacuations  are  passed.  If  correct,  this  is  a  most  interesting  point,  as  it  seems 
to  show  the  origin  of  a  communicable  poison  de  novo.  Possibly,  in  all  these 
cases,  effluvia,  or  organic  matters,  or  particles  disengaged  from  the  putrefying 
evacuations,  act  at  once  on  the  anus,  and  the  disease  then  spreads  up  by  con- 
tinuity. 

There  is  some  reason,  also,  to  think  that  retaining  dysenteric  stools  in 
hospital  wards  spreads  the  disease;  and,  perhaps,  in  this  case,  the  organic 
particles  floating  up  may  be  swallowed,  and  then  act  on  the  mucous  membrane 
of  the  colon.  In  the  epidemic  of  dysentery  in  Sweden  in  1859,  there  was 
good  evidence  to  show  that  it  spread  by  means  of  the  diarrhoeal  and 
xlysenteric  evacuations.^  In  all  cases  the  stools  must  be  mixed  with 
disinfectants,  and  immediately  removed  from  the  wards  and  buried. 

3.  Improper  Food. — Any  excess  in  quantity,  and  many  alterations  in 
quality  (especially  commencing  decomposition  in  the  albuminates,  and,  perhaps, 
the  rancidity  of  the  fatty  substances)  cause  diarrhoea,  which  will  pass  into 
dysentery.  But  the  most  important  point  in  this  direction  is  the  production 
of  scorbutic  dysentery.  A  scorbutic  taint  plays  a  far  more  important  part  in 
the  production  of  dysentery  than  is  usually  imagined,  and  there  is  now  na 
doubt  that  the  fatal  dysentery,  which  formerly  was  so  prevalent  in  the  West 
Indies,  was  of  this  kind.  Much  of  the  Indian- dysentery  is  .also  often 
scorbutic. 

4.  Exposure  to  Cold  and  Wet  —Exposure  to  cold,  especially  after  exertion^ 
and  extreme  variations  of  temperature,  have  been  assigned  as  the  chief  cause 
of  dysentery  by  numerous  writers great  moisture  has  been  assigned  by 
some  writers  (Twining,  Annesley,  Griesinger)  as  a  cause  ;  and  great  "dryness- 
of  the.  air  by  others  (Mouat) ;  while  a  third  class  of  observers  have  considered 
the  amount  of  moisture  as  quite  immaterial. 

■  Hirsch,3  after  summing  up  the  evidence  with  respect  to  the  temperature  with 
great  care,  decides  that  sudden  cold  after  great  heat  is  merely  a  "ca^tsa 
occasionalis "  *  which  may  aid  the  action  of  the  more  potent  cause  of 
dysentery.  This,  probably,  is  the  true  reading  of  the  facts.  The  amount  of 
moisture  m  the  atmosphere  would  appear  to  be  a  matter  of  no  moment. 

Although  we  cannot  assign  its  exact  causative  value,  the  occurrence  of  chill 
IS,  of  ^  course,  as  a  matter  of  prudence,  to  be  carefully  guarded  against ;  and 
especially  chills  after  exertion.  It  is  Avhen  the  body  is  profusely  perspirino- 
and  IS  then  exposed  to  cold,  that  dysentery  is  either  produced,  or  that  othS 
causes  are  aided  m  their  action.  In  almost  all  hot  countries  chilHnc^  of  the 
abdomen  is  considered  particularly  hurtful,  and  shawls  and  waist-bands 
(kummerbund  of  India)  are  usually  M'orn.5 


1  British  aiid  Foreign  Med.  Chir.  Rev.,  Jan.  1866  p  140 
Johmon"^  AnlL?«^  be  noted  ;  Stoll,  Zimmemann,  Huxham,  Durancleau,  Willan,  Irvine,  James 
d?sr.  terV  fs  thP  o^^r  '^V  ^T^^^'l'  '  I'.^^g"^^™.         Fergusson'says  :  True 

Noth  n  J  thnf^^^  ""l  -'"f  *       moisture  ;  of  moist  cold  in  any  shape  after  excessive  heat. 

fu^  1^    I"^        put  into  hun  would  ever  give  hira  true  dysentery." 

^  Handbach  der  Historisch-Geograph.  Pathol.,  Band  ii.  p.  234. 
ir,  t/v  •'^°-°''^"efJ,"  hill  diarrhoea,"  which  was  formerly  prevalent  on  some  of  the  hill  sanitarin 
ind  i^hfrrr^^,^  "'^       ^  Himalayas,  his  been  attributed  to  the  eTct  of  S 

Znl^ni  J  V-*"'^  T^'^^l  "^^^"Ses  of  temperature.    But,  as  remarked  by  Dr.  Alexander  Grant 
many  hill  stations  have  these  atmospheric  conditions  without  having  any  hill  diarrhoea  TheV; 
IS  great  reason  to  .suppose  the  hill  diarrhea  to  be  entirely  unconnected  with  e  S  e1e;ation 
of        o/h  been  clearly  caused  by  bad  water,  possibly  by  susjen  lid  scaled 

Sed    Of^l.r^"'"'''i  r^*?  '  causes  ?ema   ed  luex- 

Mt  ;  .  ;       1  ^ff  ^-        lessened  in  amount  at  all  stations,  and  will  probably  disam^e^^^^^ 
dTsenteri^  ^^rnarkable  circumstance,  that  in  temperate  climates  the  most  common  mon  [is Tor 
^senteric  epidemics  are  tlie  hot  months— June  to  Sentember    Tikino-  Nr!v+i,  a 
J^orthern  and  Western  Europe,  Hirsch  has  assemllodlKrbrel^^^gf'SS,^^^^^ 
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5.  Malaria  has  been  assigned  as  another  ca,u8e;  and  it  was  noticed  especially 
by  the  older  writers,  that  the  dysentery  was  then  often  of  the  kind  termed 
*'  Dijsenteria  Imruenta  "—the  stools  being  copious,  serous,  and  with  little 
blood ;  in  fact,  a  state  somewhat  resembling  cholera. 

Very  great  dilference  of  opinion  has  prevailed  in  regard  to  this  opinion.  ^ 
Possibly  the  "  malarious  dysentery  "  is  in  part  connected  with  the  use  of 
marsh  water.  More  evidence  is  desirable,  certainly,  with  regard  to  this 
point ;  but  it  seems  probable,  from  the  observations  of  Annesley  and  Twining, 
that  marsh  water  has  an  effect  in  this  direction. 

Liver  Diseases  (Indian). 

The  production  of  diseases  of  the  liver  is  so  obscure,  and  so  many  states  of 
hepatic  disorder  are  put  together  under  the  term  "hepatitis,"  that  it  is 
impossible  to  treat  this  subject  properly  without  entering  fully  into  the 
question  of  causes.  But,  as  this  could  not  be  done  here,  we  must  content 
ourselves  with  a  short  summary  of  the  preventive  measures  which  appear  to 
be  of  the  greatest  importance.  _ 

Dr.  Parkes  had  long  been  convinced  that  many  cases  of  hypersemia,  bihous 
tjont^estion,  and  enlargement  of  the  liver,  with  increase  of  cell-growth  and  con- 
nective tissue  (but  without  tendency  to  abscess),  and  enlargement  and  partial 
fatty  degeneration  of  the  liver  cells,  are  caused  simply  by  diet.^  He  had  a 
crood  opportunity  of  observing  this  on  landing  in  India  m  1842  with  an 
European  regiment,^  and  his  later  experience  made  him  certain  that  the 

observation  was  correct.  ,    ,  ^  ^     j  tvt 

Very  similar  opinions  have  been  expressed  by  Macnamara,*  and  ISorman 
Chevers  has  also  pointedly  alluded  to  this  subject.^ 

The  supply  of  food  for  the  soldier  in  India  has  erred  m  two  ways  :  it  is 
too  much  in  quantity,  especially  when  the  amount  of  exercise  is  limitei 
Macnamara  has  calculated  that  each  European  soldier  in  Bengal  consumed  (at 
the  time  he  wrote  in  18-55)  76  ounces  of  soUd  {i.e  water-contaimng)  food 
daily,  so  that  there  must  have  been  an  excess  of  all  the  dietetic  principles. 
Then  in  every  case,  there  was  added  to  this  a  very  large  amount  of  condi- 
ments TspTces  and  peppers),  articles  of  diet  which  are  fitted  for  the  rice  and 
veretaWeTet  o^th'e  ^Findi,  but  are  particularly  objectionable  for  European^^ 
In  the  West  Indies,  where  the  diet  has  never  been  so  rich  m  condiments, 
liver  diseases  have  always  been  comparatively  infrequent. 

Some  orders  for  improving  the  cooking  m  India  were  issued  by  Lord 
St  athnaim  and  if  these  were  carried  out,  and  if  medical  officers  would 
thofouXly  investigate  the  quantity  of  food  taken  by  the  men  and  compare 
It  wTth^Si  w^^^^^^  examine  into  the  cooking,  it  is  quite  certain  that  many 
f  aqes  of  dvspepsia  and  hepatitis  would  be  prevented-  ,  ,   c  . 

In  cases  not  simply  of  hyper^emia  and  bilious  congestion,  but  ofabscess.  it 
is  proSe  that  a  ceilin  number  are  consecutive  to  dysentery,  and  are  caused 

m  summer  ;  228  in  andautum.  ;  lOHn^t^  ^^^S^' 

This  does  not  look  as  if  co  d  had  any  e fleet    ^1  e  heat^M^^™^  great  authority  was 

■  1  The  very  varying  opinions  f « J  ^^^J^^^  J  .^^,2^^^^^^^^      liere,  as  in  many  other  cases, 

■  altogether  against  the  presumed  action  "J  ^  non-malarious  dysentery, 
we  shall  have  to  draw  .a  complete  '^f^'^^^^^^l^l'^^^^^^  the  influence  of  diet  in 

In  the  great  and  admirable  "^oiks  of  Ranald  much  too  lightly.  Annesley, 

producing  liver  aifections,  though  alluded  to,  hab  '^f  P^'^'t  °  ^f^^^    (vol.  i.  p.  192). 
L  the  other  hand,  has  fully  re^^g^li^^^^  ^'y/^^'^/S  f  ^y  E  X  SS  m.B^  1846,  p.  228 

.  V^Xl^r.  Troops  in  India,"  MiaM,  1858,  p.  109.    It  is  particularly 

.  vecommended  that  this  chapter  should  be  carefully  perused. 
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by  the  absorption  of  putrid  matters  from  the  intestine/  which  are  arrested  bv 
the  liver,  and  there  set  up  sui^puration.  There  is  no  true  pygemia  or  in- 
flammation of  the  venaportjB  as  a  rule.  When  caused  by  phlebitis  or  special 
affection  of  the  vena  portse,  the  suppuration  is  in  the  course  of  the  vena  portie, 
or  at  any  rate  commences  there.  The  reason  why  some  cases  of  dysentery 
cause  abscess  and  others  do  not,  is  uncertain.  The  prevention  of  this  form 
of  abscess  is  involved  in  the  prevention  of  dysentery. 

In  other  cases  of  abscess,  however,  there  is  no  antecedent  dysentery,  but 
there  are  collections  of  pus  or  foetid  debris  somewhere  else,  which  act  in  the 
same  way  by  allowing  absorption.  There  are,  however,  other  cases  in  which 
no  such  causes  have  been  pointed  out,  and  the  genesis  of  these  cases 
of  abscess  remains  quite  obscure.  Much  effect  has  been  attributed  to  the  in- 
fluence of  sudden  changes  of  temperature;  to  the  rapid  supervention  of  an 
exceedingly  moist  and  comparatively  cold  air  on  a  hot  season,  whereby  the 
profuse  action  of  the  skin  is  suddenly  checked ;  and  to  the  influence  of 
malaria  But  the  extraordinary  disproportion  of  cases  of  abscess  in  different 
parts  ot  ttie  world  seems  to  negative  all  these  surmises. 

One  fact  seems  to  come  out  clearly  from  Dr.  Waring's  observations,  viz , 
that  recent  arrival  m  India  is  favourable  to  the  occurrence  of  abscess,  and  that 
(all  kmds  of  abscesses  being  put  together)  50  per  cent,  occur  in  men  under 
three  years  service,  m  length  of  residence,  however,  confers  perfect  im- 
mumty.  It  would  be  very  important  to  determine  whether  the  effect  of 
recent  arrival  is  marked,  both  in  cases  of  abscess  consecutive,  and  in  those 
anterior,  to  dysentery. 

It  is  possible,  also,  that  some  entozoic  influence  may  be  at  work  esioeciallv 
m  some  parts  of  India,  and  hydatid  disease  of  the  liJ  or  otZiseZ  oT^ 
same  class  may  be  more  common  than  is  supposed 

In  the  absence  of  perfect  knowledge,  great  care  in  preserving  from  chills 

Insolation. 

Under  this  convenient  term,  a  number  of  cases  are  put  together  which  seem 
to  be  produced  by  one  or  more  of  the  following  causes  — 


2  H 
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punity,  provided  (a)  it  is  not  too  long  continued ;  (b)  that  the  dress  be 
reasonably  adapted  to  the  temperature ;  (c)  that  the  free  movement  of  the 
chest  be  not  interfered  with." 

Internal  Causes. — It  is  only  known  that  spirit  drinking,  even  in  moderation, 
powerfully  aids  the  external  causes  of  insolation ;  even  wine  and  beer  probably 
have  this  effect.  Tea  and  coffee,  on  the  other  hand,  probably  lessen  the 
susceptibility. 

A  full  habit  of  body,  or  any  tendency  to  fatty  heart  or  emphysematous 
lungs,  have  been  supposed  also  to  predispose. 

It  seems  certain  that  any  embarrassment  of  the  pulmonary  circulation  aids 
the  action  of  the  heat,  and  therefore  the  most  perfect  freedom  from  belts  and 
tight  clothes  over  the  chest  and  neck  is  essential. 

Great  exhaustion  from  fatigue  aids  the  action,  either  from  failure  of  the 
heart's  action  or  want  of  water.  In  this  case  diffusible  stimuli,  such  as 
ammonia,  tincture  of  red  lavender,  tincture  of  cardamoms,  &c.,  with  strong 
coffee,  are  the  best  preventives.  Spirits  should  not  be  given,  unless  the  ex- 
haustion be  extreme,  and  the  diffusible  stimuli  cannot  be  obtained.  A  smaU 
quantity  in  hot  water  may  then  be  tried. 

Cold  baths,  and  especially  cold  douching  to  the  head  and  spine,  are  most 
useful  as  preventive  as  well  as  curative  measures. 

Phthisis  Pulmonalis. 

In  respect  of  causes,  we  must  distinguish  those  usually  rapid  cases  of  tuber- 
culosis which  arise  from  hereditary  constitutional  causes,  or  from  the  influence 
of  exanthemata  (especially  measles),  or  of  typhoid,  or  other  fevers,  and  which 
run  their  course  with  implication  of  several  organs  at  an  early  stage,  and  the 
more  chronic  forms  of  phthisis,  in  which  the  lung  in  adults  is  the  first  seat 
of  the  disease,  and  other  organs  are  secondarily  affected.  Several  distinct 
diseases  are  confounded  under  the  one  term  of  phthisis,  and  it  is  therefore  not 
possible  at  present  to  trace  out  their  precise  origin.  .    •  . 

Takino-  only  the  common  cases  of  subacute  or  chronic  phthisis,  it  has  been 
abeady  intimated  that  most  European  armies  have  been  found  to  furmsh  an 

undue  proportion  of  such  cases.i  ,     ^    ^  t  ^  ^■^  ■  • 

A  few  years  ago  much  influence  was  ascribed  to  food  as  a  cause  ot  pMiiisis , 
the  occurrence  of  a  sort  of  dyspepsia  as  a  forerunner  (though  this  does  not 
seem  very  common),  and  the  great  effect  of  the  treatment  by  diet  (by  cod-liver 
oil),  seemed  to  show  that  the  fault  lay  in  some  peculiar  malnutrition,  which 
affected  the  blood,  and  through  this  the  lungs.  «.  ,  . 

Probably  there  is  truth  in  this;  but  of  late  years  the  effects  of  condi  ions 
which  influence  immediately  the  pulmonary  circulation  and  the  lungs  them- 
Telves  have  attracted  much  attention.  The  effect  of  want  of  exercise  (no 
doubt  a  highly  complex  cause,  acting  on  both  digestion  and  circulation)  and 
of  mpure  air,  have  been  found  to  be  very  potent  agencies  in  causing  phthisis 
and^onversely,  the  conditions  of  prevention  and  treatment  which  have  seemed 
most  Sul  aS  nutritious  food  and  proportionate  great  exercise  m  tlie  free  and 
Ten  ah>  So  important  has  the  last  condition  proved  to  be,  that  it  would 
anneal  tha  ern  considerable  exposure  to  weather  is  better  than  keeping 
pELa^  p^^^^^^^^^  close  rooms,  p'ro^dded  there  be  no  bronchitis  or  tendency 
to  pneumonia  or  pleurisy. 


1  There  are 


re  two  valuaHe  pieces  of  evidence  of  phgisica^^^^^^^^^ 

a  healthy  population  from  impure  air,  viz  Mr.  ^JTgr/»fS^^^    aase  of  Western 


Canada,  given  by  Mr.  Mackeleave  {Mcdiad  Times  and  Gazette,  Aug.  leoe;. 
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Three  points,  then,  are  within  our  control  as  regards  phthisis — arrangement 
of  food,  exercise,  and  pure  air. 

That  food  shouki  contain  a  good  deal  of  the  nitrogenous  and  fatty  principles 
if  phthisis  is  appreliended.  Milk  has  been  long  celebrated,  and  lately  the 
koumiss  of  Tartary  has  obtained  a  great  reputation  in  Russia  as  an  agent  of 
cure,  and  is  now  a  good  deal  used  (made  from  cow's  milk)  in  this  country. 

Exercise  is  of  the  greatest  importance,  and  it  would  seem  quite  clear  that 
this  must  be  in  the  open  air.  The  best  climates  for  phthisis  are  j)erhaps  not 
necessarily  the  equable  ones,  but  those  which  permit  the  greatest  number  of 
hours  to  be  passed  out  of  the  house. 

In  the  house  itself,  attention  to  thorough  ventilation,  i.e.,-  to  constant, 
though  imperceptible  movement  of  the  air,  is  the  point  to  be  attended  to. 

In  the  case  of  soldiers,  it  must  also  be  seen  that  no  weights  or  straps  impede 
the  circulation  of  blood  through  the  limgs  and  heart. 

The  effect  of  a  wet  subsoil  in  the  causation  of  phthisis  must  not  be  over- 
looked. Whatever  may  be  the  exact  amount  of  truth,  we  are  bound  to  act 
as  if  it  were  certain. 

That  the  syphihtic  disease  of  the  lungs  has  sometimes  a  completely  phthisical 
character  is  tolerably  clear,  but  syphilis  wiU  not  account  for  the  amount  of 
phthisis  in  the  army.  The  influence  of  masturbation  in  producing  phthisis  is 
imcertain. 

The  researches  of  Koch,  and  the  discovery  of  a  supposed  phthisis  Bacillus, 
have  revived  the  notion  of  the  communicability  of  the  disease,  an  idea  long 
held  by  Italian  physicians.  This  would  only  be  a  still  greater  argument  for 
the  freest  ventilation  indoors,  and  for  a  large  part  of  the  patient's  time  being 
spent  out  of  doors.  It  would  also  indicate  the  inadvisability  of  allowing 
healthy  individuals  (especially  children)  to  sleep  with  or  occupy  the  same 
sleeping  rooms  as  phthisical  persons.  It  would  also  be  an  argument  against 
massing  phthisical  patients  together,  although  there  does  not  seem  to  be  any 
du-ect  evidence  of  injury  arising  from  consumption  hospitals,  which  are,  how- 
ever, always  freely  and  carefully  ventilated. 


Scurvy. 

The  peculiar  state  of  malnutrition  we  caU  scurvy  is  now  known  not  to  be 
the  consequence  of  general  starvation,  though  it  is  doubtless  greatly  aided  by 
this.  Men  have  been  fed  with  an  amount  of  nitrogenous  and  "fatty  food 
sufficient  not  only  to  keep  them  in  condition,  but  to  cause  them  to  gain  weight 
and  yet  have  got  scurvy.  The  starches  also  have  been  given  in  quite  suflficient 
amount  without  preventing  it.  It  seems,  indeed,  clear  that  it  is  to  the 
a  ljsence  of  some  of  the  constituents  of  the  fourth  dietetic  group,  the  salts,  that 
we  must  look  for  the  cause. i 

Facts  seem  to  show  with  certainty  that  in  the  diet  wMch  gives  scurvy 
there  is  no  deficiency  of  soda  or  of  iron,  lime,  or  magnesia,  or  of  chloride  of 
sodium,  my  IS  the  evidence  that  salts  of  potash  or  phosphoric  acid  are 
deficient  at  all  satisfactory.  And  when  we  think  of  the  quantity  of 
pJiosphoric  acid  which  must  have  been  supplied  in  many  diets  of  meat,  and 

go'^'i^eal  of  evidence  up  to  1848,  reference  maybe  made  to  a  review  on  Scurw 

se^vntlv?"'i  ^^^^^t'l'-^t  period  ha.s  added  little  to  our  knowledge,  except  to  sSw  that  the^i^?!* 
TZl^  ^  and  curative  powers  of  fresh  meat  in  large  quantities  and  especiallv  >-aw  M  i^^  i 
Arctic  Expedition),  will  not  only  prevent,  but  will  cure  scurvy.    Kane  fmind  the  rnw  5""^  ! 
he  7^1''''/%'^^^"^r;'^^':'-,  recent  evidence  ancf  muehTaluSe  i^^^^^^^^^^^ 
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cerealia,  which  yet  did  not  prevent  scurvy,  it  seems  very  unlikely  that  the 
absence  of  the  phosphates  can  have  anything  to  do  with  it.^ 

The  same  may  be  said  of  sulphur.  Considering  the  quantity  of  meat  and 
of  legmninos£B  which  some  scorbutic  patients  have  taken,  it  is  almost  impos- 
sible that  deficiency  in  sulphur  should  have  been  the  cause. 

By  exclusion,  we  are  led  to  the  opinion  that  if  the  cause  of  scurvy  is  to 
be  found  in  deficiency  of  salts,  it  must  be  in  the  salts  whose  acids  form 
carbonates  in  the  system.  For,  if  we  are  right  in  looking  to  a  deficiency 
in  the  fourth  class  of  alimentary  principles  as  the  cause  of  scurvy,  and  if 
neither  the  absence  of  soda,  potash,  lime,  magnesia,  iron,  sulphur,  or  phos- 
phoric acid  can  be  the  cause,  then  the  only  mineral  ingredients  which 
remain  are  the  combinations  of  alkalies  with  those  acids  which  form  car- 
bonates in  the  system,  viz.,  lactic,  citric,  acetic,  tartaric,  and  malic.  That 
these  acids  are  most  important  nutritional  agents  no  one  can  doubt.  The  salts 
containing  them  are  at  first  neutral,  afterwards  alkaline,  from  their  conversion 
into  carbonates ;  they  thus  play  a  double  part,  and  moreover,  when  free,  and 
in  the  presence  of  albumen  and  chloride  of  sodium,  these  acids  have  pecuHar 
powers  of  precipitating  albumen,  or  perhaps  of  setting  free  hydrochloric  acid. 
Whatever  may  be  their  precise  action,  their  value  and  necessity  cannot  be 
doubted.  Without  them,  in  fact,  one  sees  no  reason  why  there  should  not 
be  a  continual  excess  of  acid  in  the  system^  as  during  nutrition  a  continual 
excess  of  acids  (phosphoric,  sulphuric,  uric,  hippuric)  is  produced,  sufficient, 
even  when  the  salts  with  decomposable  acid  are  supplied,  to  render  all  ex- 
cretions (urinary,  cutaneous,  intestinal)  acid.  The  only  mode  of  supplying 
alkali  to  the  acids  formed  in  the  body  is  by  the  action  of  the  phosphates, 
which  is  limited.  The  only  manufacture  of  alkali  in  the  body  is  the  formation 
of  ammonia,  so  that  these  salts  are  most  important  as  antacids.  Yet  it  is  not 
solely  the  absence  of  alkali  which  produces  scurvy,  else  the  disease  would  be 
prevented  or  cured  by  supply  of  pure  or  carbonated  alkalies,  which  is  not  the 
case. 

When,  in  pursuing  the  argument,  we  then  inquire  whether  there  is  any 
proof  of  the  deficiency  of  these  particular  acids  and  salts  from  the  diets  which 
cause  scurvy,  we  find  the  strongest  evidence  not  only  that  this  is  the  case, 
but  that  their  addition  to  the  diet  cures  scurvy  with  great  certainty.^  They 
will  not,  of  course,  cure  coincident  starvation  arising  from  deficiency  of  food 
generally,  or  the  low  intercurrent  inflammations  which  occur  in  scurvy,  or 
the  occasionally  attendant  purpiu-a,  but  the  true  scorbutic  condition  is  cured 

with  certainty.  u  i, 

Of  the  five  acids,  it  would  appear  unlikely  that  the  lactic  should  be  the 
most  efiicacious.  If  so,  how  is  it  that  in  starch  food,  during  the  digestion  of 
which  lactic  acid  is  probably  formed  in  large  quantities,  scurvy  should  occur  1 
Is,  in  such  a  case,  an  alkali  necessary  to  insure  the  change  of  the  acid  into  a 

carbonate?  ■  .,  .   ,  i.  u  i  ^.i. 

Vinegar  is  an  old  remedy  for  scurvy,  and  acetic  acid  is  known  to  be  botH 


1  Professor  Galloway  of  Dublin,  and  Mr.  Anderson  of  Coventry,  have  lately  written  pam- 
phletJuighS  the  claims  of  potash'and  phosplioric  acid  to  attention,  but  without  bringing  any 
fresh  evidence  of  sufficient  importance  to  support  their  vle^vs 

2  This  was  most  clearly  shown  in  the  last  Arctic  Expedition  (1875-6).    ^li^  r.ations  on  ooara 
shit)  dnrhi-  winter  were  ample,  containing  dried  potatoes  anc  other  vegetables,  preserx  ed 
veg^eta  del  piSes%^^^^^     irliits,  vinegar,  ^nd  a  daily  ration  fj^^.l^"^^' ^^^^^^^^^ 
currants     In  the  sledge  expeditions  all  these  were  cut  off  except  two  ounces  oi  PJjescn  ea 
pratoL;  an  i^aiquate°ratioi  under  any  circumstances.  f  ea^-^^^^S?'^^^^^^^^ 

and  thei^  was,  of  course,  no  fresh  bread.    The  result  wa.s,  that  thi.s  impel tect  ^^'^t,  conjo  neu 
with  most  laborious  work,  produced  a  severe  outbreak  «f  ^^^^^^^^^^^^^J 
the  whole  party.   The  rapidity  with  which  the  sick  recovered,  on  being  supphed  ^Mtll  muo 
juice  and  more  favourable  diet,  was  noticeable  (see  Report,  op.  at.). 
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a  ijreventive  of  (to  some  extent)  and  a  cure  for  scurvy.  But  it  has  always 
been  considered  much  inferior  to  both  citric  and  tartaric  acids.  Possibly,  as 
in  the  case  of  lactic  acid,  an  alkali  should  be  supphed  at  the  same  time,  so 
as  to  enable  the  acid  to  be  more  rapidly  transformed. 

Tartaric  and  (especially)  citric  acids,  when  combined  with  alkalies,  have 
always  been  considered  to  be  the  antiscorbutic  remedies^  par  excellence,  and 
the  evidence  on  this  point  seems  very  complete.^ 

Of  mahc  acid  little  is  known  as  an  antiscorbutic  agent,  but  it  is  well 
worthy  of  extended  trials. 

Deficiency  of  fresh  vegetables  implies  deficiency  in  the  salts  of  these  acids, 
and  scurvy  ensues  with  certainty  on  their  disuse.  Its  occurrence  is,  however, 
greatly  aided  by  accessary  causes,  especially  deficiency  in  food  generally,  by 
cold  and  wet,  and  mental  and  moral  depression. 

The  preventive  measures  of  scurvy  are,  then,  the  supply  of  the  salts  of 
citric,  tartaric,  acetic,  lactic,  and  malic  acids,  and  of  the  acids  themselves,  and 
perhaps  in  the  order  here  given,  and  by  the  avoidance,  if  it  can  be  done,  of 
the  other  occasional  causes. 

Experience  seems  to  show  that  the  supply  of  these  acids  in  the  juices  of 
the  fresh  succulent  vegetables  and  fruits,  especially  the  potato,  the  cabbage, 
orange,  lime,  and  grape,  is  the  best  form.  But  fresh  fruits,  tubers,  roots,  and 
leaves  are  better  than  seeds.  The  leguminos^e,  and  many  other  vegetables, 
are  useless. 

Eresh,  and  especially  raw  meat  is  also  useful,  and  this  is  conjectured  to  be 
from  its  amount  of  lactic  acid;  but  this  is  uncertain. 

The  dried  vegetables  are  also  antiscorbutic,  but  far  less  so  than  the  fresh; 
and  the  experience  of  the  American  war  was  not  so  favourable  to  them  as 
might  have  been  anticipated.  Do  the  citric  and  other  acids  in  the  dried 
vegetables  decompose  by  heat  or  by  keeping  1  It  would  be  very  desirable  to 
have  this  question  settled  by  a  good  chemist.  "We  know  that  the  citric  acid 
in  lemon  juice  gradually  decomposes.  It  does  not  foUow  that  it  should  be 
quite  stable  in  the  dried  vegetables. 

The  measures  to  be  adopted  in  time  of  war,  or  in  prolonged  sojourn  on 
board  ship,  or  at  stations  where  fresh  vegetables  are  scarce,  are — 

1.  The  supply  of  fresh  vegetables  and  fruits  by  all  the  means  in  our  power. 
Even  unripe  fruits  are  better  than  none,  and  we  must  risk  a  little  diarrhoea 
for  the  sake'^of  their  antiscorbutic  properties.  In  time  of  war  evenj  vegetable 
should  be  used  which  it  is  safe  to  use,  and,  when  made  into  soups,  akuost 
all  are  tolerably  pleasant  to  eat. 

2.  The  supply  of  the  dried  vegetables,^  especially  potato,  cabbage,  and 
cauliflowers;  turnips,  parsnips,  &c.,  are  perhaps  less  useful;  dried  peas  and 


It  IS  based  on  a  very  wide  experience,  and  sliould  not  be  set  aside  by  the  statements  of 
men  who  have  seen  only  three  or  four  cases  of  scurvy,  often  complicated,  which  happen  not 
to  have  been  benefited  by  lemon  juice.  The  process  of  preventive  medicine  is  checked  by 
assertions  drawn  from  a  very  limited  experience,  yet  made  with  great  confidence.  We  must 
remember  that  many  cases  of  scurvy  are  complicated— that  the  true  scorbutic  condition,  inani- 
tion, and  low  mflanimation  of  various  organs,  lungs,  spleen,  liver,  and  muscles,  may  be  all 
present  at  the  same  time.  See  paper  by  Dr.  Ralfe,  of  the  Seamen's  Hospital  (1877, 
reprinted  from  the  Lancet).  The  Merchant  Shipping  Act  of  1867  was  soon  foUowed  by  a 
great  decrea.se  of  scurvy  in  our  mercantile  marine ;  but  since  1873  there  has  been  a  steady 
increase,  which  has  been  attributed  by  Mr.  Thomas  Gray  (see  Oflicial  Memorandum  on  Sea 
bcurwj  aml  Food  Scales,  1882)  to  want  of  more  varied  food  scales.    It  may,  however  have 

7ournal  18f2r*  °^  ^"^^         °^  ^  ^^"^S^'^  ^^'^^"^^^        British  Medical 

2  Probably  dried  fruits,  such  as  raisins  and  currants  (which  contain  some  acid  and  veeetable 
salts)  are  useful  as  antiscorbutics.  The  American  pemmican  contains  them,  and  men  are  said 
to  hve  upon  it  for  months  together  without  suffering  from  scurvy.    It  appears  to  have  been 

SIX  mouths.    Other  dried  fruits,  such  as  apples,  would  probably  also  be  efficacious. 
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"beans  are  useless.  As  a  matter  of  precaution,  these  dried  vegetables  should 
bo  issued  early  in  a  campaign,  but  should  never  supersede  the  fresh 
vegetables. 

3.  Good  lemon  juice  should  be  issued  daily  (1  oz.),  and  it  should  be  seen 
that  the  men  take  it. 

4.  Vinegar  (|  oz.  to  1  oz.  daily)  should  be  issued  with  the  rations,  and  used 
in  the  cooking. 

5.  Citrates,  tartrates,  lactates,  and  malates  of  potash  should  be  issued  in 
bulk,  and  used  as  drinks,  or  added  to  the  food.  Potash  should  be  selected 
as  the  base,  as  there  is  seldom  any  chance  of  the  supply  of  soda  being 
lessened.  The  easiest  mode  of  issuing  these  salts  would  be  to  have  packets 
containing  enough  for  one  mess  of  twelve  men,  and  to  instruct  the  men  how 
important  it  is  to  place  them  in  the  soups  or  stews.  Possibly  they  might  be 
mixed  with  the  salt,  and  issued  merely  as  salt.  Lozenges  made  of  critic  acid 
or  desiccated  lime  juice  and  sugar  are  well  worth  a  trial. 

Militaini  Ophthalmia. 

The  term  "  military  [ophthalmia "  is  often  applied  particularly  to  that 
disease  in  which  the  peculiar  grey  granulations  form  on  the  palpebral  coii- 
junctiva.  But  any  severe  form  of  purulent  ophthalmia  spreading  in  a  regi- 
ment is  often  classed  under  the  same  heading.  Diseases  of  the  eyes  are  a 
source  of  very  considerable  inefficiency  in  the  army,  and  even  a  casual  visitor 
to  the  Koyal  Victoria  Hospital  must  be  struck  by  the  large  number  of  men 
he  will  meet  with  who  have  some  aflection  of  the  eyes.  A  reference  to  the 
Army  Medical  Reports  will  also  show  what  great  attention  is  being  paid  to 
this  important  subject  by  military  surgeons,  especially  by  Professor  Long- 

Epidemics  of  military  ophthalmia  (grey  or  vesicular  granulations,  and 
rapid  purulent  ophthalmia),  seem  to  have  been  uncommon,  or  perhaps 
unknown,  on  the  large  scale  in  the  wars  of  the  eighteenth  century. 

The  disease,  as  we  now  see  it,  is  one  of  the  legacies  which  Napoleon  left 
to  the  world  His  system  of  making  war  with  little  mtermission,  rapid 
movements,  abandonment  of  the  good  old  custom  of  winter  quarters,  and 
intermixture  of  regiments  from  several  nations,  seem  to  have  given  a  great 
spread  to  the  disease;  and  though  the  subsequent  years  of  peace  have  greatly 
lessened  it,  it  has  prevailed  more  or  less  ever  since  i^^  the_  French,  Prussian 
Austrian,  Bavarian,  Hanoverian,  Italian,  Spanish,  Belgian,  Swedish,  and 
Eussian  Lrmies,  as  well  as  in  our  own.  It  has  also  been  evidently  propagated 
among  the  civil  population  by  the  armies,  and  is  one  more  heritage  with 
which  clorious  war  has  cursed  the  nations.  last  Egyptian  campaign 

(1882),  which  was  very  short,  does  not  appear  to  have  produced  much 
ophthalmia  among  the  troops  engaged.       .  ,      ,         .      ,  ^-^^^.^ 

In  some  cases,  as  in  the  Danish  army,  it  has  been  absent  mani^^^^^^^^^ 
introduced  (in  1851) ;  in  other  instances  it  has  been  supposed  to  oiigmate 
spont^^^^^^^^^  from  oVercrowding  and  foul  barrack  atmosphere,  and  from 
dX^Tarr^^ 

1  Ophthalmoscopes  are  now  issued  to  the  different  s^^^^^^^^^^ 

has  been  drawn  up  by  Mr.  Longmore  for  the  ^^'t  frank  {Amy 

survey  of  military  ophthalmia  in  the  British  army        ^^J^^^^^^^^  °l30  ^efeiTed  to.  A 

MedicalReport  for  1860)  and  Dr.  Marstmi  Beale  ^ 

very  interesting  paper  has  also  been  PU^ished  by  Jl^;  Jf/^";^^^^^ 

ment),  {Army  Medical  Report,yo\.  v.  p  494,  18^^)  on  the  Ca^^^^^^^ 

Gramdations  at  Malta."    A  warm  nioist  impure  atmosphe^^^^^ 

2  See  Frank's  papers  {Army  Medical  Report  for  18bO,  p.  4Ud;  loi  boi 
spontaneous  origin. 
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find  that  the  question  of  origin  de  novo,  however  important,  need  not  be 
mixed  up  with  that  of  the  necessary  preventive  measures.  What  is  im- 
portant for  us  is  to  know— ^rs^,  that  it  is  contagious,  that  is,  transmissible  ; 
and,  secondly,  that  if  not  produced,  its  transmissibility  is  singularly  aided  by 
bad  barrack  accommodation. 

The  measures  to  be  adopted  if  military  ophthalmia  prevails — 

1.  Good  Ventilation  and  Purity  of  the  Air. — In  the  Hanoverian  army, 
Stromeyer  reduced  the  number  of  cases  in  an  extraordinary  degree,  simply 
by  good  ventilation.  The  only  explanation  of  this  must  be  that  the  dried 
particles  of  pus  and  epithelium,  instead  of  accumulating  in  the  room,  were 
carried  away,  and  did  not  lodge  on  the  eyelids  of  the  healthy  men.  The 
evolution  of  ammonia  from  decomposing  urine  has  also  been  assigned  as  a 
cause,  and  this  would  be  also  lessened  by  good  ventilation. 

It  would  appear  likely  that  bad  barrack  air  predisposes  to  granular  con- 
junctivitis by  producing  some  peculiar  state  of  the  palpebral  conjunctiva  and 
glands  (Stromeyer  and  Frank),  and  if  a  diseased  person  then  introduces  the 
specific  disease,  it  spreads  with  great  rapidity,  or  possibly,  as  Mr.  Welch's 
facts  seem  to  show,  the  impure  atmosphere  is  the  great  cause,  and  contagion 
only  secondary. 

2.  Careful  Ablution  Arrangements. — An  insuJficient  quantity  of  water  for 
cleansing  basins,  and  the  use  of  the  same  towels,  are  great  means  of  spreading 
the  disease,  if  it  has  been  introduced.  Whenever  men  use  the  same  basins, 
they  should  be  taught  to  thoroughly  cleanse  them;  and  it  would  be  well  if, 
in  every  military  ablution  room,  the  men  were  taught  not  only  to  allow  the 
dirty  water  to  run  away,  but  to  refill  the  basin  with  water,  which  the  next 
comer  would  let  off  before  filling  with  fresh  water  for  himself.  If  some 
mechanism  could  be  devised  for  this,  it  would  be  very  useful.  The  same 
towel  is  a  most  common  cause  of  propagation ;  or  a  diseased  man  using  always 
the  same  towel  may  reinoculate  himself.  The  towels  should  be  very  fre- 
quently washed  (probably  every  day),  and  should  be  dried  in  the  open  air, 
never  in  the  ablution  room  or  barrack. 

In  some  cases  special  ablution  arrangements  may  cause  a  good  deal  of 
granular  conjunctivitis.  In  1842  and  1843  Dr.  Parkes  witnessed,  in  a 
regiment  newly  landed  in  India  from  England,  a  very  great  number  of  cases 
of  this  kind.  The  supply  of  water  was  very  insufficient,  many  men  used  the 
same  basins,  which  were  very  imperfectly  cleaned  ;  the  same  basins  were  used 
for  washing,  and  also  for  dyeing  clothes ;  at  that  time  the  men  in  the  cold 
months  wore  trousers  of  a  black  drill,  and  when  the  dye  came  off  they  were 
accustomed  to  rudely  replace  it ;  they  themselves  ascribed  the  very  prevalent 
ophthalmia  to  the  irritating  effect  of  the  particles  of^the  dye  left  in  the  basins, 
and  getting  into  the  eyes.  There  were  enormous  granulations  on  both  upper 
and  lower  lids,  and  the  disease  was  believed  to  be  communicable,  but 
whether  the  affection  was  strictly  to  be  classed  with  the  vesicular  granulations 
IS  not  known. 

3  In  some  cases  the  use  of  the  bedding  (pillows  and  pillow  cases),  which 
has  been  used  by  men  with  grey  granulations,  has  given  the  disease  to  others, 
and  this  has  especially  occurred  on  board  transports.  In  time  of  war 
especiaUy  this  should  be  looked  to.  If  any  cases  of  ophthalmia  have  occurred 
on  board  ship,  all  the  pillows  and  mattresses  should  be  washed,  fumicrated 
and  thoroughly  aired  and  beaten.  The  transference  has  been  in  this  case 
direct,  particles  of  pus,  &c.,  adhering  to  the  pillow  and  mattresses,  and  then 
getting  into  the  eyes  of  the  next  comers. 

_  4.  Immediately  the  disease  presents  itself,  the  men  should  be  completelv 
isolated,  and  allowed  to  have  no  communication  with  their  comrades.    It  has 
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been  a  great  question  whether  a  Government  is  justified  in  sending  soldiers 
home  to  their  friends,  as  the  disease  has  been  thus  carried  into  previously- 
healthy  villages.  It  would  seem  clear  that  the  >State  should  bear  its  own 
burdens  and  provide  means  of  isolation  and  perfect  cure,  and  not  throw  the 
risk  on  the  friends  and  neighbours  of  the  soldier. 

An  important  matter  to  remember  in  connection  with  grey  granulations 
is,  that  relapses  are  very  frequent ;  a  man  once  affected  has  no  safety 
(AVarlomont)  ;  simple  causes  of  catarrh  and  inflammation  may  then  reinduce 
the  specific  grey  granulations  with  their  contagious  characters  ;  so  that  a  man 
who  has  once  had  the  disease  is  a  source  of  danger,  and  should  be  watched, 

Ve7iereal  Diseases  in  the  Army. 

It  is  convenient  for  our  purpose  to  put  together  all  diseases  arising  from 
impure  sexual  intercourse,  whether  it  be  a  simple  excoriation  which  has  been 
inoculated  with  the  natural  vaginal  mucus  or  with  leucorrhoeal  discharges,  and 
which  may  produce  some  inguinal  swelling,  and  may  either  get  well  in  a  few 
days  or  last  for  several  days ;  or  whether  it  be  an  inliammation  of  the  urethra 
produced  by  specific  (or  non-specific  ?  leucorrhoeal])  discharge;  or  whether  it 
be  one  of  the  forms  of  syphilis  now  diagnosed  as  being  in  all  probabihty 
separate  and  special  diseases,  having  particular  courses  and  terminations. 

In  the  army  men  enter  the  hospital  from  all  these  causes,  and  from  the 
remoter  efi'ects  of  gonorrhoea  or  syphihs,  orchitis,  gleet,  stricture,  bladder  and 
kidney  affection ;  or  syphihtic  diseases  of  the  skin,  bones,  eyes,  and  internal 

^The  gross  amount  of  inefficiency  in  the  army  is  tolerably  weU  known,  but 
it  will  require  a  few  more  years  before  the  several  items  of  the  gross  amount 
are  properly  made  out.  This  arises  partly  from  an  occasional  great  difficulty 
in  the  diagnosis  of  true  infecting  syphilis,  and  partly  from  a  want  of 
uniformity  in  nomenclature. 

The  comparative  amount  of  army  and  civil  venereal  diseases  is  not  known, 
because  we  have  no  statistics  of  the  civil  amount.  It  is  no  doubt  great.  It 
is  a  question  whether  a  large  majority  of  the  young  men  of  the  upper  and 
middle  classes  do  not  suffer  in  youth  from  some  form  of  venereal  disease. 
In  the  lower  classes  it  is  perhaps  equally  common. 

The  sequences  are  most  serious ;  neglected  gleet,  stricture,  secondary  and 
tertiary  syphilis,  are  sad  prices  to  pay  for  an  unlawful  (m  some  cases  a 
momentary)  gratification ;  and  in  the  army  the  State  yearly  suffers  a  large 
pecuniary  loss  from  inefficiency  and  early  invaliding.  In  campaigns  the 
inefficiency  from  this  cause  has  sometimes  been  great  enough  to  alarm  the 
generals  in  command,  and  to  increase  considerably  the  labour  and  sufferings 
of  the  men  who  are  not  affected. 

The  preventive  measures 

1    Contmence.-The  sexual  passion  m  most  men  is  very  strong-strong 
eno^igh  indeed  to  lead  men  to  defy  all  dangers,  and  to  risk  aU  consequences 
It  has  been  supposed  by  some  that,  in  eaijy  manhood   continence  i 
impossible,  or  if  practised,  is  so  at  the  risk  of  other  habits  being  formed 
S  are  more  hurtful  than  sexual  intercourse,  with  all  its  dangers,  Lu 
Jhi    is  surely  an  exaggeration ;  the  development  of  this  passion  can  be 
ac^eleraten  delayedrexcited  or  lowered,  by  various  measures,  and  con- 
tinence becomes  not  only  possible,  but  easy, 

For  delaying  the  advent  of  sexual  puberty  and  desire  two  plans  an 
be  suggested-absence  from  exciting  thoughts  and  temptation,  and  the 
systenmtic  employment  of  muscular  and  mental  exercise.    The  mmds  ot 
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the  young  are  often  tut  too  soon  awakened  to  such,  matters,  and  obscene 
companions  or  books  have  lighted  up  in  many  a  youthful  breast  that 
feu-cVeiifer  which  is  more  dangerous  to  many  a  man  than  the  sharpest  fire 
of  the  battlefield  would  be.  Among  young  soldiers  this  is  especially  the 
case ;  while,  in  spite  of  the  exciting  literature  of  the  day,  and  of  the  loose- 
ness of  some  of  the  older  boys  at  the  public  schools,  or  at  the  universities, 
the  moral  tone  of  the  young  gentlemen  of  our  day  is  better  than  it  was  some 
half  century  ago,  the  conversation  of  the  classes  from  which  the  soldier  is 
drawn  is  still  coarse  and  lewd  as  in  the  middle  ages.  There  is  too  close  a 
mixture  of  the  sexes  in  the  English  cottages  for  much  decency,  and  the 
young  recruit  does  not  often  require  the  tone  of  the  barrack  to  destroy  his 
modesty.  In  fact,  it  is  possible  that,  in  good  regiments,  he  will  find  a 
higher  moral  tone  than  in  the  factory  or  the  harvest  field. 

We  must  trust  to  a  higher  cultivation  and  moral  training  to  introduce 
among  the  male  youth  of  this  nation,  in  all  its  grades,  a  purer  moral  tone. 
In  the  army,  the  example  of  the  officers,  and  their  exertions  in  this  way, 
would  do  great  things,  if  we  could  hope  that  the  high  moral  tone  which 
happily  exists  in  some  cases  could  inspire  all. 

It  is  not  the  less  necessary  to  save  the  young  from  direct  temptation.  The 
youth  of  this  nation  are  now  sorely  tempted,  for  in  our  streets  prostitution 
is  at  every  corner.  Whatever  may  be  the  objection  to  police  regulations,  we 
have  surely  a  right  to  demand  that  the  present  system  of  temptation  shall  be 
altered.  It  may  not  be  easy  to  exclude  all  prostitutes,  especially  of  the  better 
class  (whose  calling  is  less  easily  brought  home  to  them),  from  public 
thoroughfares,  but,  practically,  open  prostitution  can  be  recognised  and  made 
to  disappear  from  our  streets.  It  has  been  said  our  police  regulations  are 
sufficient  for  this ;  they  have  never  yet  proved  so  j  and  in  no  European 
country  but  England  is  prostitution  so  open  and  so  undisguised,  i 

In  the  Acts  passed  in  1864,2  1866,  and  1869,  and  in  the  Licensing  Act  of 
1872  (Acts  of  the  greatest  importance,  as  the  first  steps  in  an  efficient  legisla- 
tion), authority  has  been  now  taken  to  prevent  prostitutes  from  assembling 
m  the  pubhc-houses,  and  to  a  certain  extent  sources  of  temptation  have  been 
removed. 

If  young,  men  can  thus  escape  an  appeal  to  their  passions,  continence  is 
much  more  easy.  There  are  times  when  the  strictest  virtue  may  weU  dread 
such  an  appeal.  Hmnan  nature  is  but  too  weak,  and  needs  every  safeguard 
it  can  get.  ° 

As  aids  to  continence,  great  physical  and  mental  exertion  are  most  powerful, 
it  would  seem  that,  during  great  exercise,  the  nervous  energy  is  expended  in 
that  way,  and  erotic  thoughts  and  propensities  are  less  prominent;  so  also 
witfi  mental  exercise,  m  perhaps  a  less  degree.  The  establishment  of  athletic 
sports,  gymnasia,  and  comfortable  reading-rooms  in  the  army,  may  be  expected 
to  have  some  influence.  ^ '  J 

Temperance  is  a  great  aid  to  continence.  In  the  army  the  intemperate 
men  give  the  greatest  number  of  cases  of  syphilis;  and  when  a  man  gets  an 
attaclc,  It  is  not  infrequently  found  that  he  was  drunk  at  the  time. 

Ihe  measures  which  promote  continence  are  then  

^  The  effect  of  this  upon  the  virtuous  female  population  is  vprv  sprinns    Tr,r„,.^  4.  • 

London  sees  the  line  clothes  and  hears  of  the  idle  IuS^s  l^es  of  thTwon^^^^^^ 
and  knows  that  occasionally  respectable  marriage  entira  ife  office    Wh?t  n  +  ^o^^. 
abandon  the  hard  work  and  thc\lrudgery  of  sewiJi  for  such  ^cl^w  oTwhioh  .1^'*''^'"^  ^° 
tlie  bnght  side  !    It  is  a  temptation  fnun  which  the  State  shoukl  s.Ve  h  i  ^^^^ 

prostitution  as  a  degraded  calling  only,  with  its  restrictTons  an   U  i^onm  ience  ' 
]  <(fi/  i^'<^J''-<'^<^ntion  of  Contagious  Diseases  at  Ccrtcmi  NaSaMmifL..  ^/  ,  • 

1864  ;  an  Act  for  the  Better  Prevention,  cC-c,  1866  (cited  as  cZagZ  Z^^^^^ 


490 


PREVENTION  OF  DISEASE. 


(a)  The  cultivation  of  pure  thouglit  and  conversation  among  the  young 
soldiers,  by  every  means  in  our  power. 

(b)  Removing  temptation. 

(c)  Constant  and  agreeable  employment,  bodily  and  mentally ;  as  idleness 
is  one  great  cause  of  debauchery. 

(d)  Temperance. 

2.  Marriage. — It  is  very  doubtful  whether  those  who  condemn  early 
marriages  among  the  working  classes,  on  account  of  improvidence,  are  entirely 
right  in  their  argument.  The  moral  effect  of  prolonged  celibacy  has  seldom 
been  considered  by  them.  Probably  the  early  marriages  are  the  salvation  of 
the  working  youth  of  this  country ;  and  in  the  present  condition  of  _  the 
labour  market,  the  best  thing  a  working  man  can  do  is,  as  early  as  possible, 
to  make  his  home,  and  to  secure  himself  both  from  the  temptations  and 
expenses  of  bachelorhood.  In  the  case  of  the  soldier  the  conditions  were 
formerly  different  for  different  men;  the  private  soldier  who  had  enlisted  for 
long  service  (twelve  years,  and  prospect  of  renewal)  could  not  marry  for  seven 
years,  and  then  only  7  per  cent,  could  marry  with  leave.  It  was  difficult  to 
avoid  this,  and  the  consequences  were  certainly  most  serious.  Under  the 
new  system  of  seven  years'  enlistment,  and  passage  into  the  reserve,  a  soldier 
will  not  marry  at  all,  and  it  is  of  course  desirable  he  should  not  do  so.  If 
he  enlists  at  nineteen,  at  twenty-six  he  will  be  free ;  and  if  kept  m  full 
occupation,  and  as  far  as  possible  shielded  from  temptation,  the  burden  ot 
cebbacy  will  not  weigh  upon  him.  Continence  would  be  desirable  tor  Jus 
health,  and  for  the  welfare  of  his  future  offspring.  The  short  service  now 
introduced  may  indeed  greatly  influence  this  matter,  and  certainly  has 
removed  from  pressing  discussion  the  question  of  marriage  m  the  mtantry  ot 

^^l^'^pJecautions  against  the  Disease.— Admitting  that,  in  the  case  of  a  body 
of  unmarried  men,  a  certain  amount  of  prostitution  wiU  go  on  something 
may  be  done  to  prevent  disease  by  extreme  cleanliness  instant  ablution,  and 
by  the  use  of  zinc,  alum,  and  iron  washes,  or  similar  lotions  after  connection 
and  by  the  constant  use  by  prostitutes  of  similar  washes.  It  J^^y 
offence  against  morality  to  speak  of  such  things;  but  we  must  ^ea  witli  ^^^^^^ 
as  they  are ;  and  our  object  now  is  not  to  enforce  morality,  t^^^^^^^^ 
disease  The  use  in  brothels  of  these  measures  appears  to  be  more  efficacious 
than  any  other  plan.  In  some  of  the  French  towns  the  use  of  lotions  and  wash- 
URS  IS  rigorous^ly  enforced,  with  the  effect  of  lessening  disease  considerably 

4  Detedion  and  Cure  of  Diseased  Men  and  Women.-Jii  the  case  of  the 
soldief  "^^^^        adiice  at  hand,  it  seems  of  the  greatest  iniportance  to 

SSi:;^tn-^^tciirs^ 

grel\ttcrrL'b?en  raised  against  this  propos^  which 
precaution  which  the  State  is  ^^^^^J  ^^^f''' 

follow  a  dangerous  trade-as  dangerous  as  if  she  stood  ^,i„g 
exDlodincr  crSniDowder.  By  practising  this  trade  she  ought  at  once  ^o^'  ^ 
^ITulS:^:^^,  and'the  State  must  take  what  precautions  it  can  to  pie 
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vent  her  doing  mischief.  The  State  cannot  prevent  prostitution.  We  shall 
see  no  return  to  the  stern  old  Scandinavian  law  which  punished  the  prostitute 
with  stripes  and  death;  but  it  is  no  more  interference  with  the  liberty  of  the 
subject  to  prevent  a  woman  from  propagating  syphilis,  than  it  would  be  to 
prevent  her  propagating  smallpox. 

The  difficulty  is  to  detect  when  she  is  diseased.  Abroad,  an  elaborate 
system  is  in  use  for  this  purpose ;  brothels  are  registered,  and  their  inmates 
regularly  examined.  In  this  country  such  a  system  seems  to  many  people  too 
like  a  recognition  of  the  inevitableness  of  prostitution,  and  to  a  certain  extent 
a  sanction  of  it ;  it  is  really,  however,  a  simple  matter  of  precaution.  A 
custom  exists  which  we  cannot  set  aside ;  let  us  obviate  its  effects  as  best  we 
may,  while,  at  the  same  time,  by  higher  culture  and  other  efforts,  we 
endeavour  to  gradually  remove  the  custom.  ^ 

A  partial  adoption  of  this  plan  has  been  commenced  by  the  military  and 
naval  authorities  in  this  country,  and  Acts  have  been  passed  (1864,  1866,  and 
1869)  by  means  of  which  the  prostitutes  of  certain  military  and  naval  stations 
are  brought  under  supervision.^  The  important  clause  in  the  Act  for  1866 
is  clause  15,  which  provides  that  when  an  information  is  made  on  oath  that 
a  woman  is  a  common  prostitute,  living  within  the  limits  of  any  place  to 
which  the  Act  apphes,  or  having  been  within  those  limits  for  the  purpose  of 
prostitution,  a  justice  may  issue  notice  to  such  woman,  through  the  superin- 
tendent of  police,  to  appear  for  medical  examination.  She  is  then  kept  under 
continued  inspection,  and  certified  Lock  hospitals  are  provided  for  her  treat- 
ment if  she  is  discovered  to  be  ill  Clause  36  is  also  an  important  one  ;  it 
imposes  a  penalty  of  £20,  or  imprisonment,  with  or  without  hard  labour,  on 
any  brothel-keeper  or  owner  of  a  house  who,  having  reasonable  cause  to  know 
a  woman  to  be  a  prostitute,  and  to  be  affected  with  a  contagious  disease, 
allows  her  to  resort  to  the  house  for  the  pm-pose  of  prostitution. 

AiJ^^^  ^^^^  ^^^^  °^  October  1866  ;  and  in  some  stations,  as  at 
Aldershot,  it  was  really  more  than  half  a  year  after  this  time  before  it  could 
be  put  into  force. 

Since  the  passing  of  these  Acts  there  has  been  a  most  decided  decrease  in 
the  number  of  primary  venereal  sores  at  all  the  military  stations  under  the 
Acts,  compared  with  non-protected  stations.  And  this  is  the  more  satisfactory 
because  the  frequent  movement  of  the  troops,  and  the  number  of  stations 
where  there  IS  no  control  of  disease,  render  the  working  of  the  Acts  difficult.  3 

-But  the  following  figures,  from  the  A.  M.  D.  Report  for  1880,  are  quite 
convincing. 


othpr«  fv  "It  °  ^^""^  their  eyes  to  the  enomous  prostitution  of  this  country,  as  of  all 
Zqtitn+Ln  1  ""^tu'^f  ''u"  ^  ^^'^^'''^  impossible  to  deal  with  private  or  "sly" 
hi  the  '^^^^"^g'  remember  that  some  movement 

the  svstem  I  n  L  f  ^"^PP^'  girls  themselves  is  necessary.  In  the  low  brothels  in  London 
to  hereZlovP.  A  "'"'^  i^^^-^^i  ?^ first  well  treated,  and  encouraged  to  fall  into  debt 
can  rSak?  no  r.V„  ,  '  f  '^V'-  ^^""^^  I'lvolved,  she  is  a  slave  ;  there  is  no  relief  till  she 
PossiSv  itl,Vh[  >  i  when  she  is  cast  out.  Surely  something  should  be  done  to  save  her. 
b^L^KeS  ^°i*'^      P^'^'  f  ^^?g^i«i^g      debts  from  a  girl  to  the  procuress  or 

life  if  she  de^sirU  if    a  i  °  ^f^'^X  ^\  ^^''^  S^^^^^  ^^^^  the  means  of  release  from  her 

not  -thev  mnv  oJ' i/  T^  ^'""^-^f  ^''f*  exist-and  who  can  venture  to  hope  they  will 
At  nresenTKfcV  made  less  indecent,  quieter,  and  safer  from  theft,  and  even  murder 

work  has  LrSv  !f       ^'^^  a  gigantic  scandal  to  Christianity,  and  Jeannel's  singular 

Xch  d  mmP  ff?  ''V'°r  ^  Pf '^^1  ^^t^'^^'i  "O'l'^r"  prostitution  and  "that 

wnicti  dimmed  the  splendour,  and  perhaps  hastened  the  fall,  of  Imperial  and  Patrnn  Pnrnt 
Eigljteen  centimes  after  the  death  of  Christ,  are  we  still  at  such  a  poTnt  "    '""'^  ^'^''^ 

and  36°8-371.'*'*''^'''  1^''*^°°'      ^^2/  Medical  Report  for  1880,  vol.  xxii.  pp.  12-17 
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la  1880  there  were  fourteen  stations  under  the  Contagious  Diseases  Act, 
with  a  mean  strength  of  44,026  men;  putting  against  these  all  other  stations 
not  under  the  Act,  with  an  average  strength  of  39,869  men,  we  have  the 


following  ratio  : — 


Admission  pel'  1000  of  Strength. 


Primary.  Gonorrhoea. 
Venereal  Sore. 


Fourteen  stations  under  the  Act  1880,  .  .      74  100 

All  other  stations  not  under  the  Act  1880,       .    119  114 

It  must  be  remembered  that  at  present  gonorrhoea  has  not  been  touched 
by  the  Act,  for  want  of  hospital  accommodation,  so  that  the  nearly  equal 
amount  of  gonorrhoea  of  the  two  classes  shows  that  the  enormous  lessening 
of  primary  venereal  sore  in  the  controlled  stations  is  owing  to  a  real  diminu- 
tion of  syphilis,  and  not  to  lessened  frequency  of  intercourse.  This  is  proved 
again  by  the  following  figures  given  by  Dr.  Balfour.  _  _ 

In  1864,  the  year  before  the  Act  came  into  operation,  the  average  admissions 
at  all  the  stations  from  primary  venereal  sore  were  108-6  per  1000.  In  1872, 
at  the  uncontrolled  stations,  the  number  was  stiU  higher,  being  123-2,  so  that 
syphilis  had  not  dechned  in  the  uncontroUed  stations.  But  in  the  controlled 
stations  in  1872,  the  admissions  were  only  53-3.  Therefore,  the  gam  to  the 
State  in  the  controUed  stations  was  (108-9-53-3)  55  admissions  less  per  1000 
of  strength ;  and  in  a  mean  strength  of  50,000  men  the  State  was  saved  the 
cost  of  2750  cases  of  primary  venereal  sore  in  that  year,  and  the  men  were 
saved  the  enormous  injury  to  their  health,  which  would  otherwise  have 

Let  the  facts  be  put  in  another  form.  Taking  the  first  seven  years  that  the 
Acts  were  in  operation  (before  the  introduction  of  the  stoppage  regulation  m 
1873),  viz.,  1865-72  (though  in  the  early  years  the  operation  was  partial  and 
imperfect)'  we  have  the  following  figures  :— 

Admission  per  1000  of  Strength,  1865-72  inclusive. 

Primaiy  Sores.  Gonorrhoea. 

All  stations  not  under  the  Act  (mean  )  ^      ;^o3-l  HI  "7 

strength  32,528  men,     .  .J 

Stations  under  the  Act  (mean  strength  )  _       g2  -8  115-0 

30,765  men),        .       •       •  J 

There  was  therefore  a  practical  identity  in  gonorrhcBal  ^dmisf  ns  but  the 
annual  admissions  for  priWy  venereal  sores  ^^f^^  ^.^l^^'^^^^^^ 
+  +•    o  -^Tr  AO'-^  i-.pr  1 000     In  the  eieiht  years  the  State  was  tnereiore  bavi.u 
~  rfy  ?0,0  0^^^^^^^^^^    syphilis  ;  and^upposing  each  de.nan™ty 
rajfsof  trJatm;nt(whichis  moderate),  200,000  days  of  sickness  have  been 

SucC  tt n!  &n  the  operation  of  the.  Act  under  many  disadvantages, 
but  this  has  not  been  its  only  beneficial  effect  directions, 

The  Act  at  the  large  stations  has  done  great  8°°Vnvp  TeLi  reclaimed ;  the 
especially  as  regards  the  women.    Many  ^^^^^^'^^ 

horrible  juvenile  prostitution  has  almos  ceased,  ^^^^^^^^^^^^^^^^^^^^  too 
been  taught  in  the  hospitals.    Still  the  act  is  too  ^^f  ,,ot 
partially  tarried  out,  to  cope  entirely  with  the  evil,  f 
thoroughly  under  iispection;  many  are  not  "^^P'^f  ^  t^nsufficent 
towns  send  in  prostitutes  ;  and  hospital  accommodation  is  msufhcent. 
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The  prostitutes  from  surrounding  districts  not  in  the  Act  also  come  into 
these  towns  and  camps,  either  remaining  for  a  few  days  and  then  disappearing, 
or,  if  diseased,  stopping  till  they  can  get  admitted  into  hospital.  Eeginients 
coming  from  other  quarters  not  under  the  Act ;  men  coming  from  furlough  or 
detachment,  also  introduce  the  disease ;  in  fact,  the  means  of  evasion  and  of 
reintroduction  are  numerous. 

One  consequence  of  the  Contagious  Diseases  Act  was  to  make  public  the 
most  frightful  state  of  things  among  the  women  of  our  garrison  tovms.  The 
vivid  picture  of  the  Chatham  prostitute's  life,  drawn  by  Mr.  Berkeley  Hill,i 
"was  no  exaggeration.  Reports  from  the  Lock  hospitals  at  other  places  would, 
if  published,  have  borne  out  all  Mr.  Hill  alleged.  Shocking  as  these  dis- 
closures are,  and  mortifying  as  they  may  be  to  our  national  pride,  it  is  by  far 
the  best  plan  to  have  them  made.  An  evil  lilie  this  must  not  be  treated  in 
the  shade  ;  it  will  never  be  overcome  till  the  public  know  its  proportions  ;  the 
deadly  mists  which  cling  round  and  poison  the  very  basis  of  society  can  be 
dispersed  only  when  the  healing  light  of  the  sun  falls  on  them.  It  is  at  any 
rate  encouraging  to  learn  that  the  effect  of  the  Act  has  been  greatly  to  improve 
the  manners  and  habits  of  the  women — to  impose  some  restraint  on  them, 
and  to  restore  to  them  something  that,  in  comparison  with  their  former  life, 
may  be  called  decency. 


1  British  Medical  Journal,  1867. 
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DISINFECTION  AND  DEODORISATION. 

The  term  disinfectant,  which  has  now  come  into  popular  use,  has  unfor- 
tunately been  employed  in  several  senses.  By  some  it  is  applied  to  every 
agent  which  can  remove  impurity  from  the  air  ;i  by  others,  to  any  substance 
which,  besides  acting  as  an  air  purifier,  can  also  modify  chemical  action,  or 
restrain  putrefaction  in  any  substance,  the  efiluvia  from  which  may  contamin- 
ate the  air ;  while,  by  a  third  party,  it  is  used  only  to  designate  the  sub- 
stances which  can  prevent  infectious  diseases  from  spreading,  by  destroying 
their  specific  poisons.  This  last  sense  is  the  most  correct,  and  it  is  that 
which  is  solely  used  here.  The  term  disinfectant  might  also  be  applied  to 
substances  destroying  entozoa  or  ectozoa,  or  epiphytes  or  entopliytes,  but  there 
is  a  disadvantage  in  giving  it  so  extended  a  meaning.  The  mode  in  which 
the  poisons  are  destroyed,  whether  it  be  by  oxidation,  deoxidation,  or  arrest 
of  growth,  is  a  matter  of  indifference,  provided  the  destruction  of  the  poison 
is  accomplished.  The  general  term  air  purifier  is  given  in  this  work  to 
those  agents  which  in  any  way  cleanse  the  air,  and  which  therefore  include 
disinfectants;  and  the  term  sewage  deodorants,  to  those  substances  which  are 
used  to  prevent  putrefaction  in  excreta,  or  in  waste  animal  or  vegetable 
matters,  or  to  remove  the  products  of  putrefaction.  In  a  great  many 
instances  the  substances  which  are  recommended  as  disinfectants  are  little 
more  than  deodorants,  and  ought  properly  to  be  spoken  of  as  such. 

The  chief  human  diseases  which  are  supposed  to  spread  by  means  of 
special  agencies  (conveniently  designated  under  the  name  of  "  contagia 
are,  the  exanthemata;  typhus  exanthematicus ;  enteric  (typhoid)  fever; 
relapsing  fever ;  yellow  fever ;  paroxysmal  and  the  allied  remittent  fevers ; 
dengue,^  cholera;  bubo-plague;  influenza;  hooping-cough;  diphtheria; 
erysipelas;  dysentery  (in  some  cases) ;  puerperal  fever ;  syphiHs;  gonorrhoea; 
o-landers ;  farcy ;  malignant  pustule;  and,  perhaps,  phthisis.  There  are  some 
few  others  more  uncommon  than  the  above. 

It  has  long  been  a  belief  that  the  spread  of  the  infectious  diseases  might 
be  preventecf  by  destroying  the  agencies  in  some  way,  and  various  fumiga- 
tions, fires,  and  similar  plans  have  been  employed  for  centuries  during  great 

epidemics^^^  to  apply  disinfection  in  the  modern  sense  of  the  term,  we 
ou^ht  to  know— Is^,  the  nature  of  these  contagious  agencies  ;  2nd,  the  media 
through  which  they  spread ;  and  3nZ,  the  effect  produced  upon  them  by  the 
chemfcal  methods  which  are  supposed  to  destroy  or  modify  them. 

1.  The  Nature  of  the  Contagia.^ 

This  point  is  at  present  the  object  of  eager  inquiry.    In  the  case  of  one  or 
two  of  the  above  diseases,  the  question  has  been  narrowed  to  a  small  compass. 

1  Tardieu  for  example,  Diet.  iVHyg.,  art.  "  Desinfection,"  and  many  otlier  authors. 
It  Sie  sLn  thatthe  old  distinctions  between  infectious  t^nA  coniagioxis  diseases,  and 
betweerlSmate  and  contagia,  are  not  adhered  to.    They  were  at  no  tmie  thoroughly  defi- 
nite.  and  are  now  better  abandoned.  ...  . 

"  see  Report  on  Hygiene  for  1872  {Awiy  Medical  Department  Report,  vol.  xni.). 
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In  variolous  and  vaccine  discharge,  and  in  glanders,  the  poison  certainly 
exists  in  the  form  of  solid  particles,  which  can  be  seen  by  high  powers  as 
gHstening  points  of  extreme  minuteness.  ^  In  cattle  plague  blood  serum 
there  are  also  excessively  small  particles  discovered  by  Beale,  which  are 
probably  the  poison.  The  size  of  the  particles  supposed  to  be  contagia  is 
minute ;  some  of  them  are  not  more  than  -g-o.xnro  inch,  and  Beale 

believes  that  there  may  be  smaller  still  to  be  discovered  with  higher  powers. 
Chauveau  has  washed  the  vaccine  solid  particles  in  water;  the  water  did  not 
become  capable  of  giving  the  disease ;  the  washed  particles  retained  their 
power.  The  epidermic  scales  of  scarlet  fever  and  the  pellicle  of  the  diph- 
theric membrane  certainly  contain  the  respective  poisons,  and  after  exposure 
to  the  air  for  weeks,  and  consequent  drying,  still  retain  their  potency.  It  is 
more  likely  that  solid  matters  should  thus  remain  unchanged  than  liquids, 
but  it  has  not  yet  been  proved  that  this  is  so,  and  at  present  the  exact 
physical  condition  of  the  contagia  of  the  other  infectious  diseases  remains 
doubtful. 

_  The  extraordinary  power  of  increase,  and  capability  of  producing  their 
like,  possessed  by  some  of  the  contagia  when  placed  under  special  fostering 
circumstances,  as  in  the  bodies  of  susceptible  animals,  lead  to  the  belief  that 
they  are  endowed  with  an  independent  life.  The  old  doctrines  that  they  are 
simply  either  poisonous  gases  or  animal  substances  in  a  state  of  chemical 
change,  and  capable  of  communicating  this  change,  or  that,  like  the  so-caUed 
ferments  (ptyalin,  pancreatin,  diastase,  emulsin),  they  split  up  certain  bodies 
they  meet,  are  not  now  in  favour. 

The  retention  of  the  power  of  contagion  for  some  time,  and  its  final 
loss,  the  destruction  of  the  power  by  antiseptics  which  do  not  affect  the  action 
of  such  bodies  as  ptyalin  or  diastase,  and  the  peculiar  incubative  period  which 
is  most  easily  explained  by  supposing  a  gradual  development  of  the  active 
agent  m  the  body,  are  more  in  accordance  with  the  hypothesis  of  independent 
life  and  power  of  growth. 

The  independent  living  nature  of  the  contagia  is  a  belief  which  has  lon^ 
been  held  in  various  forms.  At  the  present  time  there  are  three  views  each 
of  which  has  some  arguments  in  its  favour,  ' 

(1)  The  particles  are  supposed  to  be  of  animal  origin,  born  in,  and  only 
gi'owing  in  the  body ;  they  are,  in  fact,  minute  portions  of  bioplasm  (to  use 
Dr.  Beale  s  phrase),  or  protoplasm.^ 

This  is  the  old  doctrine  of  "  fomites  "  expressed  in  a  scientific  form,  and 
supported  by  a  fact  which  was  not  known  until  recently.  This  is  that  the 
independent  life  ascribed  to  these  particles  of  bioplasm  is  no  assumption 
smce  we  are  now  aware  that  many  of  the  small  animal  cells  or  bioplastic 
molecules  are  virtually  independent  organisms,  having  movements,  and 
apparently  searching  for  food,  growing,  and  dying. 

This  view  explains  singulariy  weU  the  fact  of  the  frequent  want  of  power 
ot  tHe  contagia  of  one  animal  to  aftect  another  family ;  as,  for  example  the 
non-transference  of  many  human  diseases  to  brutes,  and  the  reverse.  It' also 
partly  explains  the  non-recurrence  of  the  disease  in  the  same  animal  bv 
supposing  an  exhaustion  of  a  special  limited  supply  of  food,  which  cannot  be 


1  The  observations  of  Chauveau,  Beale,  and  Burdon-Sanclerson  and  still  mnrp  r-an^.  x. 
Braidwood  and  Vacher,  prove  this  very  important  point  by  Xt  seems  inc  •  °* 

It  does  not  follow  that  nil  small  hmUAc 


bave  ,,„\r„ni;gioS,  proprrt;'  *  ™  """""'o^""'"  »'  ^^te  Wood  oeUs,  alid  wWd! 

M;n';SS"»:-'?L°4»»  <^^-«  edffioo, ;  and 
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restored,  since  it  may  be  supposed  that  some  particular  bodily  structure  is 
altogether  destroyed,  as,  for  example,  Peyer's  patches  may  be  in  enteric  fever. 
One  objection  to  this  view  is,  on  the  other  hand,  that  living  animal  particles 
die  with  great  rapidity  after  exit  from  the  body,  while  the  contagia  do 
certainly  last  for  some  considerable  time.^ 

(2)  The  particles  have  been  conjectured  to  be  of  fungoid  nature,  and  to 
simply  grow  in  the  body  after  being  introduced  ah  extmio.  This  view  is 
supported  by  the  peculiarities  of  the  rapid  and  enormous  growth  oi  fungi,  by 
their  penetrative  powers  and  splitting-up  action  on  both  starchy,  fatty,  and 
albuminoid  substances,  and  by  the  way  in  which  certain  diseases  of  men  and 
of  animals 2  are  undoubtedly  caused  by  them.  It  is  clearly  a  view  which 
would  explain  many  phenomena  of  the  contagious  diseases,  and  has  been  sup- 
ported by  the  experimental  evidence  of  Hallier  and  many  others  who  have 
believed  either  that  they  have  invariably  identified  special  fungi  in  some  of 
these  diseases,  or  that  they  have  succeeded  in  cultivating  fungi  from  particles 
of  contagia.  At  the  present  time,  however,  the  evidence  of  true,  recognis- 
able and  special  fungi  being  thus  discovered  and  grown,  and  forming  the 
efficient  causes,  is  very  much  doubted  by  the  best  observers.  The  micrococci 
of  Hallier,  supposed  to  be  formed  by  the  disintegration  of  the  protoplasm  of 
fungi,  which  Hallier  considers  can  again  develop  to  fungi,  are  looked  upon 
by  many  as  mere  detritus.  ^ 

(3)  The  particles  of  contagia  are  thought  to  be  of  the  nature  ot  tne 
Scftizomycetes,  i.e.,  of  that  class  of  organisms  which  Nageh  has  separated 
from  the  fungi,  and  which  form  the  lowest  stratum  at  present  known  to  us  ot 
the  animate  world.  They  are  termed  Bacteria,  Bacilli,  Microzymes,  Vihrios, 
Bpirilla,  Monads,  &c.  Their  relation  to  the  fungi,  or  to  the  Oscillanne(B, 
to  which  they  are  perhaps  closer,  is  yet  a  matter  of  warm  debate. 

That  these  creatures  are  concerned  in  many  diseases  is  clear.  Listers 
genius  first  brought  their  practical  importance  forward,  and  the  late  researches 
of  Klebs,  Recklinghausen,  and  others,  have  shown  how  great  a  part  they  play 
in  the  production  of  Septich^mia.  The  carbuncular  disease  of  cattle  and 
sheep  (splenic  apoplexy)  is  also  intimately  connected  with  Bacilli ;  ^nd.  if 
the  observations  of  Coze,  Feltz,  and  others  are  correct,  the  same  is  true _  of 
tvXid  fever  Ferdinand  Cohn  has  asserted,^  that  even  the  glistemng 
Stides  of  vaccine  lymph  are  Bacteria.  Bacteria  have  been  proved  to  cause 
fwe  of  the  intestiLl'mucous  membrane,  the  ^t-us,  l^e  kidn^y.^^^^^^^^^^^ 
heart  and  they  play  some  part  m  h^emorrhagic  smallpox^  ^aa/Zi  were 
found  t?be  the  active  agents  in  the  poisoning  by  ham  at  Welbeck.  Klebs 
Ind  Tommasf^^^^^^     ha?e  shown  the^^robabi^  poisoning  being 

cated  by  Dr.  B  W.  Richardson  f  •  J-^-  (^f  'H^,    Admitting  tliat  the  disease  poison 

mpression  may  have  the  same  J^^^^;^,^  S\ooL  upon  many  diseases  as  hereditary, 

d"hItTe^=^^^^^^^^^^  '''''''''''' 
^^^IS^^S^nd  l.ir;.seases     ^^^^^  ^ry^S^^ 

^I'Sf  S^posed  fungus,  .hich  Klein  (Reports  '^f^'f^^^S^^^o^^^^ 
new  series,'So.  vi.,  1875)  thought  he  ^l^f^^^'-f  S^ji^i &  independent 
shown  hy  Creighton  to  be  merely  an  altered  condition  oi  u 
oV^SJ {see  Proceedings  o/tJwEoycd  Soa^^^^^  June  15,  18/6). 
*  Virchow's  Archiv,  Band  iv.  p.  229  {lUli). 
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due  to  a  Bacillus.  Still  more  recently,  Kocli  has  essayed  to  connect  phthisis 
with  a  similar  organism.  The  peculiar  form  of  febrile  disease  observed  at  Aber- 
deen by  Dr.  Beveridge  was  distinctly  connected  with  the  existence  of  minute 
organisms  in  milk.i  The  researches  of  Pasteur  on  fowl  cholera  and  charbon 
have  shown  not  only  that  those  diseases  are  due  to  Baoteria,  but  that  they 
can  probably  be  prevented  or  modified  by  inoculation  with  cultivated 
virus. 

Yet  in  some  of  the  epidemic  diseases  no  Bacteria  have  been  as  yet  demon- 
strated. In  cholera,  Lems  and  Cunningham  have  failed,  in  sj^ite  of  the  most 
persevering  search,  to  find  Bacteria  (or  fungi)  in  the  discharges  or  blood  of 
cholera. 

The  reasons  for  attributing  in  many  cases  great  influence  to  Bacteria, 
which  are  undoubtedly  present,  are  obvious  enough. 

They  are  so  widely  spread  in  nature  (in  both  air  and  water) ;  their  powers 
of  growth,  by  division,  are  so  wonderful;  their  food  (ammonia,  phosphates, 
and  perhaps  starches  or  sugars)  is  so  plentiful,  and  their  tenacity  of  life  so 
great,  that  it  is  no  wonder  great  consequence  is  now  attached  to  them. 
Yet  it  is  their  very  universality  which  is  the  strongest  argument  against  the 
view  that  they  constitute  the  contagia  of  any  of  the  specific  diseases,  and  any 
one  who  considers  the  peculiar  spread  of  the  contagious  diseases  will  admit  the 
force  of  this  objection.  To  meet  this  objection  it  has  been  surmised  that  they 
are  not  the  contagia,  but  merely  their  carriers.  This  view  has  not  been 
defined;  but  as  the  plasma  of  Bacteria  is  albuminoid,  it  may  perhaps  be  taken 
to  mean  that  while  the  Bacteria  are  usually  harmless,  their  plasma  may 
become,  m  certain  cases,  altered  in  composition,  and  then  becomes  poisonous 
m  different  specific  ways.  Bacteria  feeding  in  the  blood  of  a  typhus  patient 
will  become  nourished  with  morbid  plasma,  and  thus,  so  to  speak,  it  is  diseased 
Bacteria  which  become  dangerous.  We  get  here  beyond  the  range  of  present 
observation,  and  are  conscious  how  impossible  it  is  with  our  present  instru- 
ments to  investigate  such  an  hypothesis.  2 

The  belief  which  some  entertain  that  Schizomycetes  are  the  efficient 
agents  of  the  contagious  diseases  has  led  to  a  number  of  experiments  on  the 
destruction  of  Bacteria  by  heat  and  by  chemical  agents,  in  the  belief  that  the 
doctrine  of  disinfection  was  thereby  elucidated.  This  could  hardly  be  the 
case,  unless  we  are  certain  that  the  Bacteridia  are  the  contagia,  which  is  not 
yet  proved  to  be  the  case.  Disinfection  must  rest  at  present  on  its  omti 
experimental  evidence. 

The  belief  in  the  part  played  by  Badendia  has  led  also  to  much  interest 
being  taken  m  the  discussion  on  ferments,  and  in  the  question  of  spontaneous 
generation  as  it  is  imagined  that  a  clue  might  thus  be  found  to  the  origin,  de 
novo,  of  the  contagia.  .  Mr.  Darwin's  doctrine  of  Pangenesis  has  eveS  been 
pressed  mto  the  discussion,  though  it  rather  makes  the  darkness  greater  than 
brn^l'^f  •  .  ^""^      practical  a  matter  as  that  of  disinfection 

orougnt  into  relation  with  some  of  the  most  subtle  and  controverted  questions 
01  tne  aay ;  but  the  important  bearing  which  the  acceptance  of  one  or  other  of 
these  views  would  have  on  the  practice  of  disinfection  is  evident. 


2  %Z'^?^.^y^l''^^^^''J^^''^''^^^^^^^  xxxii  t)  4q9 
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2.  The  Media  in  lohich  the  Gontagia  are  spread. 
Our  knowledge  of  this  point  is  far  more  defined,  and  may  lie  thus 

summarised  : —  ^^     ll    a  a 

The  special  and'distinctive  phenomena  of  each  disease  are  usually  attended 
with  special  implication  of  some  part  of  the  hody,  and  it  is  especially  these 
parts  which  contain  the  contagia.    In  these  parts  there  is  frequently  rapid 
growth  and  if  the  parts  are  on  the  surface,  frequent  detachment,    i  he  pus 
and  epidermis  of  smallpox ;  the  epidermis  and  the  mouth  and  throat  epithelium 
of  scilet  fever ;  the  skin  and  bronchial  secretions  of  measles ;  the  stools  con- 
taining the  discharged  detritus  of  Peyer's  glands  in  typhoid  fever;  the  dis- 
charcres  of  cholera  ;  the  discharges  and  eruptions  of  syphilis,  glanders,  tarcy, 
and  mahgnant  pustule,  are  instances  of  this.    In  typhus  fever  the  skin  is 
greatly  affected,  and  it  is  generally  supposed  that  it  is  from  the  skin  that  the 
?irus  spreads,  since  this  disorder  is  so  easily  carried  by  cbthes ;  the  same  is 
the-case  with  plague.    In  fact,  those  parts  of  the  body  which  are  the  breed- 
in-places  of  the  contagious  particles  give  off  the  poison  m  greatest  amount. 
The  portions  of  the  body  thus  thrown  off,  and  containing  the  contagia,  may 
then  pass  into  air,  or  find  their  way  into  water  or  food  and  in  this  way  be 
introduced  by  breathing,  drinking,  or  eating,  or  through  broken  surfaces  of 

*^Thf principles  of  disinfection  ought  evidently  then  to  deal  with  the  poisons 
at  their  seats  of  origin,  as  far  as  these  are  accessible  to  us.  It  was  the  mstmct 
of  genTu  which  led  Dr.  William  Budd  to  point  out  that  the  way  to  prevent 
the  spiead  of  scarlet  fever  is  to  attack  the  skin  from  the  very  first ;  to  destroy 
the  poi  on  in  the  epidermis,  or  failing  that,  to  prevent  the  breaking  up  and 
mssre  nto  the  air'^of  the  particles  of  the  detached  ep  dermic  scale.  Ody 
Sfctant  inunctions  of  the  skin,  and  the  most  complete  disinfection  of  the 
1  W^^^^^^^^^^  the  skin  of  the  patient,  are  the  two  chief  means  o 

arrern-  the  spread  of  scarlet  fever.  The  rules  for  smaUpox  are  almost 
identical  thouoli  it  is  more  difficult  to  cany  them  out.  In  enteric  fever  the 
t^if^^^t.^on  of  aU  particles  of  poison  in  ^^^XiZ^^r^^ 

^  :r s  f  0^^  r^^^^:^^  ^ -^i- 

means  of  disinfection. 

3.  Effects  of  Heat  as  a  Disinfectant. 

I,  ,b.  — -  .1-*  ™-V;3ffS».SfSS 

signs  of  vitality  m  animal  cells  .^^^^J^.^^^f  ^^^^^^t^^^^^  comparatively 

accordmgto  Pasteur  till  127  0.  the  Bacteroid  bodies  are 

at  about  the  same  temperature.  On  the.  conua  y,  ^^^^^ 
often  extremely  stable.   Lex  found  a  tempemUue  of  127  O.  o  ^^.^ 

insufficient  to  IcHl  them,        ^  f  .^Xt^^  a  heat  of  no  less 

showed  vital  movements;  and  in  Calvert s  expeu 

than  400"  Pahr.  (  =  204°  C.)  was  r<^f  ^^'^f        3  a^^^^^ 
some  kinds  seem  unaffected  even  by  strong  acids  and  cans 
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Bastian  has,  however,  stated  i  that  Bacteria  and  Vibrios  are  killed  at  a 
much  lower  temperature;  his  experiments  show  that  a  brief  exposure  to  a  tem- 
perature of  70°  C.  (  =  158°  Tahr.)  either  killed  the  germs  of  Bacteria,  or 
completely  deprived  them  of  their  powers  of  multiplication.  Sanderso 
found  that  Bacteria  in  water  are  not  developed  in  fluids  heated  to  366'* 
Fahr.  or  even  boiled.   Disinfection,  if  Baderidia  are  to  be  destroyed,  would 
be  then  a  matter  of  much  greater  difficulty.    Tyndall  2  has  since  pointed  out 
what  appears  to  be,  at  least,  a  partial  explanation  of  the  above  discrepancies. 
He  shows,  that  whilst  prolonged  boiling  failed  to  sterilise  an  infusion, 
successive  heatings  for  a  short  time,  even  below  the  boiling-point,  were 
successful.    The  explanation  proposed  is,  that  during  the  period  of  I'atency 
the  spores  are  m  a  hard  state  capable  of  resisting  high  temperature,  but  that 
just  before  the  period  of  active  germination,  they  become  softened,  and 
therefore  amenable  to  the  influence  of  heat.    As,  however,  spores  in  various 
stages  may  exist  m  the  same  fluid,  successive  heatings  are  necessary  so  as 
to  arrest  each  group  at  the  proper  time  ;  but  by  repeating  the  heatings 
sutticiently  often  an  infusion  may  be  sterilised  at  a  point  below  the  boiling- 
point  of  water.    Important  in  all  ways,  this  question  of  the  nature  ?f 
contagia  is  especially  so  m  a  practical  sense,  viz.,  that  of  the  easy  or  difiicult 
destruction  of  these  agents.    It  does  not,  however,  follow  that  ordinary 
putrefactive  Bacteria  are  identical  with  those  which  may  be  supposed  to 
produce  disease.     It  is  probable  that  they  are  quite  different,  and  that 
disease  Bacteria  are  more  easy  destructible  by  heat  at  least 

Purification  of  Clothes  and  Bedding.—The  best  plan  of  doing  this  is 
certainly  by  the  agency,  of  heat.  Dr.  Henry  of  Manchester,  after  showing 
that  vaccine  matter  lost  its  power  if  heated  to  140°  Fahr.  for  three  hours 
proposed  to  disinfect  clothing  by  dry  heat.  He  disinfected  scarlet  feve^ 
clothing  by  exposure  to  212°  Fahr.  for  one  hour;  woollen  clothing  from 
plague  patients,  after  being  heated  twenty-four  hours  from  144°  to  167° 
-Bahr.,  was  worn  with  impunity  by  fifty-six  healthy  persons  for  fourteen 
days.  Heat  was  largely  used  to  disinfect  clothing  by  the  Americans  in 
hSX;ir['-'°^  form  of  dry  heat  and  boiliSgiter.  ItTbeHeve" 

?^pt!lr1 1  .  ?  t  P^'F'  ^^yP*'  ^^^'^  St.  John's  day,  was  due  to  the 
mcreased  heat  of  the  air  ;  but  possibly  the  hygrometric  cond  tion  of  the  aS 
may  have  more  to  do  with  this.    It  has  also  been  surmised  that  the  yeUow 

t^.^zi^^z^i-'-  ^^-^^^-^^ "^^^ 

Dismfadimi  Chambers,  that  is,  hot-air  oliambers,  into  whicli  olothino-  linen 
221  Jn^/"*'  ^"^r^^  arrangement  is  a  i^^i^^, 

'  thst  i   T  f*  T  '"'^     ^         "'camber,  and  with  a  hot-air 

blast  from  a  shaft  running  through  or  under  the  fire  into  he  chamber  itself 

ant  t Zthf  h'f  °"  '\  ^^"■"^^^  through  a  vate; 

an  exit  tor  the  hot  air  is  provided  at  the  top  of  the  chamber  ■  ^he  rlnth«= 

are  suspended  m  the  chamber,  at  a  little  distance  from  the  wal  s 

In  other  cases  the  bottom  of  the  chamber  is  made  of  iron  and  the 
flue  passes  beneath  it ;  the  iron  becomes  red  hT  and  is  coTCred  w^th 
0  prevent  the  clothes  taking  fire.    Hot  air  is  tta  pou^^dTntrthrch^^^^^ 
anitiSthe^^„r»  i-hetttS^^ 

3  tIT^''^^^     Royal  Society,  No,  143,  p.  224,  March  1873  2  n  v  xt 

Trans.  Soc.  Science  Assoc.  for  1864,  p  558.  ^^'^■>  P-  569. 
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stove  in  the  cart  that  brings  them.  Dr,  Eansom  of  Nottingham  has  devised 
a  gas  stove,  viz.,  an  iron  box  well  covered  with  non-conducting  material ;  in 
a  channel  leading  to  it  a  gas-jet  burns ;  by  means  of  a  regulator  (modified 
from  Kemp's  regulator)  the  heat  is  kept  uniform  day  aad  night ;  the  hourly 
consumption  of  gas  is  9  cubic  feet  for  a  small  stove,  which  is  sufficient  for 
the  hospital  at  Nottingham. 

Steam  has  been  also  used  ;  and,  at  Berlin,  a  steam  dismfectmg  chamber, 
proposed  by  Dr.  Esse,i  jg  gaid  to  work  well.    This  chamber  is  in  the  form 
of  two  iron  cylinders  of  different  diameters,  one  inside  the  other,  and  with 
walls  strong  enough  to  withstand  the  pressure  of  the  steam ;  between  the  two 
cylinders  steam  enters  from  a  neighbouring  boiler,  and  heats  the  internal 
cylinder  in  which  the  clothes  are  suspended ;  at  the  top  of  the  cylinder  is  a 
brass  box  which  dips  a  little  way  down,  and  is  pierced  with  holes  at  the 
bottom,  so  that  the  air  of  the  inner  cylinder  can  rise  into  it ;  in  the  box  is 
a  thermometer.    The  outer  cylinder  is  covered  with  wood,  and  the  top  of 
the  cylinder  with  felt,  to  economise  heat ;  the  steam,  when  it  condenses  in 
space  between  the  cylinders,  flows  out  by  means  of  a  valve,  which  is  lifted 
when  the  water  reaches  a  certain  point  in  the  condenser.    The  clothes  are 
introduced  at  the  top,  the  lid  of  the  cylinder  being  lifted  up  by  a  pulley ; 
thev  are  not  allowed  to  touch  the  cylinder,  but  are  suspended  from  wooden 
pe4    In  an  hour's  time  the  heat  can  be  brought  to  90°  R.  ( =  234  -5  Fahr.). 
Another  apparatus  has  been  contrived  by  Esse  for  mattresses.    It  is  an  iron 
case  with  a  spiral  steam  pipe  in  the  centre,  which  heats  with  compressed 

steam  (two  atmospheres).  ,     -r     -,  tt     -4-  i 

•  A  steam  cylinder  has  also  been  used  at  the  London  Fever  Hospital,  for 
disinfecting  the  feathers  used  as  bedding.  •     i  . 

The  ordinary  drying  closet  in  a  good  laundry  will  sometimes  give  heat 
enouah,  but  not  always.    A  baker's  oven  can  also  be  used  on  emergency 

The  question  of  temperature  has  been  much  discussed.  It  is  desirable  to 
aet  as  high  a  temperature  as  possible  so  as  to  ensure  the  destruction  of  disease 
IDoison.    On  the  other  hand,  the  temperature  must  not  be  too  high,  for  fear 

tlTflmd  ^haffine  fabrics  began  to  scorch  at  255"  to  260°  Eahr.  In 
some  experiments,  undertaken  at  the  request  of  the  Director-Cxeneral,  A.M.-U., 
rfoUowTng  resu  ts  were  obtained  -.-WooUen  fabrics  changed  colour  after  six 
h^W  ex^^^^^^^^   at  212°  Eahr.,  or  after  two  hours  at  220°  Falir. ;  generaU^ 
length  of  exposure  and  elevation  of  temperature  were  ^f^Pl^^f  ^^^^^^  f f  7, 
lllunen  showed  signs  of  change  of  colour  after  six  hours  at  212  Eahr  or 
tt  ZmTl  220°  Eahr.    Professor  E.  Vallin,3  of  Val  de  Grace  fomid  tha 
a  Piece  of  new  white /am.,eZ  was  not  more  discoloured  after  two  hours 
230°  Eahr.  Shan  after  one  ordinary  washing,  and  that  even  after  thre.  ho^ 
a  piece  already  washed  showed  no  change  ;  two  hours  howevej  at  240  Falu-^ 
to  950°  Fahr  showed  distinct  change.    Cotton  and  linen  did  not  change 
until  thev  had  been  exposed  for  two\ours  to  257°  Eahr.    The  strength  o 
Xe  mSid        not  diminished  (as  shown  by  a  dynamometer)  until  after 
Jwo  hours  a   300°  Eahr.    Eorse-han  became  friable  after  exposure  to  h 

f'rJ^""  X^^ZTi^  Ar     After  an  accident  at  the  Southampton 

1  Deutsche  Vierteljahrsch.  fur  off  Oesundhdtsg.ge,  Band  iii.:p.  534  (1871). 
d'Hygiine  Fro/essionelle,  1877. 
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modification  was  introduced  by  Dr.  Ransom ;  a  chain  with  a  link  of  fusible 
metal  is  set  free  by  the  melting  of  the  link  as  soon  as  300°  Fahr.  are  reached ; 
this  closes  a  door,  shuts  olf  the  gas,  and  prevents  any  further  rise  of  heat. 
In  the  Liverpool  Chambers  280°  Fahr.  has  been  registered,  and  no  less  than 
380°  Fahr.  in  the  drying  closet  over  the  Cockle  stove. 

There  is  no  doubt  considerable  variation  in  the  temperature  of  different 
parts  of  the  chamber,  and  the  effects  on  fabrics  vary  according  as  they  are 
placed  on  or  near  the  floor  and  sides,  or  suspended  in  the  centre  or  upper  parts. 
At  the  Southampton  Infirmary,  all  bedding  and  clothing  are  exposed  in  the 
chamber  after  every  occasion  of  use,  the  mean  temperature  being  under 
230°  Fahr.,  but  there  is  distinct  deterioration  of  fabric,  a  loss  incurred  design- 
edly in  order  to  secure  complete  destruction  of  disease  poison. 

As  before  stated,  we  have  no  reason  to  believe  that  disease  germs  will 
resist  a  temperature  of  220°  Fahr.,  or  even  212°  Fahr.,  if  completely  and 
thoroughly  exposed  to  it.  Even  when  liquids,  such  as  water  or  milk,  have 
been  infected,^  no  case  of  disease  has  ever  been  traced  to  the  use  of  such  liquids 
after  being  boiled.  It  seems  therefore  unnecessary  to  carry  the.heat  to  excess, 
220°  Fahr.  being  in  all  likelihood  sufficient,  or  even  212°  Fahr.  with  some 
length  of  exposure.  In  the  Anmj  Medical  Regidations  (1878)  (655a),  ex- 
posure to  a  temperature  of  not  less  than  212°  Fahr.  for  at  least  two  hours  is 
ordered. 

Soaking  and  Boiling  Clothes.— ThQ  boiling  of  clothes  is  not  generally 
considered  so  good  as  baking,  but  still  is  very  useful.  It  is  desirable  to  add 
some  chemical  agent  to  the  water,  and  chloride  of  lime  is  frequently  used  in 
the  proportion  of  1  gallon  of  the  strong  commercial  solution  to  20  or  30 
gallons  of  water.  Carbolic  acid  (1  part  of  pure  acid  and  2  parts  of  com- 
merciJil  acid  to  100  of  water)  is  also  much  employed.  The  German  mihtary 
regulations  order  the  clothes  to  be  laid  for  twenty-four  hours  in  a  solution 
of  sulphate  of  zinc,  in  the  proportion  of  1  part  to  120,  or  of  chloride  of  zinc, 
m  the  proportion  of  1  part  to  240,  and  then  to  be  washed  with  soap  and 
water,  if  the  clothes  cannot  be  baked.  The  routine  Dr.  Parkes  followed  in 
the  case  of  a  large  military  hospital  during  war  was  to  receive  all  dirty  clothes 

•1  \i  *°  P^^^g^  ^^^^  a*  o^ce  into  tubs  of  cold  water 

with  chloride  of  hme.  After  twelve  to  twenty-four  hours'  soaking,  according 
to  their  condition,  they  were  put  into  coppers  and  boHed,  chloride  of  lime 
being  again  added  to  the  water;  they  were  then  put  into  the  washing-machine, 
and  then  dried  and  baked  in  a  dry  closet,  heated  to  the  highest  point  that 
■could  be  got,  about  200°  to  230°  Fahr.  If  lice  were  very  numerous,  it  was  a 
good  plan  to  bake  the  clothes  before  soaking;  the  lice  were  mostly  killed 
^  w^^'^aaT^^®/''^^  ^^^P'"^'  and  were,still  living,  after  a  temperature  of  pro- 
bably 2U0  J^ahr.  They  could, ;^how ever,  be  shaken  out  of  the  clothes  easily 
even  if  not  dead. 

^  Fumigating  Clothes.— This  is  best  done  with  sulphur,  which  may  be  used 
m  the  hot  chamber,  as  in  Eraser's  oven,  or  the  clothes  are  suspended  in  a 
small  close  chamber  or  large  vat,  and  a  large  quantity  of  sulphur  is  set  on 
fare  care  being  taken  that  the  clothes  are  not  burnt.  Hair  mattresses  must 
be  taken  to  pieces  before  fumigation  if  they  be  much  defiled. i 

4.  Effects  of  Chemical  Agents. 

Although  numerous  experiments  have  been  made  upon  this  point,  yet  our 
knowledge  still  remains  somewhat  obscure.  A  large  number  of  substances  have 
^eenproposed,  and  many  actually  tried,  with  varying  results.    One  cause  If 

1  Army  Medical  Regulatims,  1878,  part  5,  section  v.  paras.  644-662. 
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discrepancy  has  been  the  somewhat  loose  way  in  which  the  term  disinfectant 
has  been  employed  in  cases  where  the  action  has  been  little  more  than 
deodorant.  Chemical  agents  may  be  divided  into— (a)  those  which  actually 
destroy  disease  poison  and  minute  organisms;  {h)  those  which  suspend 
vitality  and  propagation;  and  (c)  those  which  merely  deodoiise,  that  is, 
destroy  or  mask  smell.  Even  such  a  division  cannot  be  carried  out  con- 
sistently, and  all  that  we  can  say  is,  that  some  substances  act  powerfully  as 
destroyers  of  disease  poison  and  minute  life,  if  used  in  sufficient  quantity  and 
degree  of  concentration;  such  substances  are  also  generally  deodorants. 
Other  substances  do  not  appear  positively  to  destroy  disease  poison  or  minute 
life,  but  they  certainly  suspend  its  vitality  for  a  time,  and  we  may  therefore 
use  this  interval  of  suspension  advantageously  by  gettiug  rid  of  the  infected 
matter  without  danger  in  transit. 

A  further  division  of  chemical  agents  might  be  into  gaseous,  liquid,  and 
solid,  and  other  divisions  might  also  be  suggested.  Perhaps  the  most  con- 
venient plan  will  be  to  state  the  objects  to  be  attained,  and  consider  the  agents 
which  may  be  used. 

Purification  of  the  Air  hy  Chemical  Methods. 

The  great  purifying  actions  of  Nature  are  diffusion,  dilution,  transference 
by  winds,  oxidation,  and  the  fall  of  rain.  In  houses  the  power  of  ventilation 
is  the  only  safe  method,  but  some  effect  can  be  produced  by  chemical  agencies 
in  aid  of  ventilation.  * 

The  foreign  matters  in  the  air,  which  can  be  removed  by  chemical  means, 
are  carbon  dioxide,  hydrogen  sulphide,  ammonia  (usually  in  the  form  of 
ammonium  sulphide),  and  various  organic  substances,  arising  in  an  infinity 
of  ways,  some  being  odorous,  others  not,  and  of  the  physical  and  chemical 
nature  of  which  little  or  nothing  is  known.  Air  purifiers  are  also  used  to 
check  the  growth  of  fungoid,  infusorial,  or  bacteroid  organisms.  They  are 
used  in  the  form  of  solids  or  of  liquids,  which  may  absorb  the  substances 
from  the  air,  or  of  gases  which  may  pass  into  the  air,  and  there  act  on  the 
gases  or  molecular  impurities.  j     i  • 

(a)  Solid  Air  Pwrt/iers.— Dried  earth,  quicklime,  charcoal,  and  calcium 
and  magnesium  carbplates  (phenates),  a  mixture  of  lime  and  coal-tar,  are  the 

most  important.  ,        .  r  „ 

Of  these  charcoal  is  the  most  effectual.  It  presents  an  immense  smrface, 
and  has  a  very  extraordinary  power  of  separating  and  absorbing  gases  and 
vapours  from  the  atmosphere,^  and  oxidises  rapidly  almost  every  substance 
capable  of  it.  Its  action  is  not  indiscriminate,  but  elective  (A  Smith) ;  when 
charcoal  which  has  obsorbed  oxygen  is  warmed,  it  gives  off  CO2  (A  bmith),  a 
proof  of  its  great  oxidising  power.  Imposed  to  the  air  m  bags  or  shaUow 
pans,  its  actfon  is  rapid  and  persistent;  its  effect  ^«/^P^^-%^^^^^!^^;^ 
sewage  gases,  and  with  the  organic  emanations  m  disease.  _  It  also  absorbs 
hydrSgen  sulphide.  Its  power  of  purifying  air  from  organic  emanations  is 
reallv  ereat  and  can  be  employed  in  hospital  wards  with  advantage. 

ollTk^L  kinds  of  charcoal,  the  ani^nal  charcoal  has  the  highest  reputa 
tion  and  then  peat.    But  the  carbon  left  in  the  ^^^f  ^^^^^^^^^ 
has  been  stated  to  be  even  better  than  animal  charcoal.    If  vegetable  chaicoai 
brulTithould\e  rather  finely  powdered.  The 

charcoai  on  air  scarcely  lessen  with  time  if  the  charcoal  be  kept  diy.  ^^aico^ 
filters  to  be  placed  before  the  mouth  have  been  ^'^^^^.^^^t^^^^^^^^^^ 
and  might  be  useful  in  cases  of  very  impure  air.  ^^^^'^.p^^p  of  Jhe  htt  r 
inferioi°to  charcoal,  but  still  can  be  employed  in  the  absence  of  the  latter.^^ 

1  Sennebier,  quoted  by  Chevallier,  TraiU  des  D^sir^p.  146,  and  A.  Sniitli. 
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Quicklime  absorbs  COg  and  perhaps  compounds  of  sulphur,  and  has  been 
employed  for  that  purpose. 

Calcium  and  magnesium  carholates  have  been  also  used;  as  they  give  off  car- 
bolic acid,  their  action  is  probably  chiefly  in  that  way. 

{b)  Liquid  Air  Purifiers. — Solutions  of  potassium  permanganate  (Condy's 
red  fluid),  zinc  chloride,  and  lead  nitrate  are  sometimes  used,  being  either  ex- 
posed in  flat  dishes,  or  cloths  are  dipped  in  the  solution  and  exposed  to  the 
air.  They  act  only  on  the  air  which  comes  in  contact  with  them,  but  in  that 
way  absorb  a  good  deal  of  impurity.  Condy's  fluid,  when  well  exposed  to  the 
air,  seems  to  have  a  good  purifying  effect,  and  to  lessen  the  close  smell  of  ill- 
ventilated  rooms,  and  it  absorbs  hydrogen  sulphide,  and  so  will  also  solution 
of  nitrate  of  lead. 

(c)  Gaseous  Air  Purifiers. — The  evolution  of  gases  into  the  air  is  the  most 
powerful  means  of  purifying  it  independent  of.  ventilation.  The  principal 
gases  are  ozone,  chlorine,  fumes  of  iodine  and  hromine,  nitroiLS,  sidphurous, 
and  hydrochloric  acid,  carbolic  acid,  tar  fames,  acetic  acid,  ammonia. 

Ozone. — It  has  been  proposed  to  disengage  ozone  constantly  into  the  air  of 
a  room,  by  heating  a  platinum  wire  by  a  Bunsen  cell ;  by  half  immersing  a 
stick  of  phosphorus  in  tepid  water  in  a  wide-mouthed  bottle;  or  by  mixing 
very  gradually  3  parts  of  strong  sulphuric  acid  and  2  parts  of  permanganate 
of  potassium.  This  last  method  is  that  used  by  Dr.  Fox.i  The  amount  of 
ozone  can  be  measured  by  the  common  ozone  paper,  and  the  stopper  put  in 
if  the  tint  is  too  deep.  It  is  presumed  it  will  then  act  as  a  powerfid  oxidis- 
ing agency,  and  destroy  organic  matter,  as  it  certainly  removes  the  putrid 
efiluvia  of  decomposing  blood  (Wood  and  Richardson).  It  was  much  used 
by  Dr.  Moffat  in  cholera  and  cattle  plague. 

_  Chlorine. — Given  off  from  chloride  of  lime,  moistened  with  water,  or  with 
dilute  sulphuric  acid,  and  placed  in  shallow  vessels,  or  from  chloride  of  soda, 
or  evolved  at  once.  Four  parts  by  weight  of  strong  hydrochloric  acid  are 
poured  on  one  part  of  powdered  manganese  dioxide,  or  four  parts  of  common 
salt  and  one  part  of  manganese  dioxide  are  mixed  with  two  parts  by  weight 
ol  sulphuric  acid  and  two  of  water,  and  heated  gently.  According  to  the 
size  of  the  room,  the  actual  weight  of  the  substances  taken  must  vary.  Or 
two  table-spoonfuls  of  common  salt,  two  tea-spoonfuls  of  red  lead,  half  a 
wme-glassfid  of  sulphuric  acid,  and  a  quart  of  water  are  taken.  Mix  the  lead 
and  salt  with  the  water,  stir  well,  and  add  the  sulphuric  acid  gradually. 
Chlorme  is  evolved,  and  is  absorbed  by  the  water,  from  which  it  is  slowly 
driven  out.  It  may  be  kept  in  a  jar  or  stoppered  bottle,  left  open  as  occasion 
may  require.  ^ 

Chlorine  decomposes  hydrogen  and  ammonium  sulphides  at  once,  and  more 
certainly  than  any  other  gas.  It  doubtless  destroys  organic  matter  in  the 
air,  as  it  bleaches  organic  pigments,  and  destroys  odours,  either  by  abstracting 
hydrogen,  or  by  indirectly  oxidising.  Euchlorine,  a  mixture  of  chlorous  acid 
and  free  cMorine,  obtained  by  gently  heating  (by  placing  the  saucer  in  warm 
water)  a  mixture  of  strong  hydrochloric  acid  and  potassium  chlorate,  has 
been  also  used  instead  of  pure  chlorine.  It  has  been  strongly  recommended 
by  Trotessor  Stone  of  Manchester,  who  has  devised  a  special  apparatus  for 
its  disengagement.  He  also  uses  it  by  placing  fuming  hydrochloric  acid  in 
a  wme-glass,  and  adding  a  few  grains  of  chlorate  from  time  to  time  In 
that  way  there  is  no  danger  of  explosion,  as  sometimes  is  the  case  if  a 
large  quantity  of  chlorate  is  warmed  with  hydrochloric  acid.    The  odour  of 


^  Ozone  and  Anlozone,  p.  25. 

■■^  MecUock's  Record  of  Pharmacy  and  Therapeutics,  1858,  p.  20. 
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euchlorine  is  more  pleasant  than  that  of  chlorine  ;  it  acts  as  rapidly  on  iodide 
of  potassium  and  starch  paper,  and  appears  to  have  a  similar  action  on  organic 
substances  ;  it  is  probably  inferior  to  pure  chlorine,  but  the  ease  of  develop- 
ment and  its  pleasanter  smell  are  in  its  favour. 

Iodine  can  be  easily  diffused  through  the  atmosphere  by  placing  a  small 
quantity  on  a  hot  plate.  Dr.  Eichardson  proposes  to  saturate  a  solution  of 
peroxide  of  hydrogen  with  iodine,  and  to  add  2^  per  cent,  of  sea-salt ;  by 
"  atomising  "  or  "  pulverising  "  the  fluid  by  the  little  instrument  used  for  this 
purpose,  the  air  can  be  charged  with  iodine  and  sea-salt  spray  very  readily. 
Iodine  will  decompose  SHg,  and  destroys,  therefore,  much  odour.  Its  action 
was  investigated  by  Duroy  in  1854,i  who  showed  that  it  is  a  powerful 
arrester  of  putrefaction.  As  it  condenses  easily,  and  does  not  diffuse  every- 
where like  chloriue,  it  might  be  expected  to  be  less  useful  than  chlorine. 

Bromine. — In  the  American  civil  war  bromine  was  rather  largely  used  as 
an  aerial  disinfectant  3  a  solution  of  bromine  in  bromide  of  potassiuin  is 
placed  in  saucers  and  exposed  to  the  air;  the  vapour  is,  however,  very  irritat- 
ing, and  should  not  be  disengaged  in  too  large  an  amount. 

Nitrous  add  or  Nitrogen  tetr oxide  can  be  evolved  by  putting  a  bit  of 
copper  in  nitric  acid  and  a  little  water.  The  nitrogen  dioxide  which  is  given 
off  takes  oxygen  from  the  air,  and  red  fumes,  consisting  chiefly  of  nitrogen 
tetroxide  or  nitrous  acid  (NOg),  are  formed. 

The  oxidising  action  of  nitrous  acid  is  very  great  on  organic  matter.  It 
removes  the  smell  of  the  dead-house  sooner  than  any  other  gas.  It  is  rather 
irritating  to  the  lungs,  and,  in  some  persons,  large  quantities  of  it  cause 
vertigo,  nausea,  and  even  vomiting. 

The  action  of  nitrous  acid  results  from  the  ease  with  which  it  parts  with 
oxygen  to  any  oxidisable  substance,  being  converted  into  nitrogen  dioxide, 
which  again  at  once  combines  with  atmospheric  oxygen,  and  so  on. 

Sulphurous  Add  or  Sulphur  dioxide.— ^o^t  easily  evolved  by  burning 
sulphur.  It  decomposes  hydrogen  sulphide  (SOg  +  2SH2  =  3S  -I-  2OH2),  and 
also  combines  with  ammonia.  It  has  also  been  supposed  to  act  powerfully 
upon  organic  matter  (Graham),  and  probably  does  so  if  ammonia  is  not 
present  Guyton-de-Morveau,  who  studied  the  action  of  this  acid,  was  ot 
opinion  that  it  completely  disinfects  miasms,  and  gives  some  evidence  on  this 
point.    It  must  be  used  in  large  quantity,  .  .  ^ 

Hydrocldoric  ^c^•(^,— The  fumes  of  this  acid  were  used  by  Guyton-de- 
Morveau,  and  at  one  time  they  were  much  employed,  but  the  action  ot 
chlorine  is  so  much  more  powerful  that  they  are  now  seldom  used. 

Carbolic  Add.—Thi^  substance  is  given  off  when  solid  carbo he  acid  is 
placed  in  a  saucer,  or  when  the  hquid  acid  and  water  are  sprink  ed  about 
or  still  better,  when  one  part  of  the  acid  and  two  of  ether  are  allowed  to 
evaporate.  It  is  difficult  to  measure  its  action,  as  it  decomposes  solution  ot 
potassiuni  permanganate,  which  cannot  therefore  be  used  as  a  measure  of  the 
orcranic  impurity  of  air  when  carbolic  acid  vapours  are  present. 

Dr  San?om2  has  shown  that  when  the  acid  evaporates,  1  gram  of  carbohc 
acid  is  taken  up,  at  different  temperatures,  by  the  following  amounts  of  air, 
^7  by  320  75^'cubic  inches  at  50°  Tahr.,  by  159-44  cubic  inches  at  60 
Fahr  and  bv  93-75  cubic  inches  at  70°  Fahr,  Vaporisers  for  carbolic  acid 
Ws  have  been  made\y  means  of  which  carbolic  acid  falls,  drop  by  drop, 
'ra  hot  me^^^^^^  Dr.  Langstaff^  has  invented  a  trough,  contammg 

3  Savory  and  Moore's  vaporiser  IS  figured  by  Sansoi^^^ 

*  Hospital  Hygiene,  by  Charles  LaiigstafF,  M.D.,         p.  -U. 
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flannel  wetted  with  water  and  carbolic  acid  (1  part  of  acid  and  20  of  water), ' 
which  is  placed  in  the  inlet  ventilating  tubes ;  he  finds  that  at  a  temperature 
of  57°,  four  ounces  of  water  are  taken  up  in  twenty-four  hours,  and  this  will 
keep  the  air  of  a  room,  22  feet  x  10  and  11  feet  high,  thoroughly  impregnated 
with  the  odour.  Carbolic  acid  conceals  all  odours,  though  it  will  not  destroy 
hydrogen  sulphide  if  it  exists;  it  lessens  the  rapidity  of  putrefaction  of 
animal  substances  suspended  in  a  room,  and  they  also  dry  faster,  according 
to  Langstair.  It  also  rapidly  arrests  the  growth  of  fungi,  though  it  will  not 
completely  destroy  them;  for  example,  some  fresh  fjecal  matter,  free  from  urine, 
was  put  in  a  bottle,  and  air  washed  in  strong  sulphuric  acid  drawn  over  it ; 
fungi  appeared  rapidly  on  the  faecal  matter.  Air  impregnated  with  carbolic 
acid  was  then  passed  over  the  fungi ;  they  became  discoloured,  brownish, 
and  apparently  died ;  but  on  again  substituting  washed  air,  they  revived. 
Ihe  rapid  destruction,  and  the  as  rapid  recovery  and  regrowth,  could  be 
repreated  many  times,  and  showed  that  the  carbolic  acid  air  had  withered 
without  actually  killing  the  fungi. 

The  small  growing  ceUs  suspended  in  the  air  are  also  stopped  in  their 
growth  (according  to  Trautman);  and,  in  fact,  the  action  of  carbolic  acid 
may  be  said  to  be  restraint  of  putrefaction  and  liuiitation  of  growth  of  low 
forms  of  aerial  hfe.i  The  exact  mode  in  which  it  acts  is  uncertain.  When 
in  some  quantity,  it  coagulates  albumen ;  and  it  has  been  supposed  to  be  in 
tins  way  that  it  restrains  putrefaction.  2 

A  mixture  of  1  part  of  carbolic  acid  and  9  of  vinegar,  and  a  little  camphor. 
Has  been  used  as  a  disinfectant  in  cabins  on  board  ship 

Coal-tar  and  Bitumen  Fumes.~Thx^  is  an  old  plan  much  used  in  the  last 
century;  the  fumes  contain  carbolic  and  cresylic  acids  with  other  substances, 
and  It  IS  presumed  have"  the  same  efiFect  as  carbolic  acid.  The  substance 
employed  by  Siivern,  and  which  has  had  some  reputation  in  Germany  owes 
Its  success  as  an  air-purifier  to  the  fumes  of  coal-tar 

V%negaT  and  Ammonia.~T^^  vapour  of  vinegar  is  an  old  remedy,  and 
was  much  employed  by  Howard  in  the  purification  of  jails ;  the  efficient 
agents  were  probably  heat  and  ventilation,  which  Howard  niade  use  of  at 
the  same  time.    The  vmegar  would,  of  course,  neutralise  any  ammoniacal 

i^u^y^TZt""^^^  likely  to  be  a  purifier, 

an^SectrLe  t""  '^^^^^^^^^^^^  ^  -^^^  -^^^-^  its  vapour  ma'y  have 
It  will  be  observed  that  the  chief  gases  attacked  by  the  air-purifiers  are 
hydrogen  and  amnionium  sulphide,  which  are  easily  destroyed  by  several 
agents,  especially  by  chlorine,  iodine,  and  sulphurous  acid  gas  ^ 
kind  in'Cnf.  \  floating  organic  vapours  or  molecules  of  whatever 
niffrom  cW^  air-purifiers,  has  been  hitherto  derived 

aftr  th^act'^^^  ? '^^^  ^^^^^^^^  matter  before  and 

alter  the  action  of  the  purifiers,  but  from  their  influence  on  odours  and  on 
other  organic  substances  where  their  action  is  more  easily  followed     But  the 

7l^:t,Z^TolT  Tl^'^^^'^l  ^^^^  little Wof  the" 
LtrucHnn  nf  1  '  ^'^^^^       possibility  of  effecting  the 

aestruction  of  disease  germs  by  fumigation  of  any  kind.*  ^ 

J  Lemaire,  Crookes,  Sansom,  and  others. 
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The  mode  of  action  of  the  air-purifiers  may  be  conceived  to  vary.  Ozone 
and  nitrous  acid  will  directly  oxidise  all  substances  which  can  be  so  acted 
upon.  Chlorine  may  act  by  substitution  for  hydrogen,  or  it  may  take  hydro- 
gen and  oxidise  indirectly  by  liberating  oxygen ;  bromine  and  iodme  may  also 
take  hydrogen  in  the  same  way.  Sulphurous  acid  more  probably  deoxidises 
and  forms  sulphuric  acid.  In  other  cases,  it  seems  probable  that  neither  sub- 
stitution nor  oxidation  nor  the  reverse  takes  place,  but  that  the  action  is  one 
of  restraint  of  putrefaction  and  of  Hmitation  of  the  growth  of  cryptogamic  hfe. 
At  least  this  may  be  inferred  from  the  experiments  of  Crookes,  Lemaire,  and 
others  on  the  action  of  carbolic  acid  on  low  forms  of  life  growing  in  liquids. 
In  practically  carrying  out  aerial  purification,  great  care  is  necessary  to  ensure 
that  the  gas  or  vapour  is  diffused  everywhere  tlirough  the  room,  and  that  it  is 
constantly  present. 

PuHfication  of  Rooms  after  Infectious  Diseases.— addition  to  thorougH 
cleansing  of  all  wood-work  with  soft  soap  and  water,  to  which  a  little  carbolic 
acid  has  been  added  (1  pint  of  the  common  liquid  to  3  or  4  gallons  of  water), 
and  to  removal  and  washing  of  all  fabrics  which  can  be  removed,  and  brush- 
ing of  the  walls,  the  room  should  be  fumigated  for  three  hours  with  the  fumes 
of  either  sulphurous  or  nitrous  acids.  Both  of  these  are  beheved  to  be 
superior  to  chlorine,  especiaUy  in  smallpox.  All  doors  and  windows  and  the 
chimney  being  closed,  and  curtains  taken  down,  sulphur  is  put  in  a  metaUic 
dish,  a  little  alcohol  is  poured  on  it,  and  it  is  lighted.  The  proportions  should 
be  I  S)  of  sulphur  for  every  1000  cubic  feet  of  space;  and  m  a  long  room, 
it  is  best  to  have  the  sulphur  in  two  or  more  places.  After  three  hours  the 
doors  and  windows  should  be  opened,  and  kept  open  for  twenty-tour  or 

'^L7th«    a  much  larger  proportion,  viz.,  J  ounce  for  every  ten  cubic 
feel    Even' this  is  not  an  excessive  amount.    The  f-tity  gven  above 
vields  little  more  than  1  per  cent,  to  the  quantity  of  ai^-  ^T^fT^.  ^.f,^ 
Sphur  produces  1 1  '7  cubic  feet  of  sulphurous  acid  gas  and  this  diluted  with 
TOOOX  Lt  of  air  gives  only  MT  per  cent  ^f^^l^^:l:^fZ 
vields  0-366  of  a  cubic  foot  of  the  gas,  and  this  for  10  cubic  feet  oi  air  gives 
3-66  per  cent     Baxter  found  that  0194  to  1  per  cent,  destroyed  the  repro- 
ductive power  of  septic  microzymes  in  an  albuminous  or  aqueous  medium 
but  wTth  ^      per  cent,  the  poison  of  infective  inflammation  was  stiU  active^ 
vlTil^l'deL.^^^  after  %  niinutes'  e_to  an  atm^^^^^^^^^^^ 
witli  S0»  whilst  chlorine,  or  carbolic  acid,  took  30  minutes  •^fV>^^^^-^ 
conclndes'  that  for  aerial  disinfection  SO,  is  the  most  convenient,  but  that  the 

Sl^Pd^teefrqu^'^^^^ 

may  be  a  source  of  danger.    An  ounce  ^"^^^^"^  ■    „  „„„cej, .  it  also 

-r^Mtitrdtoi^t^fw^r^^^^^^^^^ 

In  a  sick-room  the  vessel  from  which  it  is  f^^^^^J^f^  '  l7hospitals  with 
^Z^trCCZ^^StfX^^^  -  a.U  there 

should  be  a  slight  odour  always  perceptible.  effectual  disinfection 

It  ought  to  be  clearly  understood  that  anything  lil.e  etiectuai  j 
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is  only  possible  bj  fumigation  when  the  air  is  rendered  irrespirable  for  the 
Therefore  any  attempt  whilst  a  room  is  in  actual  occupation  can 
only  be  successful  in  deodorising;  experiment  having  shown  that  minute 
organisms  are  not  destroyed  by  anything  short  of  poisonous  doses  which 
would  prove  fatal  to  man  or  the  higher  animals.  If,  however,  the  germs  of 
disease  are  (as  is  suspected)  much  more  vulnerable  than  ordinary  putrefactive 
Badena,  partial  fumigation,  such  as  may  be  employed  in  a  sick  room,  may 
do  some  good.  Even  the  deodorisation  alone  wiU  be  an  advantage,  but  it  is 
well  not  to  depend  too  much  upon  it  as  a  disinfectant,  and  so  permit  it  to 
vSation  ^^^ow  it  to  interfere  with  complete  and  perfect 

With  regard  to  the  effect  of  chemical  reagents  on  low  forms  of  vegetable 
and  annual  life,  the  works  of  Sansom,i  of  Dr.  Dougall,^  and  the  papers  of 
Calvert 3  may  be  consulted;  it  need  only  be  mentioned  here  that,  according 
to  Uougall,4the  most  powerful  agents  in  destroying  "animalcule"  are  the 
lollowmg  substances  :-Sulphate  of  copper,  chloride  of  aluminum,  chromic 
f  "^f"  of  potassium,  dichloride  of  mercury,  benzoic  acid, 
strv^bl-n^f  '  chloral  hydrate,  hydrocyanic  acid,  alum,  h;drochlorate  of 
less  eScious^'''     ^      '  arsenious  acid,  picric  acid,  and  others  which  are 

Picots  has  stated  that  silicate  of  soda,  even  in  very  small  quantitv  arrests 
putrid  fermentation  and  retards  other  fermentations,  and  is^ery  usefS  t 
the  treatment  of  blennorhagic  urethral  discharge  in  ^omen.  It  ako  opposS 
If  si^^ff  rl'r^  ^^T''  glycogenous  matters  of  theTver 

alsottivefn  th  ""i  effect,  may  not  some  of  the  other  silicates  be 
ttis  proTuced  antiputrescent  power  of  some  soils  be 

cSorm  c.  bni     T  °f  ^^'^t^ria  to  be  best  arrested  by 

ore  e  nZd  ^^^^^^^  prussic  acid,  and  strong  solutions  of  quinine,  in  the 
ments  on  tt  W^f  '  ^'^^  ^^T^J  Surgeon-General)  made  many  experi- 
Sen  rua         Z  \  Ti^'^f''''      f  ^^^'"^'^  oi  meat  and  other 

TowerfTa W  /°  Vot^^^ium  dichromate  to  be  the  most 

Ll7w  L  cSi  "^^^^^^^^  «f  B^^^t^ria,  and  after  it,  but  far 

wrToun?to  be  of  no  I  1        "\      ^'^'^^  efficacious.  The  sodium  dikilphite 

anf  de  Chaumnnt  f''''^''''f''^'  ^^^^  at  l^etley  by  Drs.  Macdonald,  Ltter, 

ainary  Bacteria  and  disinfection.  Thus  potassium  permanganate  is  a  disinf ect- 

by/o^ n  DotgSu8?r"  ^-^^  ''"'^^^^^^^  -  ^'--^-^      Germination  ofAni^nalcul^ 
«  A^y  Medical  Department  Report  for  1871,  vol  xlf^fsts)^''''^"''  ^^^2- 
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ant,  but  has  little  action  on  Bacteria;  alcohol,  on  the  other  hand,  jirevents 
the  development  of  the  latter,  but  is  no  disinfectant. 

5.  Disinfection  in  various  Diseases. 

Exanthemata,  Scarlet  Fever,  and  Rdtheln—The  points  to  attack  are  the 
skin  and  the  throat.  The  skin  should  be  rubbed,  from  the  very  commence- 
ment of  the  rash  until  completed  desquamation,  with  camphorated  oil,  or  oil 
with  a  little  weak  carbolic  acid.  The  throat  should  be  washed  with  Condy's 
fluid,  or  weak  solution  of  sulphurous  acid.  Clothes  to  be  baked,  or  to  be 
placed  at  once  in  boiling  water,  to  every  gallon  of  which  2  ounces  of  com- 
mercial chloride  of  lime,  or  1  ounce  of  sulphate  of  zinc,  or  J  fluid  ounce  of 
chloride  of  zinc,  is  added.  The  clothes  should  not  be  washed  at  a  common 
laundry.  . 

Chlorine  or  euchlorine  may  be  diffused  in  the  air,  the  saucer  being  put 
some  little  distance  above  the  head  of  the  patient.  Carbolic  acid  and  ether 
or  carbolic  acid  spray  may  be  used  instead.  .  •  f  . 

In  this,  as  in  all  cases,  there  can  be  no  use  in  using  aerial  disinfectants, 
unless  they  are  constantly  in  the  air,  so  as  to  act  on  any  particle  of  poison 
which  may  pass  into  the  atmosphere. 

Smallpox.— The  skin  and  the  discharges  from  the  mouth,  nose,  and  eyes 
are  to  be  attacked.  There  is  much  greater  difficulty  with  the  skm,  as  inunction 
cannot  be  so  weU  performed.  But  smearing  with  oH  and  a  little  carbolised 
glycerine,  or  in  difficult  cases  applying  carbolised  glycerine  to  the  papules  and 
commencing  pustules,  might  be  tried.  The  permanganate  and  sulpliurous 
acid  solutions  should  be  used  for  the  mouth,  nose,  and  eyes,  ihe  ciottnng 
should  always  be  baked  before  washing,  if  it  can  be  done,  ihe  particles 
which  pass  into  the  air  are  enclosed  in  smaU  dried  pieces  of  pus  and  epithelial 
scales;  and  Bakewell,  who  has  examined  them,  expresses  great  doubt  wlietner 
any  air-purifier  would  touch  them.  i  t.i  t 

Measles.~Oi\y  applications  to  the  skin  and  an:-purifiers,  and  chloride  of  zmc 
or  of  aluminum  in  the  vessels  receiving  the  expectoration,  appear  to  be  the 

proper  measures.  „  .    ,  , 

Typhus  (exanthematicus).-T^o  measures  seem  sufficient  to  P^^^l^ent  be 

spread  of  typh^s-viz.,  most  complete  ventilation  .^J^^^^^^J^^^T!^^^,^ 
and  cleansing  of  clothes.  But  there  is  also  more  evidence  oi^^^  ^^^m^^^ 
purifiers  than  in  the  exanthemata.    The  nitrous  acid  fumes  ^  very 

largely  towards  the  close  of  the  last  century  and  the  beginning  of     s,  m^^^^^^ 
hulks  and  prisons  where  Spanish,  French,  and  Kussian  P^^«o^^^«  .f^  Y^^^J^:^ 
confined.1    At  that  time,  so  rapidly  did  the  disease  ^P^^J^^";,^!^^^^^^^ 
SDace=^  where  so  many  men  were  kept,  that  the  efficacy  even  of  venti  ation 
rs'doubted  though  [here  can  be  no  Wion  that  — 
which  was  necessary  was  very  much  underrated.    Both  at  W  mcnestei  ana 
Sheerness  the  circumstances  were  most  difficult;  at      ^f^/^^  f/^^^^ 
in  the  hulk,  socmen,  150  of  whom  had  typhus,  f °f .^^^ 3^^^^^^^ 

together;  10  attendants  and  24  men  of  the  '^^Y^M^te  h^^^l 
officers  had  died  when  the  experiments  commenced  ^^^f  .^^ J^^^^^^^^^^^^^ 
one  attendant  only  was  attacked,        ^^^^^^t  Zl^^^^^^^^^ 
already  sufi-ering  became  milder.    In  1  /  97  it        ^V"^'    ,  surcroons  It 
and  many  reports  were  made  on  the  subject  by  army  and  naval  suigcons. 

X  It>v.s  used  at  Winchester  in  1780  by  Ca^^^^^^^^ 
Smith  published  several  accouuts.— ^»  Account  ^jE^^"'"'' 
Lords  Commissioners  of  ihe  Admiralty/,  by  J.  O.  bmitn, 
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was  subsequently  largely  employed  oa  the  Continent,  ^  and  everywhere  seems 
to  have  been  useful. 

These  facts  lead  to  the  inference  that  the  evolution  of  nitrous  acid  should 
be  practised  in  typhus  fever  wards,  proper  precautions  being  taken  to  diffuse 
it  equally  through  the  room,  and  in  a  highly  dilute  form. 

Hydrochloric  acid  was  employed  for  the  same  purpose  by  Guyton-de- 
Morveau,  in  1773,  but  it  is  doubtless  much  inferior  to  nitrous  acid.  Chlorine 
has  been  also  employed,  and  apparently  with  good  results.  ^ 

In  typhus  it  would  seem  probable  that  the  contagia  pass  off  constantly  by 
the  skin  ;  at  least,  the  effect  of  ventilation,  and  the  way  in  which  the  agent 
adheres  to  body  linen,  seem  to  show  this.  The  agent  is  not  also  enclosed  in 
quantities  of  dried  discharges  and  epidermis,  as  in  the  exanthemata,  and  is 
therefore  less  persistent,  and  more  easily  destroyed,  than  in  those  cases. 
Hence  possibly  the  greater  benefit  of  fumigations,  and  the  reason  of  the  arrest 
by  ventilation.  The  clothes  should  be  baked,  steeped,  and  washed,  as  in  the 
exanthemata. 

Bubo  Plague. — The  measures  would  probably  be  the  same  as  for  typhus. 

Enteric  [Typlioid)  Fever. — The  bowel-discharges  are  believed  to  be  the 
chief,  if  not  the  sole,  agents  in  spreading  the  disease;  effluvia  from  them 
escape  into  the  air,  and  will  adhere  to  walls,  and  retain  power  for  some  time, 
or  the  discharges  themselves  may  get  into  drinking  water.  Every  discharge 
should  be  at  once  mixed  with  a  powerful  chemical  agent ;  of  those,  cliloride 
and  sulphate  of  zinc  have  been  chiefly  used,  but  sulphate  of  copper  (which 
Dougall  found  so  useful  in  stopping  the  growth  of  animalculse),  chloride  of 
aluminum,^  nitrate  of  lead,  strong  solution  of  ferrous  sulphate  (1  ounce  to  a 
pint  of  water),  or  carbolic  acid.*  After  complete  mixing,  the  stools  must  be 
thrown  into  sewers  in  towns ;  but  this  should  never  be  done  without  previous 
complete  disinfection.  In  country  places  they  should  be  deeply  buried  at  a 
place  far  removed  from  any  water  supply ;  they  should  never  be  thrown  on 
manure  heaps  or  into  middens,  nor  into  earth  closets,  if  it  can  possibly  be 
avoided.  As  the  bed-clothes  and  beds  are  so  constantly  soiled  with  the 
discharges,  they  should  be  baked,  or  if  tliis  cannot  be  done,  boiled  immediately 
after  removal  with  sulphate  or  chloride  of  zinc.  It  would  be  less  necessary 
to  employ  air-purifiers  in  this  case  than  in  others. 

Cholera. — There  can  be  little  doubt  that  the  discharges  are  here  also  the 
active  media  of  conveyance  of  the  disease,  and  their  complete  disinfection  is 
a  matter  of  the  highest  importance.  It  is,  however,  so  difficult  to  do  this 
with  the  immense  discharges  of  cholera,  especially  when  there  are  many 
patients,  that  the  evidence  of  the  use  of  the  plan  in  the  last  European 
epidemic  is  very  disappointing. 

The  ferrous  sulphate  (green  vitriol),  which  has  been  strongly  recommended 
by  Pettenkofer  as  an  addition  to  the  cholera  evacuations,  was  fully  tried  in 
1866  at  Frankfurt,  Halle,  Leipzig,  in  Germany,  and  at  Pill,  near  Bristol,5and 
m  those  cases  without  any  good  result.  In  other  places,  as  at  Baden,  the 
benefit  was  doubtful.  It  seemed  to  answer  better  with  Dr.  Budd  and  Mr. 
Davies  at  Bristol,  but  other  substances  were  also  used,  viz.,  chlorine  gas  iii 
the  rooms,  and  chloride  of  lime  and  Condy's  fluid  for  the  linen.    On  the 


1  Chevallier,  TraiU  des  Desinfectants,  pp.  39,  40 

2  TiitZ.,  pp.  14,  15. 


In  speaking  of  chloride  of  aluminiim,  reference  is  always  made  to  the  strone  solution  «,.ri 
Solution  "chor-alum,"  which,  though  useful  in  various  ways,  is  yet  a  Weak 


*  Or  a  mixture  of  two  or  more  (Budd).    Be  lavish  (says  Budd)  in  the  u<?p  nf  oharr.;  ^ 
rather  than  run  the  terrible  risk  by  failing  by  default.  '  ^  chemicals, 

*  Tibbets,  Medical  Times  and  Gazette,  October  1867. 
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whole,  it  seems  to  have  been  a  failure. ^  Ferric  sulphate,  with  or  without 
potassium  permanganate,  has  been  recommended  by  Kiihne,  instead  of  ferrous 
sulphate,  but  there  does  not'  appear  to  be  any  evidence  on  the  point.  Carbolic 
acid  was  largely  used  in  England  in  1866,  and  appeared  in  some  cases  to  be 
of  use,  as  at  Pill,  near  Bristol,  and  perhaps  in  Southampton,  It  failed  at 
Erfurt,  but  as  it  is  believed  the  wells  were  contaminated  by  soakage,^  this  is 
perhaps  no  certain  case.  Chloride  of  lime  and  lime  were  used  at  Stettin 
without  any  good  result,  and,  on  the  whole,  it  may  be  said  that  the  so-called 
disinfection  of  the  discharges  of  cholera  does  not  seem  to  have  been  attended 
with  very  marked  results.  At  the  same  time,  it  cannot  be  for  a  moment 
contended  that  the  plan  has  had  a  fair  trial,  and  we  can  easily  believe  that 
unless  there  is  a  full  understanding  on  the  part  of  both  medical  men  and  the 
public,  of  what  is  to  be  accomplished  by  this  system,  and  a  conscientious 
carrying  out  of  the  plan  to  its  minutest  details,  no  safe  opinions  of  its  efficacy 
or  otherwise  can  be  arrived  at.  It  would  be  desirable  to  try  the  effect  of 
chromic  acid  or  potassium  dichromate. 

With  regard  to  air-purifiers,  little  evidence  exists.  Chlorine  gas,  diffused 
in  the  air,  was  tried  very  largely  in  Austria  and  Hungary  in  1832,  but  with- 
out any  good  results.  Mtrous  acid  gas  was  used  at  Malta  in  1865,  but 
apparently  did  not  have  any  decided  influence,  although  Ramon  de  Luna 
has  asserted  that  it  has  a  decided  preservative  effect,  and  that  no  one  was 
attacked  in  Madrid  who  used  fumigations  of  nitrous  acid.  But  negative 
evidence  of  this  kind  is  always  doubtful.  Charcoal  in  bulk  appears  to  have 
no  effect ;  Dr.  Sutherland  saw  a  ship's  crew  severely  attacked,  although  the 
ship  was  loaded  with  charcoal. 

Carbolic  acid  vapour  diffused  in  the  atmosphere  was  largely  used  in  1866 
in  England ;  the  liquid  was  springled  about  the  water,  and  sawdust 
moistened  with  it  was  laid  on  the  floors  and  under  the  patients.  The  effect 
in  preventing  the  spread  of  the  disease  was  very  uncertain.  The  lighting 
of  sulphur  fires  in  infected  districts  has  been  recommended  in  India. 

Yelloio  Fever. — In  this  case  the  discharges,  especially  from  the  stomach, 
probably  spread  the  disease,  and  disinfectants  must  be  mixed  with  them. 
Fumigations  of  nitrous  acid  were  employed  by  Eamon  da  Luna,^  and  it  is 
asserted  that  no  agent  was  so  effectual  in  arresting  the  spread  of  the  disease. 

Dysentery. — It  is  well  known  that  dysentery,  and  especially  the  putrid 
dysentery,  may  spread  through  an  hospital  from  the  practice  of  the  same  close 
stool  or  latrines  being  used.  As  long  ago  as  1807  fumigations  of  chlorine 
were  used  by  Mojon,*  to  destroy  the  emanations  from  the  stools,  and  with 
the  best  effects.  The  chlorine  was  diffused  in  the  air,  and  the  stools  were  not 
disinfected;  but  this  ought  to  be  done,  as  in  enteric  fever,  and  especially  in 
the  sloughing  form.  It  is  probable  that  carbolic  acid  in  large  quantity  would 
be  efficacious. 


1  In  Dr  Parkes'  experiments  on  sewage  putrefaction  {Army  Med.  Reports  yo\.  vm.  p.  318), 
ferrous  sulphate  bad  very  little  action  in  preventing  putrefaction  and  the  Committee  of  the 
STn  Medical  Society  declined  to  recommend  it  for  cholera,  as  they  foimd  it  did  not  prevent 
fermentative  action.  ^  •  /^ 

2  mnth  Report  of  the  Medical  Officer  to  tlie  Pnvy  Council. 

:  l^S^o^dT^TuoteTi^^  are  interesting  :-;'The  dysenteiy  became  conta^^^^^^ 

in  tl^  HospSal  at  Genoa  ;  almost  all  the  sick  in  my  division,  nearly  200  were  attacked  ;  ami 
S  we  Sow  that  this  disease,  when  contagious,  is  conmiunicate-i  ordinarily  from  one  person  to 
another  bTthe  abuse  which  exists  in  aU  hospitals  of  makmg  the  same  latrines  serve  foi  all 
tKickofa  waKl  I  wished  to  see  if  fumigations  of  chl6rine  had  the  power  ot  destropng  t  cm; 
ronta^ous  eSi^^^^^^  I  therefore  caused  fumigations  to  be  ^Kr^ad^Ld 
and,  in  a  few  days,  I  was  able  to  destroy  that  terrible  scourge  which  akeady  had  made  some 
victims." 
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With  respect  to  Erysipelas,  Diplitheria,  Syphilis,  Gonorrhoea,  Glanders, 
and  Farcy,  local  ajjplications  are  evidently  required,  and  carbolic  acid  in 
various  degrees  of  strength,  and  the  metallic  salts,  are  evidently  the  best 
measures.  1 

Cattle  Plague. — The  experiments  made  by  Mr.  Crookes  on  the  disinfectant 
treatment  of  cattle  plague  with  carbolic  acid  vapour  have  an  important  bearing 
on  human  disease.  Although  the  observations  fall  short  of  demonstration, 
there  are  grounds  for  thinking  that  when  the  air  was  kept  constantly  filled 
with  carbolic  acid  vapour,  the  disease  did  not  spread.  So  also  euchlorine  was 
employed  in  Lancashire  by  Professor  Stone  of  Manchester,  and  with  apparent 
benefit.  Dr.  Moffat  employed  ozone  (developed  from  phosphorus  exposed  to 
the  air),  and  he  believes  with  benefit. 2  As  such  experiments  are  very  much 
more  easily  carried  out  on  the  diseases  of  animals  than  on  those  of  men,  it  is 
much  to  be  wished  that  the  precise  efi'ect  of  the  so-called  disinfectants  should 
be  tested  by  continuing  the  experiments  commenced  by  Mr.  Crookes,  not  only 
in  cattle  plague  in  the  countries  where  it  prevails,  but  in  epizootic  diseases 
generally. 

Among  other  substances  which  may  be  used  are  Jeyes'  Perfect  Purifier 
and  Little's  Absolute  Phenol,  both  coal-tar  preparations';  SporoUon,  a  con- 
centrated solution  of  sulphurous  acid ;  and  many  others. 

6.  Deodorisation  of  Sewage. 

A  very  great  number  of  substances  have  been  added  to  sewage  for  the 
purpose  of  preventing  decomposition  and  retaming  the  ammoniacal 
compounds. 

1.  Charcoal,  which  soon,  however,  gets  clogged  and  loses  its  power  •  it  is 
not  nearly  so  useful  when  used  in  this  way  as  in  the  purification  of  air. 
When  m  relatively  large  quantity  it  decomposes  the  ammonia  and  sets 
nitrogen  free,  and  so  diminishes  the  agricultural  value.    SiUar's  preparation 
(A,  B,  L  deodorant)  is  a  mixture  of  animal  charcoal,  blood,  clay,  and  alum 
refuse.    Under  the  name  of  native  guano,  the  resulting  product  seems  to  be 
of  value.    Messrs.  Weare  &  Co.'s  is  also  a  charcoal  process. 
.  \        Earth  especially  humus,  and  marly  and  clayey  soUs ;  the  effect  is 
similar  to  that  of  charcoal,  but  it  is  not  so  soon  clogged.    Bird's  preparation  is 
ferruginous  clay,  moistened  with  sulphuric  acid,  and  then  dried  and  pulverised 
6   QmcMime  is  sprinkled  over  the  solid  excreta,  or  quicklime  and  water 
added  to  sewer  water,  tm  a  deposit  occurs,  leaving  a  clear  fluid  above.  This 
IS  a  very  imperfect  method,  and  the  solid  deposit  has  little  or  no  value  as  a 
manure. 

From  15  to  16  grains  of  quicklime  are  enough  for  1  gallon  of  sewage,  or 
20  cwt.  per  million  gallons.    At  Leicester  580  tons  of  quicklime  wer?used 
per  anniim  for  4  700,000  tons  of  sewage.    The  process  hL  now  been  discon 
tmued  there,  but  is  still  partially  employed  at  Birmingham  and  elsewhere 

Hanson  s  process  consists  in  the  use  of  slaked  lime  and  black  ash  refuse '  or 
the  soda  and  tank  waste  from  the  alkah  works,  mixed  with  sulphuric  acid 

4.  <^lieap  salts  of  alumina,  and  then  lime,  or  alum  sludge,  lime,  and  waste 
anima  charcoal  (Manning),  or  zinc  and  charcoal  (Stothert's  processt  l  B  C 
(biUar  s  process),  chloride  of  aluminum  (chlor-alum).  h  y 

Haw^de'^flTef^  ^^^■^^'"^■^        ^P''^^'  <^holera,  by  F.  Moffat,  M.D.,. 
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The  alumina  precipitated  by  the  lime  forms  a  very  bulky  precipitate,  well 
suited  to  the  entanglement  of  suspended  matters.  The  clearance  of  the  sewage 
is  more  perfect  than  with  lime  alone,  but  otherwise  the  process  and  the 
objections  are  the  same,  and  the  cost  is  greater.  The  whole  of  the  phosphoric 
acid  is  precipitated  as  aluminum  phosphate.  To  a  gallon  of  sewage  water 
there  vshouldbe  added  73|  grains  of  aluminum  sulphate,  3^  grains  of  sulphate 
of  zinc,  73|  grains  of  charcoal,  and  16f  grains  of  quicklime. 

Ghlor-alum  is  a  weak  solution  of  chloride  of  aluminum;  it  is  not  a  very 
powerful  deodoriser,  and  must  be  used  in  large  quantity,  but  its  cheapness 
and  want  of  poisonous  properties^  are  recommendations,  and  when  in  sufficient 
amount  it  is  effectual.  It  is  efficacious  against  ammonia,  but  not  against 
hydrogen  sulphide  :  it  acts  moderately  against  faecal  odour. 

5.  Magnesium  superphosphate  and  Lime-water  (Blyth's  patent), — The  idea 
was  to  add  a  substance  which,  in  addition  to  deodorising,  might  be  useful  as 
a  manure,  and  it  was  thought  that  a  double  phosphate  of  magnesium  and 
ammonium  would  be  thrown  down ;  but  this  salt  is  sufficiently  soluble  in 
water,  especially  when  the  water  contains  chloride  of  sodium,  to  render  this 
expectation  iucorrect.  This  method  has  been  practically  found  to  be  useless, 
and  to  be  more  costly  than  any  other  plan. 

6.  F.  Hille,^  whose  process  is  in  use  at  Wimbledon,  the  town  of  ^  Alder- 
shot  and  elsewhere,  uses  a  mixture  of  lime,  tar,  and  salts  of  magnesium  for 
deftecation  and  deodorising  the  sewage.  The  effluent  water  is  then  passed 
through  artificial  filters,  or  used  for  imgation  purposes.  This  plan  has  been 
well  spoken  of  by  Captain  Flower  ^  and  others,  and  it  appears  to  be 
moderate  in  cost  compared  with  most  other  processes. 

7.  Iron  Perchloride. — When  this  salt  is  added  to  sewage,  a  precipitate  of 
ferric  oxide  is  caused  by  the  ammonium  carbonate  (which  forms  so  rapidly  in 
sewac^e),  and  carries  with  it  all  the  suspended  matters  of  the  sewage.  A 
clear  "fluid  remains  above.  The  hydrogen  sulphide  faUs  in  the  precipitate 
as  iron  sulphide.  As  the  sulphide  of  iron  tends  to  form  ferric  oxide,  sulphur 
being  let  free,  it  has  been  conjectured  by  Hofmann  that  an  oxidising  effect 
froin  the  oxide  may  follow  the  first  action. 

Both  precipitate  and  supernatant  liquid  are  free  from  odour. 

This  substance  has  been  tried  at  Croydon  and  Coventry.  From  14  to  29 
grains  per  gallon  of  sewage  are  necessary  for  London  sewage ;  for  Croydon 
sewac^e  from  5  to  15  grains  were  necessary.  One  gaUon  of  hquid  perchloride 
was  sufficient  for  15,000  gallons  of  sewage  (Hofmann  and  Frankland).  _ 

The  perchlorides  of  iron  can  be  manufactured  by  dissolvmg  m  hydroclilonc 
acid  peroxide  of  iron,  the  different  iron  ores,  refuse  oxide  of  iron  from  sulphuric 
acid  works,  ixon  rust  in  foundries,  &c.  Another  plan  is  to  take  equivalent 
proportions  of  common  salt,  sulphuric  acid,  iron  rust,  and  water,  so  that 
chlorine,  when  disengaged,  shall  combine  with  the  ii'on.  A  hard  yellowish, 
not  verv  deliquescent  substance,  containing  26  per  cent,  of  perchloride  of  U'on, 
is  formed,  which  can  be  transported  to  any  distance.  The  price  if  made  in 
this  way,  is  £2,  7s.  per  ton  (cost  of  labour  not  included)  in  England.^  • 

The  perchloride  acts  both  on  hydrogen  and  alkahne  sidphides,  m  both 
cases  setting  free  sulphur.  In  sewage  its  ordinary  action  is  on  ammonium 
sulphide. 

1  In  some  samples  I  Lave  found  a  considerable  amount  of  lead,  but  by  improved  manufacture 
'^^J^H^^'^sSem:^^^  Pror'       'T^'  Sf "  a  paper 
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Objections  have  been  made  to  the  perchloride,  as  it  contains  arsenic ;  but 
the  amount  of  this  is  small,  and  as  it  falls  with  the  deposit  it  is  never  likely 
to  be  dangerous. 

8.  Lueder  and  Leidloff's  Powder  consists  (according  to  Leuchtenberg's 
analysis)  of  ferric  sulphate,  36  per  cent. ;  ferrous  sulphate,  16  ;  free  sulphuric 
acid,  4 ;  calcium  sulphate  and  other  substances,  44.  It  has  been  highly 
commended,  but,  from  experiments  made  at  Netley,  it  does  not  seem  very 
powerful. 

9.  Lead  Nitrate,  or  Ledoyen's  Fluid,  is  made  by  dissolving  1  5)  of  litharge 
in  about  7  ounces  of  strong  nitric  acid  and  2  gallons  of  water  ;  a  little  of  the 
water  is  mixed  with  the  Htharge  ;  the  acid  is  gradually  added,  and  then  the 
rest  of  the  water.  This  quantity  will  deodorise  a  moderate-sized  cesspool. 
It  acts  rapidly  on  hydrogen  sulphide,  and  can  be  depended  upon  for  this 
purpose. 

10.  Zinc  Chloride. — Burnett's  fluid  contains  25  grains  to  every  fluid 
drachm ;  1  pint  is  added  to  a  gallon  of  water  (1  to  8).  It  is  usually  said  to 
decompose  hydrogen  sulphide  until  the  solution  becomes  acid,  when  its 
action  ceases ;  but  Hofmaan  finds  that  it  does  not  act  on  free  hydrogen 
sulphide,  but  on  ammonium  sulphide,  forming  zinc  sulphide  and  ammonium 
chloride.  It  destroys  ammoniacal  compounds  and  organic  matter.  The  sul- 
phates of  zinc  and  copper  decompose  free  hydrogen  sulphide,  with  formation 
of  metallic  sulphide  and  water. 

Burnett's  fluid  delays  decomposition  in  sewage  for  some  time ;  but  a  very 
pecuhar  odour  is  given  out,  showing  that  some  change  is  going  on  A 
good  efi-ect  is  produced  on  hydrogen  sulphide  by  a  mixture  of  zinc'  and 
ferrous  sulphates  (Larnaud^s'  mixture)  which  also  lessens  for  the  time  the 
peculiar  sewage  smell. 

U.  Zinc  Sulphate.~Th.is  forms  part  of  the  Universal  Disinfecting^  Powder^ 
(Langston-Jones'  patent),  along  with  Cooper's  salts,  viz.,  calcium  and  sodium 
chlorides.  This  powder  has  the  advantage  of  being  inodorous,  but  it  is  not  a 
strong  deodorant.  It,  however,  gets  rid  of  fsecal  odour  to  some  extent,  and  is 
eincacious  against  HgS. 


12.  Potassium  permanganate  prevents  putrefaction  for  a  short  time,  and 
removes  the  odour  from  putrefying  sewage,  but  it  requires  to  be  used  in  large 
quantity. 

.T^iL^f^ff /n  J'm  '  '"^^^^^^"^  ^^^'^  ^P^^^^l  orphenic  acid,  or 

cresyl-alcohol  (C^HgO)  ),  m  various  admixtures.^  These  substances  are  aU 
excellent  sewage  deodorants  and  arresters  of  putrefaction 

The  last  few  years  have  seen  an  extraordinary  development  in  the  manu- 
^ntZ^  A  substances.  Phenol  or  carboHc  acid  is  .now  obtained  in  great 
Zl  Vf     '  \r  '7'^'?'  ^  ^^^^^^  f  the  preparations 

Sid  powders''''''''  '  divisions  of  crystals,  Hquids, 

(a)  ^gak---Carbolic  acid,  more  or  less  pure,  is  the  only  substance  under 

1  Analysis  (de  Chaumont)— Water,   ^-iO 

Calcium  and  sodium  chlorides,    .*      '  73-20 

Zinc  sulphate,      .      .      .      .      ]  14-26 

Insoluble,   g  .2q 

migSttmprov?il"        -^^--^-ate  was'addld.   Probablythe  additirof Lous  sulphat. 

than  acids, 

used  instead  it  would  be  better  ^  ^resol  could  ba 
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this  head ;  it  is  so  slightly  soluhle  in  water  (only  in  the  proportion  of 
5  per  cent.)  that  it  is  not  so  useful  as  a  deodorant  as  the  impurer  kind. 
When  mixed  with  sewage  it  acts  slowly  and  not  so  perfectly  as  the  impurer 
kinds.  When  exposed  to  the  air  it  liquefies,  and  is  slowly  given  out  into 
the  air,  and  is  then  supposed  to  be  useful  as  an  air  purifier. 

(h)  Liquids. — Carbolic  acid,  more  or  less  impure,  dissolved  in  water,  simply, 
or  with  a  little  alcohol  and  cresylic  acid  (cresol),  forms  the  liquid  carbolic  acids. 
In  the  market  they  are  found  almost  colourless,  or  highly  coloured.  The 
various  liquids  contain  from  10  to  90  per  cent,  of  phenoL  Cresol,  though 
crystalline  and  colourless  when  pure,  is  usually  found  in  the  market  as  a 
dark  liquid.  Some  of  it,  no  doubt,  exists  in  most  samples  of  carbolic  acid. 
Owing  probably  to  the  way  they  mix  at  once  with  the  sewage,  the  liquid 
acids  are  more  deodorant  than  the  crystallised  acid,  and  restrain  putrefaction 
for  a  long  time.  Carbolic  acid,  however,  does  not  act  on  hydrogen  sulphide, 
though  it  will  restrain  the  processes  which  produce  it. 

Samples  of  so-called  carbolic  acid  are  sold,  which  are  only  impure  tar  oils, 
and  almost  destitute  of  deodorising  power.  Sometimes  a  nauseous  sulphur 
compound  is  also  present. 

Mr.  Crookes  ^  gives  the  following  rules  in  order  to  determine  the  presence 
of  the  tar  oils  : — 

"  Commercial  carbolic  acid  is  soluble  in  from  20  to  70  parts  of  water,  or 
in  twice  its  bulk  of  a  solution  of  caustic  soda,  while  oil  of  tar  is  nearly 
insoluble,  but  if  the  amount  of  carbolic  acid  be  increased,  some  remains 
undissolved. 

"  To  apply  the  tests — 1.  Put  a  teaspoonful  of  the  carbolic  acid  in  a  bottle, 
pour  on  it  half  a  pint  of  warm  water,  and  shake  the  bottle  at  intervals  for 
half  an  hour,  when  the  amount  of  oily  residue  will  show  the  impurity  ;  or 
dissolve  one  part  of  caustic  soda  in  10  parts  of  warm  water,  and  shake  it  up 
with  5  parts  of  the  carbohc  acid.  As  before,  the  residue  will  show  the 
amount  of  impurity. 

"  These  tests  will  show  whether  tar  oils  have  been  used  as  adulterants, 
but  to  ascertain  whether  the  liquid  consists  of  a  mere  solution  of  carboUc 
acid  in  water  or  alkali,  or  whether  it  contains  sulpho-carbolic  or  sulpho- 
cresylic  acids,  another  test  must  be  used  based  on  the  solubility  of  these, 
and  the  insolubility  of  carbolic  acid  in  a  small  quantity  of  water.  In  this 
case  proceed  as  follows :— 2.  Put  a  wine-glassful  of  the  hquid  to  be  tested 
in  a  bottle,  and  pour  on  it  half  a  pint  of  warm  water.  If  the  greater  part 
dissolves  it  is  an  adulterated  article.  Test  the  liquid  in  the  bottle  with 
litmus  paper ;  if  strongly  acid,  it  wHl  show  the  probable  presence  of  sulpho- 
acids ;  whilst  if  alkahne,  it  will  show  that  caustic  soda  has  been  probably 

used  as  a  solvent."  ,.    -j  -j.  „f 

If  the  quantity  of  carbolic  acid  has  to  be  estimated  from  a  hqmd,  it  must 
be  distilled  at  a  given  temperature.    Carbolic  acid  boils  at  184°  C.  {-3b6 
Fahr.),  cresol  at  203°  C.(  =  397°-4rahr.)  -.^n  .     .  ^ 

In  using  the  liquid  acid,  1  part  is  mixed  with  oO  or  100  of  water,  accord- 
ing to  the  strength  of  the  acid,  and  tlirown  down  drains  or  into  cesspools,  or 
sprinkled  with  a  watering-can  over  dung-heaps. 

(e)  Powders— The  two  principal  carbohc  acid  powders  are  M'Dougaiis 
and  Calvert's,  but  there  several  others  in  the  market  known  under  various 


names. 


M'DougaU's  and  Calvert's  powders  are  widely  different  in  composition. 


1  Third  Repart-Cattle  Plague  Co^ninissim,  Carbolic  acid  can  he  distinguished  from 
creosote  by  its  solubility  in  glycerine  (Morson). 
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The  former  is  strongly  alkaline  from  lime,  and  makes  the  sewage  alkaline. 
It  consists  of  about  33  per  cent,  of  carbolate  of  lime  and  59  per  cent,  of 
sulphite  of  magnesia,  the  rest  being  water. 

Calvert's  powder  is  carbolic  acid,  about  20  to  30  per  cent.,  mixed  with 
alumina  from  alum  works,  and  some  silica. 

The  quantity  of  these  preparations  which  must  be  used  depends  on  the 
degree  and  duration  of  deodorisation  wished  for.  For  the  daily  solid  excreta 
(4  ounces)  of  an  adult  at  least  from  30  to  70  grains  of  the  crystallised  acid, 
60  drops  of  the  strong  liquid  (90  per  cent,  of  acid),  or  ^  ounce  of  the  dilute 
carbolic  acid,  sold  at  Is.  per  pint,  are  necessary,  if  the  sewage  is  to  be  kept  in 
an  unaltered  state  for  10  to  20  days,  but  a  smaller  amount  is  sufficient  for  2 
or  3  days.i  Dr.  Sansom,  who  does  not  rate  the  eiTect  of  carbolic  acid  so 
highly  as  a  deodorant,  also  finds  that  much  larger  quantities  must  be  used 
than  is  usually  stated. ^  Half  an  ounce  of  either  Calvert's  or  M'Dougall's 
powder  for  4  ounces  of  sewage  has  a  preservative  effect  for  18  to  20  days; 
^  ounce  or  less  is  effectual  for  3  or  4  days,  but  if  the  stools  contain  urine  much 
more  is  necessary.  ^ 

Smaller  quantities  can,  however,  be  used,  if  diminution,  but  not  entire 
removal  of  smell  and  putrefaction  is  desired.  Quicklime  5  parts,  and  carbolic 
acid  1  part,  make  a  good  deodorising  mixture.  If  hydrochloric  acid  is  added, 
and  then  water,  the  lime  is  deposited,  and  the  carbolic  acid  floats  on  the 
surface,  and  its  amount  can  be  determined. 

14.  The  Silvern  Deodorant — The  water  flowing  from  sugar  factories  has 
long  been  a  source  of  annoyance  and  ill-health;  it  contains  quantities  of 
vegetable  organisms  {Osdllaria  alha  ox  Beggiatoa),  which  act  like  ferments, 
and  rapidly  decompose  the  sulphates  in  the  water,  and  liberate  hydrogen 
sulphide.  Herr  Silvern,  to  remedy  this,  proposed  a  preparation  of  coal-tar 
thus  prepared.*  A  bushel  and  a  half  of  good  quicklime  are  put  in  a  cask  and 
slaked ;  it  is  well  stirred,  and  10  lb  of  coal-tar  are  thoroughly  mixed  with  it, 
so  that  the  coal-tar  may  be  thoroughly  divided.  Fifteen  pounds  of  magnesium 
chloride  dissolved  in  hot  water  are  then  thoroughly  mixed  with  the  mass,  and 
then  additional  hot  water  is  added,  enough  to  make  a  mass  of  just  sufficient 
liquidity  to  drop  slowly  from  a  stick  inserted  in  it  and  then  pulled  out.  The 
magnesium  chloride  forms  deliquescent  calcium  chloride,  magnesia  being 
liberated,  and  it  is  found  that  this  prevents  the  ^caking  of  the  deodorant  and 
the  adherence  to  pipes.  This  deodorant  has  come  into  considerable  use  for 
cesspools,  drains,  &c.  The  Miiller-Schurr  deodoriser  has  been  already 
noticed. 

15.  Dr.  F.  T.  Eond  (of  Gloucester)  has  introduced  a  new  deodorant  in  the 
form  of  powder  and  liquid,  consisting  essentially  of  metallic  salts,  alum,  and 
ierebene  (a  hydrocarbon  derived  from  turpentine  by  treatment  with  sulphuric 
acid).  Terebene  has  a  pleasant  odour,  and  so  far  is  superior  to  carbolic  acid: 
its  deodorising  powers  are  very  considerable.  The  preparations  in  the  form 
of  powder  are  various,  the  chief  being  f erratum  and  ciiprahcm,  the  latter 
being  most  frequently  employed.  It  consists  of  copper  sulphate,  aluminum 
sulphate,  a  little  potassium  dichromate,  and  terebene.    It  is  a  very  powerful 

I       ^f-  Parkes'  experiments  in  the  Army  Medical  Department  Report,  vol  viii  d  318 
-  Op.  cit.,  p.  203.  '  ^' 

isiyR^'  "^^^        (of  Geelong)  published  a  paper  in  the  Australian  Medical  Jownal  fJun« 
10/4J,  on  the  comparative  value  as  disinfectants  of  carbolic  acid  and  mineral  oils  mch 
gasolene  and  kerosene.    He  prefers  gasolene,  and  finds  it  may  be  used  for  papered  walls 
inS^  It  must  be  used  with  caution  near  lights^  rS  is  verv 

ov.  ^""V^^y  attributes  its  action  to  its  strong  oxidising  properties  •  pTper  bnishll 

over  with  It  gave  the  reaction  of  peroxide  of  hydrogen  after  more  than  a  year      ^  ^ 
iTautman,  Die  Zersetzungsgase,  1869,  p.  35.  ' 
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deodorant,  counteracting  ammonia  and  hydrogen  sulphide,  and  at  leiast  masking 
faecal  odour  as  much  as  carbolic  acid.  Some  objections  were  formerly  made 
to  it  on  account  of  a  tendency  to  deliquescence,  due  to  the  presence  of  sodium 
chloride.    This  has  now  been  remedied,  and  the  preparation  keeps  well 

The  substance  advertised  as  Sanitas  is  a  hydrocarbon  derived  from  turpen- 
tine acted  upon  by  steam.  It  has  the  advantage  of  being  easily  miscible  with 
water,  but  it  is  not  very  powerful. 

16.  The  remarkable  power  shown  by  salicylic  acid  in  arresting  fermenta- 
tion, and  its  value  in  the  antiseptic  treatment  of  wounds,  would  seem  to 
indicate  it  as  a  good  agent,  but  it  is  at  present  too  expensive  for  use  on  a 
large  scale. 

General  Conclusion. — It  must  be  remembered  that  deodorisation  is  only 
possible  within  certain  limits,  and  that  in  a  number  of  cases  only  partial 
results  can  be  obtained,  unless  very  large  quantities  of  the  deodorant  are 
used.^  The  most  effectual  appear  to  be  the  terebene  preparations,  especially 
the  eupralum,  and  carbolic  acid  and  its  preparations.  Of  these  the  cupralum 
has  the  advantage  of  destroying  hydrogen  sulphide  and  neutralising  ammonia, 
which  are  only  masked  by  the  others.  Chloride  of  lime  and  chloride  of  soda 
are  also  powerful,  but  have  themselves  a  sickly  odour,  very  disagreeable  to 
many  persons.  The  Siivern  deodorant  is  probably  the  next  best,  and  after 
that  the  ferric  chloride  (FeClg). 


1  In  experimenting  with  the  very  offensive  infusion  of  linseed,  it  was  found  almost  impos- 
sible to  get  rid  of  odour  without  using  very  large  quantities  of  the  deodorants.— [F.  de  C.J 
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STATISTICS. 


An  accurate  basis  of  facts,  derived  from  a  sufficient  amount  of  experience, 
and  tabulated  with  the  proper  precision,  lies  at  the  very  foundation  of  hygiene, 
as  of  all  exact  sciences.  Army  surgeons  have  already  contributed  much  im- 
portant statistical  evidence  as  to  the  amount  and  prevalence  of  different 
diseases,  and  it  is  evident  that  no  other  body  of  medical  practitioners  possess 
such  opportunities  of  collecting,  with  accuracy,  facts  of  this  kind,  both  among 
their  own  nations  and  others.  As  they  have  to  make  many  statistical  returns, 
it  seems  desirable  to  make  a  few  brief  remarks  on  some  elementary  points  of 
statistics,  which  are  necessary  to  secure  the  requisite  accuracy  in  collecting 
and  arranging  facts.  But  it  is,  of  course,  impossible  to  enter  into  the  mathe- 
matical consideration  of  this  §ubject;  for  a  separate  treatise  would  be 
required  to  do  justice  to  it. 

SECTION  1. 

A  FEW  ELEMENTARY  POINTS  CONNECTED  WITH  GENERAL 

STATISTICS. 

1.  The  elements  of  statistical  inquiries  are  individual  facts,  or  so-called 
numerical  units,  which  having  to  be  put  together,  or  classed,  must  have  pre- 
cise, definite,  and  constant  characters.  Tor  example,  if  a  number  of  cases  of 
a  certain  disease  are  to  be  assembled  in  one  group  with  a  definite  signification, 
it  is  indispensable  that  each  of  these  cases  should  be  what  it  purports  to  be, 
an  unit  not  only  of  a  definite  character,  but  of  the  same  character  as  the  other 
units.  ^  In  other  words,  an  accurate  diagnosis  of  the  disease  is  essential,  or 
statistical  analysis  can  only  produce  error.  If  the  numerical  units  are  not 
precise  and  comparable,  it  is  better  not  to  use  them.  A  great  responsibility 
rests  on  those  who  send  in  inaccurate  statistical  tables  of  diseases ;  for  it  must 
be  remembered  that  the  statist  does  not  attempt  to  determine  if  his  units  axe 
correct;  he  simply  accepts  them,  and  it  is  only  if  the  results  he  brings  out 
are  different  from  prior  results  that  he  begins  to  suspect  inaccuracy,  i 

2.  These  items  or  numerical  units  being  furnished  to  the  calculator,  are 
by  him  arranged  into  groups  ;  that  is  to  sav,  he  contemplates  the  apparently 
homogeneous  units  in  another  light,  by  selecting  some  characteristic  which  is 
not  common  to  all  of  them,  and  so  divides  them  into  groups.  To  take  the 
most  simple  case  :  A  certain  number  of  chHdren  are  born  in  a  year  to  a  given 
population.  The  children  are  the  numerical  units.  They  can  then  be 
separated  into  groups  by  the  dividing  character  of  sex,  and  then  into  other 
groups  by  the  dividing  character  of  "  born  alive,"  or  "  still  born,"  &c. 

inL^cVimina7pw''«l^''°"'''fT,*^^  ^^i*         many  persons  look  at  tables  of  diseases  collected 
inaiacnmmately  as  worse  than  useless,  from  errors  in  diagnosis    Even  in  tliP  nrmv  rp+nrno 

ell\t  T^f^  ^^^^^fi^'^  practitioners,  there  is  rfason  to  St  L  correcTness  of  t^^^^ 

n acv  I'    .""'^'^r^  «f  diseases  are  nowgafnSg 

11  accuracy,  and  it  cannot  be  too  stronerly  urged  on  medical  offirnrQ  +>iot  T^n,^'o^+.  „  ea'^Jing 
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Or,  a  number  of  cases  of  sickness  being  given,  these  numerical  units  (all 
agreeing  in  this  one  point,  that  health  is  lost)  are  divided  into  groups  by 
diseases,  &c. ;  these  groups,  again,  are  divided  into  others  by  the  character  of 
age,  &c.,  and  in  this  way  the  original  large  group  is  analysed,  and  separated 
into  minor  parts. 

This  group-building  seems  simple,  but  to  properly  group  complex  facts,  so 
as  to  analyse  them,  and  to  bring  out  all  the  possible  inferences,  can  only  be 
done  by  the  most  subtle  and  logical  minds.  The  dividing  character  must  be 
so  definite  as  to  leave  no  doubt  into  which  group  an  unit  shall  fall;  it  must 
be  precise  enough  to  prevent  the  possibility  of  an  unit  being  in  two  groups  at 
the  same  time.  This  rule  is  of  the  greatest  importance,  and  many  examples 
could  be  pointed  out  of  error  from  inattention  to  it. 

Having  decided  on  the  groups,  their  numerical  relations  are  then  expressed 
in  figures,  for  example  : — 

3.  In  order  to  express  the  relation  of  the  smaller  groups  to  the  gross 
number  of  individual  facts  or  units,  a  constant  numerical  standard  must  be 
selected,  else  comparison  between  groups  of  unequal  numbers  cannot  be  made. 
The  standard  universally  adopted  in  medical  statistics  is  to  state  this  relation 
as  a  percentage,  or  some  multiple  of  a  percejjtage.  So  much  per  cent.,  or  per 
1000,  or  per  10,000,  is  the  standard.  This  is  got  simply  by  multiplying  the 
number  of  units  in  the  smaller  groups  by  100,  and  dividing  by  the  total 
number  of  units.  Thus,  let  us  say  there  occur  362  cases  of  pneumonia ;  this 
is  divided  into  two  groups  of  recovered  or  died,  say  343  recoveries  and  19 
deaths ;  and  their  relation  may  be  expressed  in  one  of  two  ways,  viz.,  eitber 
by  the  relation  of  the  deaths  to  the  total  number  of  cases,  which  will  be— 

'^^^^^^  =  5'25  per  cent. 

of  mortality  ;  or  by  the  relation  of  the  deaths  to  recoveries,  viz.— 

li^^  =  5-54  percent. 
343  ^ 

4  Havin^r  established  that  in  a  certain  number  of  cases,  divided  into 
groups,  the  number  in  each  group  bears  a  certain  proportion  to  the  whole,  how 
far  are  we  justified  in  concluding  that  the  same  proportions  will  be  repeated 
in  future  cases  %  This  wiU  chiefly  depend  on  the  number  of  the  cases  it 
the  number  of  cases  from  which  one  proportion  has  been  taken  is  smaU,  we 
can  have  no  confidence  that  the  same  proportion  will  be  repeated  m  future 
cases.  If  the  number  is  large,  there  is  a  greater  probabihty  that  the  propor- 
tion in  succeeding  numbers  of  equal  magnitude  will  be  the  same.  The  result 
obtained  even  from  a  very  large  number  is,  however,  only  an  approximation 
to  the  truth,  and  the  degree  in  which  it  approaches  the  truth  can  be  obtained 
by  calculation.  The  following  rule  is  given  by  Poisson  for  calculating  he 
limits  of  error,  or,  in  other  words,  the  degree  of  approximation  to  the 
truth : — 

Let  /X  be  the  total  number  of  cases  recorded, 
m  be  the  number  in  one  group, 
n  be  the  number  in  the  other. 

So  that  m  +  w  =  /«.. 
The  proportion  of  each  group  to  the  whole  will  be  respectively  ^  and 
but  these  proportions  will  vary  within  certain  limits  in  succeeding  instances. 
The  extent  of  variation  will  be  within  the  proportions  represented  by 
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m.  n 

T73 


and  1 

It  will  be  obvious  that  the  larger  the  value  of  /a  the  less  will  be  the  value  of 
^ '  ^ '  ^,  and  consequently  the  less  will  be  the  Hmits  of  error  in  the  simple 

,.  TO 

proportion   — . 

An  example  will  show  how  this  rule  is  worked.  The  following  is  given  by 
Gavarret : — ^ 

Louis,  is  his  work  on  Typhoid  Fever,  endeavours  to  determine  the  effect 
of  remedies,  and  gives  140  cases,  with  52  deaths  and  88  recoveries.  What 
is  the  mortality  per  cent.,  and  how  near  is  it  to  the  true  proportion  ? 

771  =  52  =  number  of  deaths, 
w  =  88  =  number  of  recoveries, 
ju,  =  140  =  total  number  of  cases, 

i.e.,  37  deaths  in  100  cases,  or  more  precisely  37,143  deaths  in  100,000  cases. 
How  near  is  this  ratio  to  the  truth  ?  The  possible  error  is  as  follows — the 
second  half  of  the  formula,  viz. : — 


2 .  TO.  w 

V 

will  be 


52  x  88 

=  0-11550  to  unity. 


(140)3 
(Or  11,550  in  100,000.) 

The  mortality  being  37*143  per  cent.,  or  37,143  deaths  in  100,000  cases, 
in  these  cases,  it  may  be  in  other  140  cases  either 

37,143  +  11,550  =  48-693  per  cent, 
or  37,143-11,550  =  25-593  „ 

In  other  words,  in  successive  140  cases  the  mortality  will  range  from  49  per 
cent,  (nearly)  to  26  per  cent,  (nearly),  so  that  Louis'  numbers  are  far  too  few 
to  give  even  an  approximation  to  the  true  mean. 

5.  There  being  a  number  of  facts,  each  of  which  can  be  expressed  by  a 
numerical  value,  an  average  or  mean  number  is  obtained  by  adding  all  the 
numerical  values,  and  dividing  by  the  number  of  facts.  ^  This  gives  the 
common  or  arithmetical  mean,  which  can  be  shown  mathematically  to  be  the 
nearest  to  the  truth  in  physical  inquiries.  Its  degree  of  approximation  may 
be  determined  by  working  out  the  probable  error  ;  *  the  smaller  the  latitude 
^  This  is  sometimes  stated  thus  :— 


^+  / 

when  g'=total  number  of  events, 

.  and  2?= total  number  of  events  in  any  particular  direction. 

2  Statisque  Midicale,  1840,  p.  284. 

3  The  ariihmetical  mean  is  used  in  medical  inquiries  ;  but  there  are,  in  addition,  the  aemne- 
tncal,  harmomc,  and  quadratic  means.    For  an  account  of  these,  and  for  manv  nilp-^ 
ScTeS  pSF  ?ol"f '  *°  ^'^^'^^^^^^  °^  Professor  Radicke's  Essay,  New  Sydenham 

'^^"''^  error;-!.  Find  the  mean  of  the  series  of  observations  •  find  the  nwan 
of  all  the  observations  above  the  mean,  and  subtract  the  mean  from  it,  this 'gives  the  TeS 
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of  error  the  more  trustworthy  the  series  from  which  the  mean  number  is 
drawn.  To  compare' two  or  more  similar  groups  together,  the  probable  error  of 
each  may  be  ascertained,  the  relative  values  being  as  the  reciprocals  of  the 

squares  of  the  probable  errors;  that  is  where  (2?e)  is  the  probable  error. 

Thus  if  we  have  two  groups,  A  and  B,  A  having  a  probable  error  of  10  per  cent. 

and  B  one  of  2  per  cent.,  the  value  of  A  will  be  ^=        and  the  value  of 

B  will  be     =     ,  or  the  group  B  will  have  a  value  25  times  as  great  as  A. 

The  relative  values  of  two  or  more  series  are  also  as  the  square  roots  of  the 
numbers  of  units  of  observation.  So  also,  by  increasing  the  number  of 
observations  in  any  inquiry,  the  value  (or  accuracy)  increases  as  the  square 
root  of  the  number. 

Thus  a  group  of  10  observations  is  to  a  group  of  100  as  J 10  to  JlOO,  or 
as  3-16  to  10. 

In  many  cases  the  method  by  successive  means  is  very  useful.  This  con- 
sists in  taking  the  mean  of  the  mean  numbers  successively  derived  trota  a 
constantly  repeated  series  of  events  (say  the  mortaHty  to  a  given  population 
yearly).  Supposing,  for  example,  the  annual  mortality  in  England  to  be,  in 
successive  years,  22,  23,  21,  26,  23,  21,  22,  28,  22,  21,  per  1000  living,  the 
successive  means  would  be — 

22  +  23         22  +  23  +  21       22  +  23  +  21  +  26 
2  3  4  ' 

and  so  on,  until  the  numbers  are  so  great  as  to  give  every  time  the  same 
result.  It  is  useful  to  calculate  the  successive  means  in  both  the  direct  and 
inverse  order,  viz.,  from  first  to  last,  and  then  from  last  to  first,  i.e.,  putting 
the  two  last  together,  then  the  three  last,  &c.,  so  as  to  see  if  the  variation  was 
greater  at  the  end  of  a  series  than  at  the  beginning.  The  degree  of  uncertainty 
is  then  the  mean  variation  between  the  successive  means. 

A  plan  almost  the  same  as  this  has  been  used ;  a  certain  number  of  facts 
being  recorded,  the  sum  is  divided  into  two,  three,  or  more  parts,  and  it  is 
then  seen  whether  the  results  drawn  from  the  lesser  groups  agree  with  that 
drawn  from  the  larger  group  and  with  each  other.  If  there  is  any  great 
difference  of  results,  the  numbers  of  the  lesser  groups  are  not  sufiicient.  In 
the  instance  given  above,  the  mean  of  the  ten  years  is  22*9 ;  the  mean  of  the 
first  three  years  is  22  ;  of  the  second  three  years  is  22-33  ;  of  the  third  three 
years  is  24.  The  term  of  three  years  is  therefore  far  too  short  to  allow  a  safe 
conclusion  to  be  drawn.  The  mean  of  five  years  again  is  23,  and  of  eight 
years  is  22-8,  numbers  which  are  much  nearer  each  other  and  the  mean  of 
the  whole  ten  years. 


error  in  excess.  2.  Find  the  mean  of  all  the  observations  beloio  the  mean,  and  subtract  the 
latter  from  this  mean,  this  gives  the  mean  error  in  deficiency.  Add  the  two  quantities,  and 
take  the  half,  this  is  the  mean  error.  .  jj  .v.     x     4.1  „^ 

To  find  the  error  of  mean  square  .—Square  each  of  the  observations  and  add  them  togetlier, 
subtract  from  this  sum  the  square  of  the  mean,  multiplied  by  the  number  of  observations, 
then,  calling  this  remainder  (S),  and  the  number  of  observations  (n),  we  have^-— 


Eri'or  of  mean  square,  .   .    .  -i 


^  Of  a  single  measure,    .    •  ^ , 


!  Of  the  result,   /  ,  ^  . 

V  n(n-l) 

or  of 


The  probable  error  is  obtained  by  talcing  two-thirds  (nearly)  of  the  mean  error  or  err 
mean  square,  the  actual  ratio  being  1  :  0  6745. 
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The  application  of  averages  when  obtained  is  of  great  inportance,  but 
there  is  one  usual  error.  The  results  obtained  from  an  average  (that  is,  from 
the  mean  result  obtained  from  a  number  of  units,  not  one  of  which  perhaps 
is  the  same  as  the  mean  result,  but  either  above  or  below  it)  can  never  be 
applied  to  a  particular  case.  On  either  side  the  average  there  is  always,  as 
before  shown,  a  range  the  value  of  which  may  be  obtained  by  Poisson's  rule, 
or  by  the  determination  of  the  mean  error,  and  the  particular  case  may  be 
at  either  end  of  the  range.  The  use  of  the  average  is  to  apply  it  to  an 
aggregate  of  facts.  Then,  supposing  it  to  be  founded  on  a  sufficient  number 
of  cases,  it  will  approximate  proportionately  to  exactitude. 

6.  In  addition  to  averages,  it  is  always  desirable  to  note  extreme  values, 
that  is,  the  two  ends  of  the  scale  of  which  the  average  is  the  middle.  To 
use  Dr.  Guy's  pointed  expression,  "averages  are  numerical  expressions  of 
probabilities;  extreme  values  are  expressions  of  possibilities." ^  In  taking 
too  great  note  of  mean  quantities,  we  may  forget  how  great  a  range  there 
may  be  above  and  below  them,  and  it  is  by  reminding  us  constantly  of  this 
that  Poisson's  rule  and  the  rule  for  mean  error  are  so  useful.  ^ 

7.  Statistical  results  are  now  frequently  expressed  by  graphic  representa- 
tions, a  certain  space  drawn  to  scale  representing  a  number.  The  most  simple 
plan  is  that  of  intersecting  horizontal  and  vertical  lines. 

Two  lines,  one  horizontal  (axis  of  the  ahscissce),  and  the  other  vertical  (axis 
of  the  ordinates),  form  two  sides  of  a  square,  and  are  then  divided  into  seg- 
ments, drawn  to  scale— vertical  and  horizontal  lines  are  then  let  fall  on  the 
points  marked;  the  axis  of  the  ordinates  representing,  for  example,  a  certain 
time,  and  the  axis  of  the  abscissae  representing  the  number  of  events  occuiTing 
at  any  time.  A  line  drawn  through  the  points  of  intersection  of  these  two 
quantities  forms  a  graphic  representation  of  their  relation  to  each  other,  and 
the  surface  thus  cut  can  be  also  measured  and  expressed  in  area  if  required, 
or  the  space  can  be  plotted  out  in  various  way,  in  columns,  pyramids,  &c! 
In  the  same  way  circles  cutting  radii  at  distances  from  the  centre  drawn  to 
scale  are  very  useful ;  the  circles  marking  time  (in  the  example  chosen),  and 
the  radii  events,  or  the  reverse.  Such  graphic  representations  are  most  use- 
lul,  and  allow  the  mind  to  seize  more  easily  than  by  rows  of  figures  the 
connection  between  two  conditions  and  events. 

Generally  speaking,  it  may  be  said  that  the  amounts  of  sickness  and  mor- 
tality m  different  bodies  of  men  or  in  the  same  body  of  men  at  successive 
periods,  show  such  wide  variations,  that  the  mean  error  is  always  very  great 
and  it  requires  a  very  large  number  of  cases,  and  an  extended  period,  to 
deduce  a  probable  true  mean.  For  this  reason  it  is  necessary  to  be  cautious 
m  apportioning  blame  or  credit  to  persons,  or  to  special  modes  of  treatment 
unless  the  numbers  are  very  large  and  accordant.  The  circumstances  in- 
fluencing the  result  are,  in  fact,  very  numerous,  and  the  proper  estimation 
ot  a  numerical  result  is  only  possible  when  it  is  considered  in  reference  to 
me  circumstances  under  which  it  occurs. 

The  most  important  statistical  inquiries  applied  to  health  are— 
1.  Births  to  Population.— To  obtain  aU  these  elementary  facts,  an  accurate 
census  and  proper  registration  are  required.    It  is  only  within  recent  years 
tnat  the  most  civihsed  nations  have  commenced  these  inquiries. 

Cydopadia  of  Anatomy  and  Physiology,  art.  "Statistics." 

balaJ°e?aMbt  iL^SeZS/^^^^^^^  f  the  mean  will 

whose  exponent  is  the  number  of  pos4le  even?s  in  the  sS  rse?OnT.S''o  '  n 
Airy,  On  the  Theory  of  Errors  of  Observation -  M^^ITt^^^^  On  Frobnlilities  ; 

Chaumont,  Lectures^ State  Mediin^rf^^^^^  ^- 
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2.  Relative  Number  of  Live  and  Still-born^  of  Premature  and  full-G-rown 
Children. 

3.  Number  of  Ghildren  Dying  in  the  First  Year,  with  Sub-Groups  of  Sex 
and  Months. — There  are  two  great  periods  of  mortality  in  the  first  year,  viz., 
in  the  first  week,  and  at  the  time  of  weaning,  about  the  seventh  month. 

4.  Amount  of  Sickness  to  Population. 

(a)  Number  constantly  sick,  grouped  according  to  sex,  age,  occupa- 

tion, and  diseases. 

(b)  Average  duration  of  sickness,  &c. 

5.  Amount  of  Yearly  Mortality  in  a  Population,  or  Deaths  to  Population. — 
The  deaths  are  generally  expressed  as  so  many  deaths  to  1000  or  10,000 
living ;  but  the  deaths  can  be  calculated  in  relation  not  only  to  the  number 
living  at  the  end  of  the  time,  but  to  that  number  plus  a  certain  addition  to  be 
made  on  account  of  those  persons  who  lived  during  part  of  the  time,  but  died 
before  its  close.  But  the  difference  is  not  material.  Grouped  according  to 
sex,  age,  &c. 

6.  Mean  Age  at  Death  of  a  Popidation  is  the  Sum  of  the  Ages  at  Death 
divided  by  the  Deaths. — The  mean  age  at  death  expresses,  of  course,  the  ex- 
pectation of  life  at  birth,'  or  the  mean  lifetime.  It  is  no  .very  good  test  of  the 
health  of  a  people,  as  a  great  infant  mortality  may  reduce  the  age,  though  the 
health  of  the  adults  may  be  extremely  good.  The  mean  age  of  death  in 
England  is  about  40  years.  Farr  has  shown  that  it  is  nearly  equivalent  to 
the  reciprocal  of  the  death-rate  minus  one-third  of  the  difference  between 
the  reciprocal  of  the  death-rate  and  that  of  the  birth-rate ;  or  two-thirds  the 
reciprocal  of  death-rate  plus  one-third  that  of  the  birth-rate.^ 

7.  Mean  Duration  of  Life  {vie  moyenne). — This  is  the  expectation  of  life  at 
birth ;  at  any  other  age  than  birth,  it  is  the  expectation  of  life  at  that  age  (as 
taken  from  a  life-table)  added  to  the  age.  It  is  no  good  test  of  sanitary  con- 
dition or  health.  x  •  i -u  f 

8.  Probable  Duration  of  Ufe  {vie  probable;  probable  Hfetime)  is  the  age  at 
which  a  given  number  of  chUdren  born  into  the  world  at  the  same  time  wiU 

be  reduced  one-half,  , 

9.  Expectation  of  Life,  or  Mean  Picture  or  After  Lifetime.— This  is  tne  true 
test  of  the  health  of  a  people.  It  is  the  average  length  of  time  a  person  ot 
any  age  may  be  expected  to  live ;  and  in  order  to  construct  it,  we  must  know 
the  number  of  the  living,  their  ages,  the  number  of  deaths  and  the  ages,  and 
the  other  changes  in  the  population  caused  by  births,  emigration,  immigration, 
&c.  It  does  not,  of  course,  follow  that  any  particular  person  wiU  hve  tne 
time  given  in  such  a  table ;  he  may  die  before  or  after  the  penod,  Vat  taking 
a  large  number  of  cases,  the  average  is  then  found  to  apply.  Life-tables  sHow 
at  a  glance  the  expectation  of  life  at  any  age. 

England.^ 


Age. 

Males. 

Females. 

Age. 

0 

39-91 

41-85 

10 

1 

46-65 

47-31 

20 

2 

48-83 

49-40 

30 

3 

49-61 

50-20 

40 

4 

49-81 

50-43 

50 

5 

49-71 

50-33 

60 

Males. 


47-05 
39-48 
32-76 
26-06 
19-54 
13-53 


Females. 

Age. 

Males. 

47-67 

70 

8-45 

40-29 

80 

4-93 

33-81 

90 

2-84 

27-34 

95 

2-17 

20-75 

100 

1-68 

14-34 

Females. 


9-02 
5-26 
3-01 
2-29 
1-76 


^  suppose  tne  aeatn-rate  to  ue  ±  m  tv,        -"^  ^  

England),  we  have  ^^=Z0■^  +  ^  =9-7=40-4=mean  age  at  death  in  England. 

^  Abridged  frou,  Dr  Farr's  Life  Tables.  Some  interesting  information  will  be  foui^d 
Statistics  of  Families,  by  C.  Ansell,  jun.,  1874. 
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After  the  first  year  the  chances  of  living  increase  up  to  the  fourth  year ; 
the  fifth  year  is  nearly  as  good,  and  then  the  chances  of  life  lessen,  but  at  first 
slowly,  and  then  more  rapidly;  from  5  to  40  years  of  age  the  expectation  of 
life  lessens  in  the  ratio  of  from  2|  to  3|  or  3f  years  for  each  quinquennial 
period. 

SECTION  II. 

ARMY  STATISTICS.! 

At  the  close  of  the  Peninsular  war  in  1814,  Sir  James  M'Grigor  com- 
menced the  collection  of  the  statistics  of  disease  and  mortality  in  the  English 
army,  and  during  the  course  of  the  next  twenty  years  a  great  amount  of  valu- 
able evidence  was  accumulated.  In  1835  Dr  Henry  Marshall  (Deputy 
Inspector-General  of  Hospitals,  and  one  of  the  most  philosophical  surgeons 
who  have  ever  served  in  the  English  army)  commenced  to  put  these  returns 
into  shape,  and  the  late  Major-General  Sir  Alexander  Tulloch,  K.C.B.  (at 
that  time  a  lieutenant  in  the  45th  Kegiment,  employed  in  the  War  Office), 
was  associated  with  him.  In  the  following  year,  on  the  retirement  of  Dr. 
Marshall,  Dr.  Balfour,  formerly  head  of  the  Statistical  Branch  of  the  Army 
Medical  Department,  was  appointed  as  his  successor,  and  in  conjunction 
with  Sir  A.  Tulloch,  brought  out  the  series  of  reports  on  the  health  of  the 
army  which  have  had  such  influence,  not  merely  on  the  causes  of  the  sickness 
and  mortality  among  soldiers,  but  indirectly  on  those  of  the  civil  population 
also.  In  1838-41,  reports  were  issued  of  the  following  stations: — United 
Kingdom,  Mediterranean,  and  British  America,  West  Indies,  Western 
Africa,  St.  Helena,  Cape,  Mauritius,  Ceylon,  and  Tenasserim. 

These  returns  included  the  year  1817-1836.  In  1853  another  report, 
containing  the  stations  of  the  troops  in  the  United  Kingdom,  Mediterranean, 
and  British  America,  including  the  years  1836-1846,  was  prepared  by  the 
same  gentlemen. 

In  these  reports,  in  addition  to  the  statistical  analysis,  short  but  most 
graphic  and  comprehensive  topographical  and  climatic  accounts  of  the 
different  stations  were  given. 

The  efiect  of  these  several  reports,  and  especially  of  the  earlier  issues, 
was  to  direct  the  attention  of  the  Government,  both  to  the  fact  of  an 
enormous  sickness  and  mortality,  and  to  its  causes,  and  then  commenced  the 
gradual  series  of  improvements  which  at  a  later  period  were  urged  on  by 
Lord  Herbert  with  so  much  energy. 

The  Eussian  war  of  1854-1855  prevented  any  further  publication  until 
1859,  when  yearly  reports  were  commenced  by  Dr.  Balfour,  and  have  been 
regularly  issued  since.  In  the  report  for  1860  Dr.  Balfour  gave  a  summary 
of  the  earlier  and  later  mortality  of  the  difl"erent  stations  before  and  after 
1837,  which  showed  a  remarkable  difference  in  favour  of  the  later  periods 
as  regards  both  sickness  and  mortality. 


Sub-Section  I. 

With  respect  to  soldiers,  in  time  of  peace,  the  statistical  evidence  is  required 
show  the  amount  of  benefit  the  State  receives  from  its  soldiers,  and  the 


summary  of  the  history  of  the  Army  Statistical  Reports  is  chiefly  taken  from  T)r 
Balfour's  account,  in  the  Army  Medical  Report  for  1860,  p.  131.  ^ 
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amount  of  loss  it  suffers  yearly  from  disease.  Tables  should  therefore 
show — 

1.  The  amount  of  loss  of  strength  a  dej&nite  number  of  men  in  each  arm 
of  the  service  suffers  in  a  year — 

(a)  By  deaths,  or,  in  other  words,  the  mortality  to  strength. 

(h)  By  invaliding  from  disease,!  for  if  this  is  not  regarded,  different 
systems  and  modes  of  invaliding  may  entirely  vitiate  any  conclusions  drawn 
from  the  mortality. 

The  groups  thus  formed  must  be  again  subdivided,  so  as  to  show — 

(a)  The  causes  of  death  or  invaliding. 

(h)  The  ages  of  those  who  die  or  who  are  invalided. 

(c)  Their  leiigfh  of  service.  It  is  of  great  importance  to  determine  the 
influence  of  service  in  every  year,  and  these  groups  should  be  again  divided 
by  ages, 

2.  The  loss  of  effective  service  a  definite  number  of  men — say,  1000  men  in 
each  arm — suffers  during  a  year.    This  is  best  expressed  as  follows  : — 

(a)  Tlie  total  number  of  cases  of  disease  in  a  year,  i.e.,  the  number  of  ad- 
missions to  hospital  per  annum.  It  must  be  understood  that  this  does  not 
express  the  number  of  men  admitted,  as  one  man  may  be  admitted  two,  three, 
or  even  ten  times  with  the  same  disease;  each  admission  counts  as  a  fresh 
case.  It  is  important  to  have  another  table  showing  the  number  of  meu 
admitted  for  different  diseases,  or,  in  other  words,  the  number  of  cases 
of  re-admission  for  the  same  disease.  The  actual  number  of  cases  treated 
in  a  period  may  be  obtained  from  the  mean  of  (the  admissions  and  dis- 
charges. .  n  J  4--U 

(6)  The  number  constantly  sick  on  an  average.  This  is  often  called  the 
sick  population,  and  is  obtained  most  easHy  in  army  hospitals  by  dividing  the 
number  of  diets  issued  in  a  year  by  365,  or  adding  all  the  "remaining'  on 
the  daily  or  weekly  states  together,  and  dividing  by  365  or  52,  as  the  case 

may  be.  ,  .  , 

(c)  The  total  number  of  days  lost  in  a  year  to  the  service  by  illness 
by  each  1000  men,  and  of  the  number  of  days  per  head.  The  number  ot 
the  sick  population  (that  is,  the  number  constantly  sick  out  of,  say  lOUU 
men)  multiplied  by  365  and  divided  by  1000,  or  by  the  number  furnishing 
the  sick,  whatever  that  may  be,  gives  these  facts. 

(d)  The  mortality  in  relation  to  sickness.  i  •,• 

The  group  constituted  by  the  sick  must  then  be  subdivided  by  diseases, 
and  lesser  groups  must  be  made  by  distributing  the  causes  of  sickness  and 
deaths  under  ages  and  length  of  service.        ^.  .    .  .„v^,„<, 

There  are  a  few  points  which  require  attention.  The  amount  of  sickness 
and  mortality  is  calculated  on  the  mean  strength,  that  is  the  number  of  men 
of  a  regiment  present  at  a  certain  station  on  the  ^^^^er^f  ^^^^^.^'^f 

numbe?  of  miister  days.    But  it  must  be  ^^<i^^«^°°/,t^^V  Tpf  not  ne^ 
sick  men  in  hospital  as  well  as  the  healthy  men,  and  therefore  does  not  per 
fectly  express  the  amount  of  disease  among  the  healthy  men.    Also  some- 
times the  muster  roUs  of  a  regiment  include  men  on  detachmen  at  som 
distance,  whose  sickness  is  not  attributable  to  the  ^^^^^ J .^^^^  ^^^^^^^^^^^ 
French  in  their  Army  Statistical  Eeturns,  make  two  headings,  one  of  mean 
ftrength'-  (effectif  miyen) ,  and  the  other  of  ^ present"  (^Xtl'ench  Tmy 
hospital  not  being  included  in  the  latter.    Moreover,  in  the  French  Aim^ 

1  Loss  by  purchase  of  discharge,  expiration  of  J^'-'bSZ 
missals  from  the  army,  must  also  be  put  "°^e^/«Pf  ^^^tit^i  not'coSfoun^^^^^^  Lvaliding 
nothing  to  do  with  this  point,  except  to  see  that  such  cases  are  not  conlounaea  mia  m 

from  disease. 
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nearly  one-sixth  are  always  absent  on  leave ;  and  the  deaths  of  those  on  leave 
are  included  among  the  army  deaths,  but  the  sickness  is  not  so.  Con- 
sequently, sickness  has  to  be  calculated  on  the  number  not  on  leave ;  deaths, 
on  the  total  strength.  In  the  JFrench  army  oflScers  are  included  with  the 
men ;  in  the  English,  separate  returns  are  made. 

It  is  often  difficult  to  get  the  mean  strength  if  there  are  many  changes  of 
troops,  and  instances  of  erroneous  calculations  from  this  cause  are  not 
uncommon.^ 

In  calculating  also  the  effect  of  age  and  length  of  service  upon  disease  and 
mortality,  it  is  necessary  to  know  not  only  the  ages  and  length  of  service  of 
the  sick  men,  but  of  the  healthy  men  also,  and  to  calculate  out  the  proportion 
of  the  sick  to  the  healthy  at  that  particular  age  or  length  of  service,  otherwise 
very  erroneous  conclusions  might  be  drawn.  Eor  example,  it  might  appear 
that  sick  men  under  twenty  years  of  age  were  very  numerous  in  proportion 
to  other  years,  but  in  a  very  young  army  the  greater  number  of  the  force 
might  be  of  this  age.  Care  is  necessary  in  all  these  points  to  arrive  at 
correct  conclusions. 

Sub-Section  IL — Statistics  in  War. 

In  time  of  war  the  statistics  must  be  slightly  altered  in  form,  though  the 
same  in  principle.  The  object  is  to  show  as  completely  as  possible  to  the 
General  in  command  what  amount  of  loss  his  army  is  suffering  at  the  moment, 
and  to  what  extent  it  may  be  expected  to  suffer,  and  also  what  are  the  causes 
of  such  sickness. 

The  sickness  here  must  not  only  be  calculated  on  the  mean  strength  (which 
will  include  the  men  in  hospital),  but  also  on  the  healthy  men,  or  those 
actually  under  arms  and  effective.  If  the  sick  are  counted  in  the  strength, 
the  sickness  of  the  army  may  be  much  understated.  What  a  General  wants 
to  know  with  regard  to  sickness  will  be  these  points — 

How  many  men  am  I  losing  daily  from  the  rank  and  file  actually 
serving  with  the  colours  1 

2.  How  many  are  replaced  by  discharge  from  hospital  1 

3.  What  is  the  balance,  gain  or  loss  ? 

4.  If  my  effective  force  loses  daily,  when  this  balance  is  struck,  such  a 
percentage,  what  will  be  its  loss  of  strength  in  a  week,  in  four  weeks,  in  six 
weeks?  &c. 


1  The  following  is  one  which  Dr.  Balfour  has  given.    It  will  be  seen  that  an  unhealthy 
station  (Masuhpatam)  in  India  is  credited  with  a  much  greater  degree  of  health  than  it  reaUv 
was  entitled  to,  and  the  annexed  extract  from  Dr.  Balfour's  paper  (£tZm.  Med.  and  Sura  Jour 
No.  172)  shows  clearly  how  the  mistake  arose  : —  '* 

"The  [Madras]  Medical  Board,  in  submitting  to  Government  the  table  from  which  these 
figures  are  computed,  stated  that  the  ratio  of  mortality  among  aU  the  European  regiments  in 
the  Presidency,  from  January  1813  to  December  1819,  was  5*690  per  cent. ;  whilst  that  of  the 
regiments  at  Masulipatam,  from  1813  to  1832  inclusive,  was  5-100  per  cent.  They  then  add— 
The  rate  of  mortality  having  been  somewhat  lower  than  throughout  the  rest  of  the  Presidency 
for  such  a  penod,  gives  reason  to  conclude  that  the  station  cannot  be  considered  imder  ordinary 
circumstances  as  unhealthy.'  Now,  the  Board  appears  to  have  arrived  at  this  conclusion  from 
an  error  m  the  mode  of  calculating  the  ratio.  In  several  of  the  years  between  1813  and  1832 
the  regiments  were  quartered  at  Masulipatam  during  part  of  the  year  only  It  must  ht 
obvious  to  any  one  conversant  with  the  principles  of  statistics,  that  in  such  a  case  a  proiDor 
tion  of  the  annual  strength  only  should  be  taken  corresponding  with  the  period  for  which  +Tia 
regiment  was  quartered  there.  Thus,  if  the  period  was  nine  months,  the  sickness  and  mortality 
^J^v.^*^  ^V'l'^^'^f  ^1°°  three-fourths  of  the  strength;  if  eight  months,  on  two-?S  and  so 
J''-.?"^'^'  however  have  made  the  calculation  in  every  instance  on  the  averaS  aZ,  n? 
'.^'^"^o^o'^'*^^"*  ^'^y  ^''""^  deduction.    Had  the  necessary  correction  been  made  tS  H^nli 
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5.  What  are  the  causes,  i.n.,  what  are  the  diseases  which  are  causing  this 
sickness,  and  how  are  they  affected  by  special  circumstances  of  age,  particular 
service  or  arms,  or  other  causes  ?  i    i,  • 

The  mortality  in  war  should  be  calculated  on  the  mean  strength,  that  is,  on 
the  total  number  of  healthy  and  sick,  and  also  on  the  sick  alone,  so  as  to 
represent  both  the  loss  of  the  army  and  the  fatality  of  the  sickness. 


BOOK  II 


THE  SERVICE  OF  THE  SOLDIEE.i 

It  is  now  necessary  to  consider  a  little  more  particularly  the  nature  of  the 
service  of  the  soldier,  and  the  influence  it  has  on  him.  A  recruit  entering 
the  army  from  civil  life  comes  under  new  conditions,  which  will  require  to 
be  shortly  enumerated. 


CHAPTER  1. 
THE  RECRUIT. 

In  the  English  army,  young  men  are  now  enlisted  at  nineteen  years  of  a^e  2 
unless  they  are  intended  for  drummers.    They  must  be  of  a  certain  hei|ht 
which  IS  fixed  by  regulation  from  time  to  time,  according  to  the  particular 
arm  and  to  the  demands  of  the  service.    There  must  also  be  a  special  girth 
of  the  chest,  which  is  m  proportion  to  the  age  and  height. 

In  time  of  war,  the  measurements  are  reduced  according  to  the  demand 
tor  men  ;  and  even  in  time  of  peace,  the  necessary  height  of  the  infantry 
recruit  is  varied.  At  present  it  is  64  inches.3  Before  the  enlistment 
IS  completed,  the  recruit  is  examined  by  a  medical  officer,  and  then  by 
the  surgeon-major  of  the  recruiting  district,  according  to  a  scheme  laid 
down  m  the  Medical  Regulations.^  The  scheme  is  a  very  good  one 
and  aims  at  investigating,  as  far  as  can  be  done,  the  mental  Condition! 
the  senses  ;  the  general  formation  of  the  body,  and  especiaUy  of  the  chest  • 
the  condition  of  the  joints;  the  state  of  the  feet ;  the  absence  of  hernia 
varicocele  piles,  &c. ;  and  the  condition  or  physical  examination  of  the  heart' 

:zz^:otr^h^^^^^^      ^^^^^^  — -  ^^-^ 

2  In  reality,  they  sometimes  enlist  under  this  age 
^  General  Order,  No.  81,  July  1881. 

infom:t?o?'LTs?biml''  much  useful 

6  As  thQ  Medical  Regulations      in  the  hands  of  all  meclical  offinpr^  ft 
mto  more  detail  on  this  point.    Professor  Lonemore  u.^f  n  J^^^^^^       \  f  H^^iecessary  to  go 

At  present.  84  inches  tor  U  to  70  u,  heUt ,  85  inX,  ifrtoJe  7o1n  height. 
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After  joining  his  regiment  he  is  again  examined,  and  may  be  rejected  if  any 
defect  is  discovered.  Eejections  may  take  place  then  either  at  the  primary 
or  secondary  inspection. 

The  trades  of  the  men  furnishing  the  recruits  vary  greatly  from  year  to 
year. 

The  total  number  of  rejections,  either  at  once  or  after  re-examination  by  a 
second  medical  ofl&cer,  on  various  grounds,  of  men  brought  by  the  recruiting 
sergeant  to  the  medical  officer,  varies  somewhat  from  year  to  year. 

About  two-fifths  of  the  rejections  arise  from  causes  connected  with  general 
bad  health  or  feeble  constitution,  and  one-fifth  from  causes  affecting  the 
marching  powers  of  the  men  (Balfour). 

In  the  French  army,  the  height  was  fixed  in  1860  at  69  inches  (1  "76  metres) 
for  the  carabiniers,  and  61^  inches  (1*56  metres)  for  the  infantry  of  the 
line. 

In  1872  the  maximum  for  the  cuirassiers  was  reduced  to  1"'.70  (67  inches) 
without  any  fixed  maximum. 

In  1868  the  maxinum  for  the  line  was  reduced  to  l^-SS  (61  inches),  and 
still  further  in  1872  to  l^-Si  (60|  inches).i 

The  rejections  in  the  French  conscription  include  men  rejected  for 
insufficient  height,  as  well  as  reasons  of  health.  ^ 

After  the  recruit  has  been  enlisted  and  approved,  he  joins  his  depot  or  his 
regiment;  receives  his  kit,  which  he  subsequently  in  part  keeps  up  at  his  own 
cost;  and  is  put  on  the  soldier's  rations.  He  enters  at  once  on  his  drill,  which 
occupies  from  3^  to  4^  hours  daily.  "Wherever  gymnasia  are  established,  he 
goes  through  a  two-months'  course  of  gymnastic  training  for  one  hour  every 
day.  He  then  goes  to  rifle  drill,  which  lasts  about  six  weeks,  and  then  joins 
the  ranks.  After  the  rifle  drill,  he  has  another  month's  gymnastic  training, 
and  is  then  supposed  to  be  a  finished  soldier. 

Such  being  the  system,  it  will  be  desirable  to  consider  certain  points. 

1.  The  Age  of  the  Recruit— ^tvong  opinions  have  been  expressed  by 
Ballingall  (English  army),  L6vy  (French  army),  Hammond  (American  army), 
and  other  army  surgeons,  that  the  age  of  17  or  18  is  too  low— that  the 
youngest  recruit  should  be  20  or  21  years  of  age. 

This  opinion  is  based  both  on  actual  experience  of  the  effect  produced  on 
boys^f  17  to  20  when  exposed  to  the  hardships  of  war,  or  even  to  heavy  duty 
in  time  of  peace,  and  on  a  physiological  consideration  of  the  extreme  imma- 
turity of  the  body  at  18  years  of  age.  i  .  . 

With  regard  to  the  first  point,  there  is  no  doubt  that  to  send  young  lads  ot 
18  to  20  into  the  field,  is  not  only  a  lamentable  waste  of  material,  but  is  posi- 
tive cruelty.  At  that  age  such  soldiers,  as  mpoleon  said,  merely  strew  the 
roadside  and  fill  the  hospitals.  The  most  effective  armies  have  been  those  m 
which  the  youngest  soldiers  have  been  22  years  of  age. 

With  recrard  to  the  second,  it  is  also  certain  that  at  18  the  muscles  and 
bones  are  very  immature,  and,  in  fact,  it  is  not  tUl  25  years  of  age,  or  even 
later,  that  epiphyses  of  the  bones  have  united,  and  that  the  muscles  have 

attained  their  full  growth.^  „^f„-Upo. 

The  epiphyses  of  the  transverse  and  spinous  processes  o^t^.^/ertebr^ 
hardly  commence  to  ossify  before  16  years  of  age,  and  it  is  not  till  after  20 
years  that  the  two  thin  circular  plates  form  on  the  body  of  vertebr^.  The 
whole  process  is  not  completed  till  close  on  the  30th  year.    The  consohdation 

1  Morache,  Traiti  d'HygUne  Militaire,  1874. 

2  Sistach,  Recueil  de  MSm.  Mil.,  Nov.  1861,  p.  ^og- 

3  See  Aitken's  Growth  of  the  Recruit  and  Young  Soldier,  180^. 
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of  the  sacrum  only  comiiieuces  at  the  18th  year,  and  is  completed  from  the 
:i.')th  to  the  30th  year.    The  fourth  and  third  bones  of  the  sternum  are  only 
iniited  between  the  20th  and  25th  years,  and  the  second  is  not  united  to  the 
third  bone  before  the  35th  year.    The  epiphyses  of  the  ribs  commence  to 
grow  between  the  16fch  and  the  20th  years,  and  are  completed  by  the  25th 
year.    The  epiphyses  of  the  scapula  join  between  the  ages  of  22  and  25.  The 
epiphysis  of  the  clavicle  begins  to  form  between  the  1 8th  and  20th  years.  The 
internal  condyle  of  the  humerus  nnites  at  18,  but  the  upper  epiphysis  does 
not  join  till  the  20th  year.    The  epiphyses  of  the  radius  and  ulna,  the  femur, 
the  tibia,  and  fibula,  are  all  unjoined  at  18  years,  and  are  not  completely 
.joined  till  25  years.    The  epiphyses  of  the  pelvic  bones  (viz.,  crest  of  ilium, 
«pme,  and  tuberosity  of  the  ischium)  begin  to  form  at  puberty,  and  are  com- 
pleted by  the  25th  year,  i  f  J' 

That  the  muscles  are  equally  immature  is  just  as  certain;  they  grow  in 
size  and  strength  in  proportion  to  the  bones. 

These  facts  show  how  wrong  it  is  to  expect  any  great  and  long-continued 
exercise  of  energy  from  men  so  young  as  18  and  20,  and  what  ivill  be  the 
inevitable  consequences  of  taxing  them  beyond  their  strength. 

*o  conclude  that  the  soldier  should  not  be  enlisted  before  20? 
ii  the  btate  will  recognise  the  immaturity  of  the  recruit  of  19  years  of  ao-e 
and  wdl  proportion  his  training  and  his  work  to  his  growth,  and  wiU  abstain 
irom  considering  him  fit  for  the  heavy  duties  of  peace  and  for  the  emergencies 
oi  war  till  he  IS  at  least  20  years  of  age,  then  it  would  seem  that  there  is  not 

ZLT  f  T;  .'i  ^  ^''^^  ^""^''^'''^  ^^^^^  e^^'ly-         that  most  critical 

period  of  ife  the  recruits  can  be  brought  under  judicious  training,  can  have 
precisely  the  amount  of  exercise  and  the  kind  of  diet  best  fitted  for  them 

'Jhan^fTliv  developed,  and  be  made  more  efficient: 

tnan  It  they  had  been  left  m  civil  life 

tarv  offll^-'^f  ""f.  if'^'-^^'^  '^'J/''  Iiecrmt--^i:he  desire  of  almost  all  mili- 
avalrv  ^  f  ll  f  ^         .  regiments,  especially  the 

men  sLf  I't  f      T^'l  i  recommended  both  that  shorter 

aUest  men    \\  i'^''''  "P^^  ^^'^  ^^^^^^^^  '^'^'^^  ^^^e  the 

be  Wed  bv  n.    1  "^^^^''^  "^^^^  *°  determine,  and  must 

and  infanlly^  considerations  of  the  respective  modes  of  action  of  cavalry 

mn?t  ri'J*  -'iT^rlX  Pliysiological,  and  opens  a  difficult  question, 
aml^t  of  tlm^  f'     }^  ^''T     ''^S-o,  which  is  attended  with  the  greatest 
Sard?  '     '''^   '  '^'^  or  is  it  possible  to  fix ''such  a 

im^Ted^iT^nf  1^''^^^  and  weight  have  been  compiled  by  Quetelet,  and 
numl^uZeVet      1  T^"""  '^''"^  observations  (however 

AlthougluLcnunA™^ve^ac.o,,la„t,      .nay^ltps  assume  that 

•2  L 
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at  19  tlie  average  lieiglii;  will  be  something  near  65  inches,  and  the  average 

weight  125  lb.  i.  *  ^  ■ 

The  best  rule  to  guide  us  is  that  given  by  ])r.  Aitken  vi/    to  take  into 

consideration  the  three  points  of  age,  height,  and  weight,  ^J^i  f  ^™ 
woi-ht  or  height,  or  both  together,  there  is  any  great  divergence  from  the  mean 
Ten  something  'wrong  wilfprobably  be  found.    But  -  -/-^ht 
height  are  in  accord,  the  taller  and  heavier  the  nian  the  bettei   as  a  rule. 
Th?  wei-ht  in  pounds  ought  to  be  about  twice  the  height  in  inches 

One  point  is,  however,  quite  clear.  When  the  height  is  much  below  the 
mean  the  bod  ly  development  generally  is  bad.  Hammond  sta  es  thu  lu 
Xe  American  war,  men  of  less  than  5  feet  broke  down  by  a  few  weeks^ 
ctrpa -nhio  whi  e  men  of  5  feet  stood  the  work  well.  Probably  63 
S  at  Tryears  of  age,  and  120  weight,  ^^-f^^^™ 
times  of  the  greatest  pressure.  So  also  a  very  great  height  at  ^  J^f  °  V;;'^ 
Ob  ectionable,  and  anything  over  68  inches  at  that  age  should  be  look  d  , 
with  great  suspicion.    As  a  rule,  also,  adult  men  of  middle  size  (67  to  69 

inches)  appear  to  bear  hard  work  better  than  taller  men.^ 

anches^appea  ^^^^  Eecmit.-A  great  improvement  Im 

been  hi koduced  bv  the  order 'that  each  recruit  shall  have  three  months 

^n^l^J  If  properly  done  this  will  ^.^^tctTr^^^^^^^^^^ 
The  medical  officer  will  have  power  to  continue  tins  if  necessary,  an!  cau 

himself  all  the  offices  wmcu  m  t  ,  .  ^gndinc^  his  clothes,  as  in 

t.e.eh  woxk,  but  —  -ohng  ^^^^-^^^0"' a  "campaign,  to  begin 
time  of  war.    It  is  too  education  :  they  should  form  part  of  his 

l^SjrS  ;  li^ti:^  U  and  otbe.  duties  during  b. 

up  tbeir  trades,  or  „Xtef  k  Jps tem  "P^"^ 
occupies  men,  makes  t'^'^nj  fi^^^^^     of  interfering  with 

a  career  for  tbem  'h'^^  they  leave  tbe  aimy^   to  e^  ^ 

their  military  train  ng,  rt  can  point  of  view. 

fr.^^■nr'\  in  Vip  advantaRCOUS  to  -the  btate,  even  m     F  ^ 

"ndt  t^n  wovUd  have  to  keep      -  l-n  ^^^^^^^^  ^3  ,,,.„Ht 

5.  The  Moral  Training. -The j^^^^^^^^  1%^  Se  always  rigorous,  and 
undermoralinfluences  of  astrong  kind.    A  d^^^^^^^  )  ^^^^.^^.^^ 

sometimes  severe,  produces  ^f^Xr  .jSyim^^^^^  At  the  same 
character,  and,  when  not  carried  too  ar  greatly  ^^^^^^  ^^^^  ^^^^.^^ 
time,  independence  is  preserved  by  conscientious,  and  fine 
his  rights  'and  privileges,  and  the  ^^^^^^^^^^^^^^n  tL  part  of  the  recruit, 
character.  But  occasionally,  a  too  sen  t  ve  ^^^^m «  «  P^^  ^^^^^^^^  ^.^^^ 
or  a  discipline  too  harsh  or  capricioiis^^h^parfc_otni^   


MORAL  TRAINING  OF  THE  RECRUIT. 


531 


diflerent  results,  and  the  soldier  becomes  cunaing,  artful,  and  false,  or  morose 
and  malicious.  The  two  characters  are  often  seen  well  marked  in  old  soldiers, 
and  no  contrast  can  be  greater  than  between  the  two.  A  heavy  responsibility 
rests,  then,  with  the  officers  of  the  army  who  have  power  thus  to  influence, 
for  good  or  evil,  natures  like  their  own.  ^  ' 

The  influence  of  companionship  is  also  brought  to  bear  on  the  recruit,  ai^ 
is  fraught  with  both  good  and  evil.  The  latter  probably  predominates, 
though  there  are  many  excellent,  high-minded,  and  religious  men  in  the 
army.  Indeed,  in  some  regiments  the  proportion  of  steady  religious  men  is 
perhaps  beyond  the  number  in  the  analogous  class  in  civil  life.  But  if  the 
influences  be  for  bad,  the  recruit  soon  learns  some  questionable  habits  and 
some  vices. 

1,         }^  invariably  learns  to  smoke,  if  he  has  not  acquired  this 

Habit  betore.  It  is  indeed  remarkable  what  a  habit  smoking  tobacco  is  in 
every  army  of  Europe ;  it  seems  to  have  become  a  necessity  with  the  men, 
ancl  arises  probably  from  the  amount  of  spare  time  the  soldier  has,  which 
he  does  not  know  what  to  do  with.  A  recruit,  on  joining,  finds  all  his 
comrades  smoking,  and  is  driven  into  the  habit. 

The  discussion  on  the  effects  of  tobacco  does  not  seem  to  have  led  to  any 
clear  conclusions.  The  immoderate  use  brings  many  evils  to  digestion  and 
circulation  especially.  But  no  great  evils  appear  to  result  from  the  moderate 
use  though  no  good  can  be  traced  to  it.  In  moderation  it  has  not  been  proved 
to  lessen  appetite  to  encourage  drinking,  or  to  destroy  procreative  power. 

.^LZ     ?f      '  ^'^'^^^  ^^'^^ly'        perhaps  even  mental 

I  ^^^J^^Ijly  feniarkable  how  uniformly  the  best  trainers  prohibit 
Its  use  and  men  of  the  highest  physical  vigour  are  seldom  great,  and  often 
IL  fj  «^okers     As  it  is  of  no  use,  and  indeed  injurious,  by 

bringing  men  under  the  thraldom  of  a  habit,  it  seems  very  desirable  to 
discourage  It.    But  in  the  army  it  seems  useless  to  fight  aglLst  tlS  custom 

'^d  he  thrtT^'^-  •^'^  obtain  tobacco 

no  habi  ^  wht h  ?  """'"'f^  '"'"^       deprivation.    The  soldier  should  hav 
him  to  omTt  "^'^      compelled  to  lay  aside,  and  which  it  would  pain 

o./r'''?  fore  serious  matter  is  the  vice  of  drinking,  which  many  recruits 

P^^^^^^^^^^^  '"^r'^'^'^'    Theliscipline  Xe  army 

TaS  nrevpnt  T  ^^^ngh  there  is  enough  of  this,  but  it 

cannot  prevent,  it  even  aids,  covert  drinking  up  to  the  very  edo-e  of  thp 

ImnkS'^nd^r'  '^'^T''''  -«tom' -ade  almUt  fver^^^^^ 

Sm  a  tbf  w/T^^^  l^^^^^d  to  take  his  mornin' 

^ow'hiv  "'""t^  ^'t'  "^""''^'^  ^^^^^  0^13^  the  "matured  drunkard' 

in  the  armv  nmUW  wv  if T  i    ^^^^^^"^  i^,  however,  still  the  worst  vice 

Great  S  T                           "^""'^  the  efficiency  of  the  soldier 

tWit  n^r^^^^^                t»  -^^n  -tWiesllhrck 

temperate.                            ^  ^«  gradually  becoming  more 

the  army^;  he  "^J^l^^l^  ZlFZll^l'^^^^^^^ 
f  his  new  associates.    A  regiment,  in  fact  is  coranosid  nf  '^"'^ 
few  scruples  and  small  restraints     PrrventedTr  '^"'"''^  ""'^  ^^th 

empted  by  low  prostitutes,  it  is  no  wonde^if  t^  fh.  ^''^ 
the  soldier  indulges  in  VrUs..^"^  ^^.^^t  ^2 
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fact,  to  excess,  aud  the  young  recruit  is  led  at  once  into  similar  habits. 
That  many  recruits  are  most  seriously  injured  by  this  habit,  even  it  they 
neither  contract  syphilis  nor  gonorrhoea,  is  certain.         ,   ,  • 

It  has  also  been  supposed  that  solitary  vice  is  particularly  rite  m  anni.  .. 
There  does  not  seem  to  be^eny  evidence  on  this  point.  i  ■ 

J.  6  The  Amoirnt  of  Sickness  and  Mortality  suffered  hy  the  Recruit  durcw, 
the  First  Six  Months  and  Year  of  Service.-Thh  in  an  extremely  impor  aut 
matter,  but  at  present  we  are  not  able  to  answer  the  question  for  the  Enghs.i 

'"'"in'the  French  army,i  the  amount  of  sickness  among  soldiers  under  one 
vear  of  service  is  more  than  one-third  greater  than  among  the  army  generally; 
this  is  partly  caused  by  slight  injuries,  though  not  solely,  for  the  admissions 
to  hospital  are  nearly  one-fourth  more  among  them  than  in  the  army  at 


large. 


1  Statistique  Midicale  de.  I'ArmSe. 


CHAPTER  11. 


THE  CONDITIONS  UNDER  WHICH  THE  SOLDIEK 

IS  PLACED. 

These  conditions  are  extremely  various,  as  the  soldier  serves  in  so  many 
stations,  but  the  chief  points  common  to  all  can  be  passed  in  review. 

The  water  and  air  supplies  have  been  already  sufficiently  noticed,  and  the. 
conditions  now  to  be  noticed  under  which  the  soldier  is  placed  are  harrarJcs, 
huts,  tents,  and  encampments;  the  food,  clothing,  and  work. 


SECTION  I. 
BAREACKS. 


Barracks  have  been  m  our  army,  and  in  many  armies  of  Europe  still  are,  a 
fertile  source  of  illness  and  loss  of  service.    At  all  times  the  greatest  care  is 
necessary  to  counteract  the  injurious  effects  of  compressing  a  number  of 
persons  into  a  restricted  space.    In  the  case  of  soldiers,  the  compression  has 
been  extreme;  but  the  counteracting  care  has  been  wanting.    It  is  not  more 
than  sixty  years  since,  in  the  West  Indies,  the  men  slept  in  hammocks 
touchmg  each  other,  only  23  inches  of  lateral  space  bein-  allowed  for  each 
man.    At  the  same  time,  in  England,  the  men  slept  in  beds  with  two  tiers, 
like  the  berths  m  a  ship;  and  not  unfrequently,  each  bed  held  four  men! 
W  hen  It  IS  added,  that  neither  in  the  West  Indies,  nor  in  the  home  service 
was  such  a  thmg  as  an  opening  for  ventilation  ever  thought  of,  the  state  of 
the  air  can  be  imagined. 

The  means  of  removal  of  excreta  were,  even  in  our  own  days,  of  the  rudest 

?h  rTisTVl        t  T""^  ^"-^  '"^^  -^^^^  -lone 

there  IS  no  doubt  that  the  great  military  nations  have  suffered  a  loss  of  men 

which.  If  expressed  in  money,  would  have  been  sufficient  to  rebuild  and 
purify  every  barrack  they  possess,  i 

army,  caused  the  St  shS  the  mor^^^^^^^^^  "  Austrian  and,  till  lately,  in  our  own 
in  the  retunis,  and  ""^t^l^ty,  were  a  destructive  lung  disease,  termed  phthisis 

intTmLT;«e?wtlu'^^^^^^^^  ^'^^^^      '''"'^^  °ther  ways)  is 

from  a  continue<l  fever,  which  in  all  probab  lity  was  tvS^^  consumption,  and 

f'nd,  m  the  Windward  and  Leeward  command  the  vprv  KpI  can  wonder,  when  we 

amount  of  accommodation  :  the  men  sle,™,™  ^^rv^f,  m  ISi?,  gave  only  this 

fn'?r^^°  measured  onfy  tKe sirbret  tl  average^space 

So  also  in  India,  the  best  writer  on  the  means  of  preserving  the  health  of  troops  in  India 
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Sub-Section  I.— Bauraoks  on  Home  Service. ^ 

The  imperfection  of  the  English  barracks  was  owing  to  two  causes— first, 
a  areat  disregard  or  ignorance  of  the  laws  of  health;  and,  secondly,  an  indis- 
position on  the  part  of  Parliament  to  vote  sums  of  money  for  a  standing 
army.    At  the  close  of  the  last,  and  at  the  commencement  of  the  present 
centurv   the  Whig  party  especially  opposed  every  gram  which  Mr  iitt 
Wht  forward  iov  this  purpose.^    After  the  great  war,  the  exhaustion  of 
the  na t  on  prevented  anything  being  done,  and  in  spite  of  the  representations 
of  many  niUitary  men,  comparatively  little  change  occurred  till  the  Crimean 
w^r  In  1855,  a  committee,^  of  which  Lord  Monck  was  chau-man,  was 
auDointed  by  the  War  Office  to  consider  this  subject,  and  presented  a  most 
Sent  Eeport  on  Barracks,  the  suggestions  of  which  have  been  since 
traduaUy  carried  out.    Immediately  after  this  a  Barrack  Improvement  Com- 
mission^ was  organised,  and  in  1861  this  Commission  published  a  Blue 
Book   which  not  only  contained  plans  and  descriptions  of  the  existing 
Wikrand  hospitals,  but  laid  down  rules  for  their  construction,  ventilation 
and  sewem-e,  for  future  guidance.    It  is  difficult  to  speak  too  strongly  of  the 
SceCe  Sf 'this  Report:  and  if  its  rules  are  attended  too,  there  can  be  no 
doubt  the  British  army  will,  as  far  as  habitations  are  concerned,  be  lodged  in 
Shier  dwell  ngs  than  Jmost  any  class  of  the  community.^  Reference 
tist  be  made  to  1:his  report  for  a  fuller  account  of  the  older  barracks  and 
hospitals  than  can  be  given  here.'' 

Infantry  Barracks. 
nir..T.  Plan     Formerlv  a  number  of  men,  even  a  whole  regiment,  were 

geat  cause  of  a  mortality  wMcl.  in  a  erm  o^^^^^^^^^  „„t  „„,ik  ,  Hat 

a\V"aS7arrangement.,,  '^^^S^^^^^^^^         spared  ;  but  yet  the  faet  remains 

soldiers  a  source  of  sutteriug  and  death.  admirable  paper  by  Surgeon- General  Dr. 

M^srjB"tteto"SL"SorS*Ve^tiSo«^ 

^"S  X^tT!&°OjSS  KSrr  *  Blue  BOOK 

 Ji.t^i'^      J  ,  „  ri„n-^„    1VOVP  the  first 


1855. 

*  ] 
Barr 


UarracK  ana  nospn-'V'  ;j  "i-  v  ,jr„„     i^r-  Burrell  retired,    i"*^  ,7 

rnchs  and  HospitaU,  1861.  barracks,  see  Queen's  Regxdations,  18»l, 

6  For  the  duties  of  medical  oflicers  with  respeci  w 
.section  15  ;  and  the  Army  Medical  RegulaUovs,  1878. 
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instead  of  the  square,  that  the  separate  buildings  shall  be  arranged  in  lines, 
each  building  being  so  placed  as  to  impede  as  little  as  possible  the  movement 
of  air  on  the  other  buildings,  and  the  incidence  of  the  sun's  rays. 

In  arranging  the  lines,  the  axis  of  the  buildings  should  be  if  possible 
north  and  south,  so  as  to  allow  the  sun's  rays  to  fall  on  both  sides.  One 
building  should  in  no  case  obstruct  air  and  light  from  another,  and  each 
building  must  be  at  a  sufficient  distance  from  the  adjoining  house,  and  this 
distance  should  not  be  less  than  its  own  height,  and  if  possible  more. 

Parts  of  a  Barrack. — 1.  The  barrack  room,  with  non-commissioned  officers' 
rooms  screened  off.  2.  Quarters  of  the  married  privates — seven  to  each 
company.  (With  the  short  service  system  this  will  probably  be  modified.) 
3.  Quarters  of  the  staff-sergeants  and  sergeants'  mess.  4.  Quarters  of  the 
officers.  5.  Kitchens.  6.  Ablution  rooms.  7.  Latrines  and  urinals. 
8.  Orderly-room]  guard-room.  9.  Cells.  10.  Tailors'  shop  and  armoury; 
commissariat  stores;  canteen.  11.  Eeading-room  (in  many  barracks); 
schools ;  magazine. 

It  is  unnecessary  to  describe  aU  these  buildings. 

The  old  barracks  are  of  aU  conceivable  forms  and  kinds  of  construction, 
for  details  of  which  see  the  Commissioners'  Eeport. 

When  new  barracks  are  built,  the  plans  of  the  Commission  will  be 
followed. 

{a)  Barrack  Rooms. — The  size  and  shape  of  the  barrack  room  will  decide 
the  kind  of  buildings.  The  Barrack  Committee  of  1855  recommended  that 
each  room  should  accommodate  twelve  men,  or  one  squad,  as  this  is  most 
comfortable  for  the  men ;  but  small  rooms  of  this  size  are  more  difficult  to 
arrange,  and  it  is  now  considered  best  to  put  twenty-foui',  or  one  section,  in 
each  room. 

The  Barrack  Improvement  Commissioners' recommendations  maybe  con- 
densed as  follows  : — 

The  rooms  are  directed  to  be  narrow,  with  only  two  rows  of  beds,  and 
with  opposite  windows— one  window  to  every  two  beds.  As  each  man  is 
allowed  600  cubic  feet  of  space,  and  as  it  is  strongly  recommended  that  no 
room  shall  be  lower  than  12  feet,  the  size  of  a  room  for  24  men  will  be— 
length  60  feet,  breadth  20  feet,  height  12  feet.  This  size  of  room  will  aive 
14,400  cubic  feet,  or  (600  x  24)  enough  for  24  men ;  but  as  the  men's  bodies 
and  furniture  take  up  space,  an  additional  2  feet  has  been  allowed  to  the 
length  m  some  of  the  new  barracks.  Assuming  the  length  to  be  62  feet,  the 
superficial  area  for  each  man  will  be  nearly  52  feet,  a  little  more  than  5  feet 
in  the  length  and  10  in  the  width  of  the  room.  At  one  end  of  the  room  is 
the  door,  and  a  room  for  the  sergeant  of  the  section,  which  is  about  14  feet 
long  10  Wide,  and  12  high.  At  the  other  end  is  a  narrow  passage  leadincr  to 
an  ablution  room,  one  basin  being  provided  for  4  men,  and  a  urinal. 

buch  IS  the  present  arrangement  of  a  single  barrack  room,  and  it  is 
difficult  to  conceive  a  better  plan,  unless  it  might  be  suggested  that  an 
open  verandah,  never  to  be  made  into  a  corridor,  should  be  placed  on  the 
south  or  west  side.  It  would  be  a  lounging-place  for  the  men.  So  also  a 
cleanmg-room  for  arms  and  accoutrements  would  be  a  very  useful  addition 

ihe  room  thus  formed  may  constitute  a  single  hut,  but  if  space  is  a 
consideration,  two  such  rooms  are  directed  to  be  placed  in  a  line  the 
lavatories  being  at  the  free  ends.  A  house  of  this  kind  will  accommodate 
than  9?"^  ^"  1,  ^^V^rM  by  an  interval  of  not  less 

fuhL  ?  n  .^^^^  economy,  however,  the  houses  will  in 
future  be  frequently  made  two-storeyed,  so  that  one  house  will  contain  a 
company  in  four  rooms,  and  ten  will  suffice  for  a  re-iment 
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The  three  following  plans  of  recently  erected  barracks  show  tlic  arrange- 
ments which  are  adopted  :- 


"flou  aii. 


1  


"iin  aii. 


OOU  111 


Agaoi 


URIHAL 


Fig.  98.— Colchester  Camp 
Houses. 


Ls-^,  When  there  is  a  single  storey,  as  at  Col- 
chester, and  no. staircase  is  required. 

2nd,  When  there  are  two  storeys,  and  a  stair- 
case must  be  introduced,  as  in  the  new  cavah-y 
barracks  at  York. 

3rd,  When  there  are  not  only  staircases,  but  the 
barracks  must  be  extended  in  one  long  line,  in- 
cluding many  rooms,  and  when,  therefore,  the 
ablution  rooms  cannot  be  put  at  the  ends  of  th(; 
rooms,  but  must  be  placed  on  the  landings,  as  at 
Chelsea. 

If  ten  houses  are  thus  formed,  and  arranged  so 
as  to  insure  for  each  the  greatest  amount  of  light 
and  air,  the  following  area  will  be  occupied  l)y 
these  houses  alone.  Each  house  (with  walls) 
would  measure  about  140  feet  long  and  22  broad, 
and  the  space  between  the  houses  may  be  taken 
at  64  feet,  or  twice  the  height  of  the  house.  The 
external  houses  would,  of  course,  have  clear  spaces 
on  both  sides  like  the  others.  The  area  of  occu- 
pied and  unoccupied  space  would  be  very  nearly 
12  square  yards  to  a  man. 

But  this  amount  of  compression,  which  would 
be  injurious  in  a  large  city,  will  do  no  harm  m 
these  well-planned  and  ventilated  barracks. 

(b)  Day-rooms.— The  soldier  lives  and  sleeps 
in  his  barrack  room;  it  has  long  been  a  deside- 
ratum to  introduce  day-rooms,i  ^^t  at  present  the 
expense  is  too  heavy.  Still  it  is  very  important 
that  the  men  should  take  their  meals  elsewhere 
than  in  their  barrack  room,  and  in  some  barracks  a 
room  is  provided  close  to  the  kitchen.  The  addi- 
tion of  a  few  verandahs  to  the  rooms  would  be 
less  expensive ;  and  if  reading-rooms  were  pro- 
vided, some  of  the  purposes  of  day-rooms  would 

be  obtained.  ^  ^, 

(c)  Non-Commisdoned  Officers  Aooms.  —  i.ae 
Sergeant-major  and  Quartermaster-sergeant  are 
entitled  to  two  rooms  and  a  kitchen ;  the  Fay- 
master-sergeant,  Hospital-sergeant,  Schoolmaster- 
sergeant,  and  some  others,  are  entitled  to  t^^o 
rooms.  The  company  sergeants  ^^je  one  room 
each  The  rooms  are  about  14  feet  by  12,  and  10 
high  and  contain  about  1680  cubic  eet  whe.i 
empty.  The  amount  of  space  is  small,  and  a. 
mXr  of  these  non-commissioned  officers  are 
Tarded,  and  as  it  is  a  matter  of  3-^-^  ^ 
than  of  nolicy  to  make  them  as  comfortable  as 
pSsibll^t  isl  be  hoped  that  two  rooms  n.y  be 
allowed  to  every  married  man,  and  three  in  the 


See  Rc,.ort  of  Cov^nittee  (1855),  p.  iv.    The  objections  to  day-roon.s  More  labour 
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case  of  aU  the  senior  non-commissioned  officers.  The  non-commissioned 
officers  should  be  looked  on  in  the  light  of  the  overlookers  of  a  factory  ; 


ilSOTO 


Fig.  99.— New  Cavalry  Barracks  at  York. 


Fig. 


100.— New  Chelsea  Barracks. 


ChancE  fi'f.l  rn±  ^^^""'^     men  being  debarred  from  tlieir  barrack  room  during  dav  •  3rd 
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they  are  even  more  essential  to  the  good  working  of  the  army  than  the 
overlookers  are  in  a  mill;  hut  no  married  overlookers  would  ever  conceive 
the  possibility  of  living  in  two  rooms,  in  one  of  which  cooking  must  be 
done. 

{d)  Married  Soldiers'  Quarters. — Seven  privates  in  a  company  of  100  men  ■ 
are  allowed  to  be  married.    Formerly  they  were  placed  in  the  men's  barracks, 
a  space  being  screened  off,  but  now  they  are  entitled  to  separate  nuarteis, 
€ach  family  receiving  one  room  14  feet  by  12,  or  168  superficial  and  1680 
cubic  space. 

There  is  no  doubt  that  this  allowance  of  space  will  be  increased  in 
accordance  with  the  general  feeling  of  the  time,  which  is  strongly  against  the 
mixing  up  adults  and  children  of  all  ages  in  the  same  room.  The  amount  of 
space  also  is  really  much  too  small.  Certainly  two  such  rooms  ought  to  be 
given  to  each  married  private. 

Warminglpf  Barrack  Rooms. — The  rooms  are  warmed  by  Galton  grates  m 
two  ways—radiant  heat  from  an  open  lire,  and  warm  air,  which  is  obtained 
from  an  air-chamber  behind,  and  heated  by  the  fire.  The  external  air  is  led 
by  a  pipe  to  this  chamber,  and  then  ascending,  enters  the  room  by  a  louvre. 
The  grates  are  of  various  sizes,  according  to  the  size  of  the  room.  Sn.allest 

 1  foot  3  inches  of  fire  opening  for  rooms  of  3600  cubic  feet.    Middle— 1 

foot  5  inches  for  rooms  of  3600  and  9800  cubic  feet.  Largest— 1  foot  9 
inches  up  to  12,000  cubic  feet.  Large  rooms  have  two  grates.  One  grate  is 
usually  provided  for  twelve  men. 

The  radiating  power  of  the  small  barrack  grate  is  aided  by  a  well-arranged 
angle,  and  by  a  fireclay  back ;  as  the  fire  is  small,  however,  the  radiatmg- 
power  is  not  great. 

In  the  wards  of  Fort  Pitt,  with  the  largest  size  of  grates,  the  mean  rapidity 
of  movement  of  warm  air  through  the  upper  slits  of  the  louvre,  with  a  good 
fire,  was  found  to  be  about  2^  feet  per  second,  and  the  total  cubic  amount  ot 
warm  air  entering  per  hour  through  the  whole  louvre  was  (approxmiateiy) 
4600  cubic  feet  per  hour,  with  a  mean  temperature  of  19  m  excess  of  tbe 
external  air-temperature.  Ko  unusual  dryness  of  the  air  is  produced  by  the 
admission  of  this  quantity  of  warm  air,  the  relative  humidity  of  the  air  bemg 

""^The  movement  of  air  through  the  hot-air  louvres  is  not  regular;  open  doors 
and  windows,  which  increase  the  pressure  of  the  air  of  the  room  on  the  louvre 
wiU  sometimes  delay  the  movement,  and,  if  the  air-chaniber  is  not  very  Ho  , 
will  even  reverse  it  and  drive  the  air  down,  as  the  rapidity  of  movement  m 
those  hot-air  chambers  is  never  very  great;  but  in  cold  weather,  when  tiie 
doors  and  windows  are  shut,  the  action  is  tolerably  regular. 

Ventilation  of  Barrack  Booms.-{See  under  Ventilation). 

AbMion  Booms.-Yormevlj  the  means  for  washing  were  of  a  ve  .y 
kind,  but  now  in  the  new  barracks  regular  basms  with  !^l^;^"J^^t,ei  anl 
discharge  dirty  water  pipes  are  provided  close  to  every  room,  m  the  P^opoitioa 
of  one  basin  to  four  men.    The  basins  are  of  slate  or  iron  _ 
basins  on  the  floor  have  been  provided  forfeet-wash.ng  and  m 
there  are  also  baths  for  each  regiment.    Tlie  Barrack  I^^P^'^^^^^^^J  Com 
missioners  recommend  one  bath  to  every  100  men     It  is  "^^d.r.st^od  ^o^^ 

the  desire  of  the  Government  to  provide  P^^fS-^^f f^^/'^^X't^^ 

and  this  would  not  only  aid  cleanliness  but  might  be  made  the  means 

teaching  the  men  swimming,  as  suggested  by  Mr  M  I/are^i. 

If  water  be  scarce,  the  most  economical  kind  ot  bath  is  a  showei-batli, 
arranged  as  to  permit  80  to  100  men  to  have  a  bath  at  on^e. 
■    Inspections  for  cleanliness  are  made  in  many  regiments.    Ihej  sliouia 
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systematically  carried  on  under  the  direction  of  good  non-commissioned 
officers  ]  but,  if  means  are  provided,  soldiers  will  generally  be  cleanly. 

Kitchens. — Great  improvements  have  been  made  in  cooking  by  the 
employment- of  better  ovens  and  boilers,  and  especially  by  making  use  of 
steam,  as  in  Warren's  cooking  stoves.  The  cost  of  fuel  per  head  has  been 
greatly  reduced. 

The  opinion  of  the  medical  officer  will  seldom  be  asked  on  the  question  of 
construciion,  at  any  rate  on  home  service.  He  may,  however,  be  referred  to 
on  the  question  of  consumption  of  fuel,  and  then  he  can  take  as  the  standard 
fur  an  ordinary  good  apparatus  ^  lb  of  fuel  per  man  per  diem. 

More  often,  however,  he  will  have  to  examine  the  cooking,  to  which 
reference  is  made  under  the  different  sections  in  the  chapter  on  Food. 
The  chief  points  to  which  attention  should  be  paid,  are  the  temperature, 
the  rapidity  of  its  application,  and  the  ventilation  of  roasting  ovens. 
Fault  cooking  will  generally  be  found  to  be  owing  to  one  or  other  of  these 
conditions. 

Formerly  the  regimental  cooking  establishment  was  badly  arranged;  men 
cooked  by  turns,  and  for  short  periods  only.  Now,  cooks  are  regularly 
trained  at  Aldershot. 

The  other  parts  of  a  barrack  are — officers'  quarters ;  laundry  (in  some  cases) ; 
workshops  for  tailor,  shoemaker,  and  armourer ;  orderly-room ;  guard-room ; 
cells ;  reading-room  (in  some  cases) ;  chapel  and  school,  which  are  often  in 
one;  magazine;  barrack-masters'  and  quarter-masters'  stores  for  regimental 
purposes,  bread,  and  meat. 

Guard-room. — The  guard-room  for  a  regiment  of  1000  strong  has  a  size  of 
about  24  feet  by  18  ;  two  rooms  open  into  it — one  a  lock-up  for  prisoners,  the 
other-a  room  where  prisoners  are  placed  who  are  not  put  in  the  lock-up.  In 
m^uy  barracks,  however,  the  lock-up  is  placed  near  the  cells.  The  guard- 
room is  ventilated  like  the  other  rooms,  with  Sheringham  valves,  shafts,  &c. 
M'Kinnell's  ventilator  is  well  adapted  for  it.  It  should  be  fitted  with  a  dry- 
ing closet  by  the  side  of  the  fire,  to  dry  the  men's  clothes  when  they  come  in 
wet  off  sentry. 

Cells.  —The  cells  are  ranged  gn  one  or  both  sides  of  a  corridor.  They  are  1 0 
feet  long,  61  M'ide,  and  9  high  ( =  605  cubic  feet),  with  one  window,  2  feet 
9  inches  wide  by  1  foot  3  inches  high,  placed  at  the  top  of  the  wall,  and 
guarded  by  iron  bars.  A  movable  iron  shutter  is  sometimes  added  for 
security,  and  to  make  the  cell  a  dark  one  if  needed.  Fresh  air  is  admitted 
through  a  grating  opening  from  the  corridor,  which  is  warmed.  The  air 
enters  below,  or  in  some  cases  above ;  but  the  former  arrangem.ent  is  the  best. 
A  foul  air-shaft  runs  from  the  top  of  the  room.  Two  cells  are  provided  for 
every  100  men.    A  medical  officer  inspects  the  cells  every  day. 

Latrines  and  Urinals. —'YoxmQxlj,  urine  tubs  were  brought  into  barrack 
rooms  every  night ;  and  indeed  this  is  still  done  in  some  barracks.  The  tubs 
are  charred  inside,  and  emptied  every  morning  and  filled  with  water  durincr 
the  day.  In  all  new  barracks  urinals  are  introduced ;  they  are  placed  at  the 
end  of  the  passage  beyond  the  ablution  room.  It  is  found  by  the  men  that 
this  IS  inconvenient;  the  passage  is  often  wet  and  cold.  If  the  urinal  is  full 
of  water,  it  splashes ;  it  might  be  well  to  put  the  overflow-pipe  a  little  lower 
dovvn.  It  has  been  recommended  to  put  a  small  pipe  and  stopcock  a  few 
inches  above  the  urinal,  so  that  the  men  may  cleanse  themselves,  and  in  this 
way  possibly  lessen  the  chances  of  syphilitic  infection. 

Cesspits  are  now  discontinued  in  most  barracks,  and  water  latrines  arc- 
used.  I  he  latrines  are  placed  at  some  little  distance  from  the  rooms  -md 
are  usually  connected  with  them  by  a  covered  way ;  in  almost  all  barracks 
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they  are  Jenning's  or  Macfarlane's  patents.    These  are  metal  or  earthenwan 
troughs,  which  are  one- third  full  of  water.   Twice  a  day  a  trap-door  is  lifteil, 
the  latrine  is  flushed,  and  the  soil  Hows  into  a  sewer  or  tank  at  a  distance. 
A  hydrant  is  now  frequently  placed  close  to  the  latrine ;  an  india-rubber  pipe  • 
can  be  connected  with  it,  arid  the  seats  and  floor  of  the  latrine  are  thoroughly 
washed  in  this  way  twice  daily.    Probably  it  would  be  difficult  to  sugge.  1 
anything  better  than  this,  although  soldiers  can  be;  taught  to  use  water-clostiti 
like  other  people,  and  do  not  damage  them.    If  water-closets  are  used,  a  plan 
suggested  by  Mr.  Williams,  C.E.,  clerk  of  the  works  at  Gravesend,  seems  a 
very  good  one.    It  is  to  have  the  water-closets  at  the  top  of  a  two-storey(  '1 
building,  to  the  central  part  of  which  they  form  a  small  third  storey.    In  thi.s 
way  the  following  advantages  are  secured : — vicinity  to  the  men— under  the 
same  roof,  yet  with  perfect  ventilation;  impossibility  of  effluvia  passing  ^ 
down ;  proximity  to  the  cistern ;  and  a  good  fall.    At  present,  however,  it  g 
seems  better  to  keep  to  the  water  latrines  outside  the  barracks. 


Cavalry  Barracks. 


In  many  cases  the  men's  rooms  are  placed  over  the  stables,  and  there  has 
been  much  discussion  as  to  whether  this  arrangement  is  a  good  one.  On  the 
one  hand,  the  men  get  more  room,  as  the  horses  cannot  be  crowded,  and  they  ^ 
are  near  their  horses.  On  the  other  hand,  there  is  strong  evidence  that  the 
effluvia  from  the  stables  pass  into  the  men's  rooms  overhead  ;i  and  although 
I  have  been  able  to  find  no  statistical  proof  that  this  has  produced  sicki^ess  ' 
among  the  men,  we  may  safely  a  priori  conclude  that  it  is  objectionable.  The 
evidence  of  mews  in  London  is  not  in  point,  as  they  are  often  close,  lU- 
ventilated  courts,  independent  of  the  stables  in  them.  Besides,  this  evidence 
is  as  yet  rather  contradictory.  rr  s-i  ^-  f 

The  question  has,  however,  been  solved  by  a  Report  <m  the  Ventilation  of 
Cavalry  StaMes  (1863),2  the  Barrack  Improvement  Commissioners,  who 
have  shown  that  the  ventilation  and  lighting  of  stables  can  only  be  satis- 
factorily carried  out  in  one-storeyed  buikUngs,  and  who,  therefore,  recommend 
that  the  men's  rooms  shall  not  be  placed  over  stables.         ,      , ,  , 

Stables  —The  medical  officer  has  no  duties  connected  with  stables,  except 
to  see  that  they  are  in  no  way  injurious  to  the  health  of  the  men ;  but  it  may 
be  well  to  give  the  suggestions  lately  made  by  the  Barrack  Improvement 

Commissioners.  „         .  •, 

In  all  the  old  stables,  if  it  is  not  already  done,  ventilating  shafts  are  to  be 
carried  up,  air-bricks  introduced,  and  more  window  space  to  be  given 

Whenever  stables  are  to  be  built  in  future,  it  is  recommended  that  e 
building  should  be  one-storeyed;  that  the  breadth  Bl^o^ld  be  33  feet  the 
height  ?f  the  side  walls  to  the  spring,  12  ;  and  of  the  roof  8i  ^^^^^'  J^^ 
breadth  of  each  stall  is  to  be  51  feet,  and  them  are  to  ^^e. only  two  ro^  s  o 
horses  in  each  stable.  Each  horse  is  to  have  100  superficia  feet,  and  ICO^ 
cubic  feet ;  the  ventdation  is  by  the  roof,  and  is  ^^^f  ^^VrZint  o^^^^^^^^^^ 
wide  carried  from  end  to  end,  and  giving  4  square  ° 
for  each  horse.  A  course  of  air-bricks  is  carried  round  at  the  eaves  giving  1 
square  foot  of  inlet  to  each  horse;  an  air-brick  is  introduced  ^^out  6  inches 
f^om  the  ground  in  every  two  stalls.    There  is  a  swing  window  for  e^eIy 

1  See  especially  the  evidence  of  Mr.  Wilkinson,  ^^-^^^Sl^S^^t^l^^^ 
Report  of  Barrack  Committee  (1855),  p.  136,  question  2262  ,  also  the  liepon 

lion  of  Cavalry  Stables  (1863).  ^  _      „-„,^v„  cJtnipd  hv  Sir  Richard  Aiicy. 

2  Report  of  Barrack  and  Ilospital  /mi.rot;mcniC^.«!»n^«07  ,  signed  bj  bir 

Captain  Galton,  Ur.  Sutherland,  Dr.  Logan,  and  Captain  BLlhtld. 
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Stall,  and  spaces  are  lefb  below  the  doors.  In  this  way,  and  by  attention 
surface  drainage  and  roof  lighting,  it  is  anticipated  that  stables  will  become 
perfectly  healthy.  Some  experiments  were  made  some  years  ago  by  Dr.  de 
Chaumont  on  the  air  of  some  artillery  stables  at  Hilsea.  In  one  stable,  witli 
32  ventilators,  and  with  655  cubic  feet  per  horse,  the  total  COg  was  1-053 
volumes  per  1000 ;  in  another,  with  1000  cubic  feet  per  horse,  and  with  420 
air-bricks,  25  windows^  and  a  ridge  opening,  it  was  -573  volumes  per  1000. 
The  last  experiment  shows  great  purity  of  the  air. 


Iiepo7is  on  BarracJcs. 

The  Regulations  order  the  form  in  which  reports  on  barracks  shall  be  sent 
in.  The  arrangements  should  be  strictly  followed  ;  it  comprehends  site,  con- 
struction, external  ventilation,  internal  ventilation,  basements,  and  administra- 
tion. It  is  then  certain  that  no  point  will  be  overlooked;  and,  if  nothing  can 
be  made  out  after  going  thoroughly  through  all  the  headings,  it  may  be  con- 
cluded that  the  cause  of  any  prevailing  sickness  must  be  sought  elsewhere. 
The  site  and  basement  should  be  especially  looked  at ;  every  cellar  should  be 
entered,  and'  the  drainage  thoroughly  investigated.  Little  can  be  learned  by 
merely  walking  through  a  barrack  room,  which  is  nearly  sure  to  look  clean, 
und  may  present  nothing  obviously  wrong.  With  respect  to  ventilation,  the 
statements  of  soldiers  can  seldom  be  trusted;  they  are  accustomed  to  vitiated 
air,  and  do  not  perceive  its  odour.  The  proper  time  to  examine  the  air  of  a 
room  is  about  12  to  3  a.m.,  and  the  medical  officer  should,  accordingly,  visit 
barrack  rooms  between  midnight  and  3  a.m.  every  now  and  then.  The 
cisterns  should  be  regularly  inspected. 

The  walls  and  floors  of  the  rooms  should  be  carefully  looked  to.  Walls  are 
porous,  and  often  become  impregnated  with  organic  matter.  If  there  is  any 
suspicion  of  this,  they  should  be  scraped  and  then  well  washed  with  quicklime. 
The  medical  officer  should  see  that  the  lime  is  really  caustic  ;  chalk  and  water 
does  little  good.  Collections  of  dirt  form  under  the  floors  sometimes^  and  a 
board  might  be  taken  up  to  see  if  this  is  the  case. 


Sub-Section  11. — Barracks  in  Forts  and  Citadels. 

In  fortified  places  it  is,  of  course,  often  impossible  to  follow  the  examples 
of  good  barracks  just  given.  Citadels  may  have  little  ground  space ;  buildings 
must  be  compressed,  guarded  from  shot,  made  with  thick  and  bomb-proof 
walls,  with  few  openings.  Buildings  are  sometimes  underground.  Drainage 
is  often  difficult,  or  impossible ;  and  if  to  all  these  causes  of  contamination 
of  air  we  add  a  deficiency  of  water,  which  is  common  enough,  it  will  not  sur- 
prise us  that  the  sickness  and  mortality  in  forts,  in  even  healthy  localities, 
are  greater  than  should  be  the  case.  Both  at  Malta  and  Gibraltar  there  has 
for  years  been  too  large  a  mortality  from  typhoid  fever,  and  from  the  destruc- 
tive lung  diseases,  which  appear  in  the  returns  as  phthisis.  The  special  diffi- 
culties of  casemates  are  as  follows  :  dampness,  which,  is  very  common  in  all 
casemates,  so  that  the  moisture  often  stands  in  drops  on  the  walls ;  a  Iom' 
temperature;  a  want  of  ventilation;  and  a  want  of  light. 

How  these  difficulties  are  to  be  met  is  one  of  the  most  difiicult  problems  the 
military  engineer  has  before  him.  How,  without  weakening  his  defences  he 
13  to  get  light  and  air  into  the  buildings,  and  an  efficient  sewerage,  would  test 
the  ingenuity  of  a  Brunei.  It  is  possible  that  the  best  plan  would  be  by  the 
employment  of  thick  movable  iron  doors  and  sliutters.  In  time  of  peace  these 
might  be  open;  in  time  of  war  easily  replaced.    But,  in  addition,  means  of 
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ventilation  must  be  provided  when  sucli  defences  close  the  usual  openings ; 
tubes  must  be  carried  up,  and,  if  necessarily  winding,  an  enlarged  area  might, 
perhaps,  compensate  for  this. 

It  must  be  said,  also,  that  it  is  quite  certain  that  in  our  fortified  placss 
many  of  the  arrangements  are  much  worse  than  they  need  be,  and  that  the 
sanitary  rules  deducible  from  home  experience  should  be  applied  in  every  case 
when  the  defensive  properties  are  not  interfered  with. 

Sub-Section  III. — Barracks  in  Hot  Climates. 

The  older  barracks  in  both  the  East  and  West  Indies  were  often  merely 
copies  of  the  English  barrack  square.  In  some  cases,  also,  the  exigencies  of 
defence  led  to  a  cramped  and  irregular  plan,  aad  owing  to  the  little  attention 
which  Avas  paid  either  to  the  health  or  comfort  of  the  soldier,  overcrowding 
and  deficient  ventilation  were  as  common  in  the  tropics  as  at  home.  For 
several  years  there  has  been  a  gradual  improvement,  and  in  India  especially 
vast  and  extensive  palaces  have  been  reared  in  many  stations,  which  testify 
at  any  rate  to  the  anxiety  of  the  Government  to  house  their  soldiers 
properly.^ 

It  will  be  desirable  to  refer  here  chiefly  to  the  Indian  barracks,  but  the 
same  principles  apply  to  all  hot  countries. 

The  Indian  Sanitary  Commission  have  recommended  that  each  man  in 
barracks  shall  have  100  superficial  feet,  and  1500  cubic  feet.  The 
Government  of  India  recommended  in  1864  that  there  should  be  90  super- 
ficial feet  in  the  plains,  and  77  in  the  hills,  which,  with  a  width  of  24  and  22 
feet,  and  height  of  20  and  18  feet,  would  give  1800  cubic  feet  in  the  plains 
and  1408  in  the  hills.  Mr.  Webb,^  who  has  paid  great  attention  to  the  sub- 
ject of  over-crowding  in  Indian  barracks,  and  who  believes  that  it  is  the  grand 
cause  of  insalubrity  in  India,  has  adduced  good  reasons  for  thinking  that  this 
amount  is  not  nearly  sufficient.  It  is  suggested,  indeed,  that  3000  cubic  feet 
of  space  is  not  too  much. 

In  1857  and  1858  the  Bengal  Government  ordered  standard  plans  to  he 
prepared,  and  some  barracks  have  been  built  in  accordance  with  them,  A 
description  and  figures  will  be  found  in  the  former  editions  of  this  work.  In 
1863  the  Governor-General  of  India  in  Council  ordered  a  renewed  inquiry 
into  the  matter,  and  Colonel  Crommelin  submitted  altered  designs  for 
barracks,  which  were  subsequently  submitted  to  the  Bengal,  IMadras,  and 
Bombay  Governments,  and  to  the  Army  Sanitary  Committee  at  home.  The 
plan  of  these  new  barracks  is  essentially  that  proposed  by  the  Indian  Sanitary 
Commission ;  while  the  preparation  of  the  detailed  design  is  left  to  the  local 
officers,  certain  general  principles  are  strictly  laid  down,  and  standard  plans 
suitable  for  different  localities  are  furnished  for  different  guidance,  ilie 
number  of  men  to  be  placed  under  one  roof  is  fixed  at  40  or  50  (halt 
company  barracks),  except  under  exceptional  circumstances  ;  the  numberot 

1  Some  of  these  great  barracks,  as  at  AUaliabad,  have  not  given  satisfaction,  and  have  Ijeen 
foundTs  hotor  evfn  hotter  than  the  okl  barracks  But  ^^^^^  ^PP^^^  tV^^.hSo^- t^J^w^^^^^^ 
attending  to  the  rule,  never  to  let  the  sun's  rays  f a  l  on  a  main  ^^f"' *  f^'  X 
by  a  verandah.  The  double  roof  also  has  apparently  not  been  sufficiently  double  i  e 
openings  above  and  below,  to  allow  the  air  to  circulate,  have  not  been  large  enough  Aent  m 
tors  hive  also  not  been  p'ut  to  the  verandahs,  so  that  the  heated  mass  of  m 

Nothing  tends  to  cause  greater  heat  than  stagnancy  of  the  air,  as  ma  I'^f^^f "  tjf^^fj'"  Vhe 
which  water  may  be  boiled  in  a  close  vessel  by  the  rays  ^^^^^ 

objection  to  the  palaces  which  have  been  built  in  India  since  tli^"^"*'"^  ^'^^^^^^^ 

principle  of  the  barracks,  but  to  some  faults  in  construction,  and  especially  to  then  localiue  , 

viz.,  in  the  plains  instead  of  in  th.> hills  in  many  cases.                 «■  w„w.  Rmubnv  186^. 

2  Remarks  on  Uie  Health  of  European  Soldiers  in  India.    By  H.  Webb.  Bombaj, 
p.  50. 
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men  in  one  room  is  to  be  16  to  20,  and  not  to  exceed  24;  the  barracks  are 
to  be  two-storeyed  in  the  plains,  and  one  or  two  storeyed  in  the  hills,  both 
llooi's  being  used  for  dormitories ;  single  verandahs  of  10  or  1,2  feet  wide 
surround  these  rooms.  There  are  to  be  only  two  rows  of  beds  in  the 
dormitories ;  the  beds  are  to  be  9  inches  from  the  wall,  and  only  two  beds 
are  to  be  in  the  wall  space  between  two  contiguous  doors  (or  windows);  in 
the  plains  each  bed  is  to  have  71-  feet  of  running  wall  space,  in  the  hills 
7.  The  general  arrangements  of  the  building  are  based  on  the  suggestions 
of  the  Eoyal  Indian  Sanitary  Commission.  At  each  end  of  the  dormitory 
are  closets  and  night  urinals  ;  and  what  appears  to  be  the  best  plan  places- 
these  at  the  extreme  end  of  the  verandah,  leaving  a  space  between  them  and 
the  dormitory. 

The  lower  storey  in  the  plains  was  intended  to  be  used  as  a  day-room,  but 
it  appears  that  this  has  not  been  comfortable  for  the  men,  and  both  floors  are- 
now  used  as  dormitories. 

The  married  people's  quarters  are  to  be  grouped  in  small  one-storeyed  blocks, 
each  block  liolding  the  married  people  of  a  company  or  troop.    Two  rooms. 
(16  feet  X  14  feet  and  14  feet  x  10  feet  are  provided  for  each  family; 
verandahs,  12  and  10  feet  wide,  are  provided. 

In  all  these  arrangements  it  will  be  perceived  that  the  essential  principles 
of  the  home  barracks  are  preserved ;  long,  thin,  narrow  lines  of  buildings, 
with  thorough  cross  ventilation,  with  the  sleeping-rooms  raised  well  off  the 
groiind,  would  certainly  appear  to  be  as  good  an  arrangement  as  could  be 
devised.    A  few  more  remarks  on  some  of  the  points  have  to  be  made. 

1.  Size  of  Houses. — If  there  are  no  strong  military  reasons  to  the  contrary, 
it  seems  certain  that  it  is  even  more  important  in  India  than  in  England  to. 
spread  the  men  over  the  widest  available  area,  and  not  to  place  more  than 
fifty  men  in  a  single  block,  and  twenty-five  men  in  a  single  room  ;  and 
therefore  the  proposed  plan  is  most  desirable.  There  has  been  an  objection 
raised,  that  small  detached  houses  in  the  hot  plains  of  India,  not  having  any 
large  space  in  shadow,  get  everywhere  heated  by  the  sun's  rays,  and  become- 
very  hot.  The  objection  is  theoretical;  it  is  the  immense  blocks  of  masonry 
used  m  the  construction  of  large  buildings  which  are  to  be  avoided  as  muck- 
as  possible,  since,  once  heated,  they  take  hours  to  cool. 

2.  Arrangement  o/ ^o?^.se6'.— Broadside  on  to  the  prevalent  wind,  and  dis- 
position en  echelon,  as  now  adopted  in  India,  is  obviously  the  proper  plan 
The  only  exception  will  be  when  there  are  marsh  or  gully  winds  to  be 
avoided,  and  then  the  houses  should  be  placed  end  on  to  the  deleterious 
wind ;  and  no  windows  should  open  on  that  side.  But  it  is  seldom  such  a 
site  would  be  selected  or  kept, 

If  a  barrack  is  built  on  a  slope,  and  the  ground  is  terraced,  the  Army 
banitary  Committee  have  recommended  that  the  barrack  should  be  placed 
end  on  to  the  side  of  the  hill,  and  not  nearer  the  slope  than  20  to  30  feet 
But  terracing  should  be  avoided  as  much  as  possible. 

3.  Breadtli  of  Homes.— in  England,  it  is  important  to  have  onlv  two 
rows  of  beds  m  each  house,  and  to  keep  the  houses  under  30  feet  in  width 
so  as  to  permit  effective  perflation.  A  single  verandah  is  as  good  as  a  double 
one  m  keeping  off  the  direct  rays  of  the  sun  from  the  walls  of  a  house  and 
two  verandahs  (one  inner  and  one  outer)  add  to  the  breadth  to  be  venti'laS 
The  width  of  the  verandahs  must  be  10  to  12  feet ;  and  on  the  southern  in d 
iTZf"'  -ooden  Jalousies  may  have  to  be  placed  so  as  to  occupy  f^^^^ 
leet  at  the  upper  part  or  the  verandali.  ■^•^ 
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Verandiih.s  should  be  ventilated  by  openings  at  tlie  highest  part,  so  as  to 
have  a  free  movement  of  air  through  them ;  this  is  very  important.  If  there 
are  two  storeys,  the  roof  of  the  upper  verandah  should  be  double. 

MataAals  of  Build ing. — On  this  point  there  is  little  choice,  for  the  risk  of 
fire  renders  the  use  of  wood  undesirable  for  walls  and  roofs.  And  yet,  apart 
from  this  risk,  loosely  joined  wood,  or  frames  of  bamboo,  have  the  great 
advantage  of  allowing  air  to  pass  through  the  walls.  Brick  or  stone  has 
therefore  to  bo  used.  In  India,  sun-dried  brick  (Jmtcha),  covered  with  cement, 
or  faced  with  burnt  brick,  is  often  used ;  and  the  remains  of  Eabylon  or 
N'ineveh  show  how  imperishable  a  material  this  is  if  properly  protected.  It 
is .  said  to  be  a  cooler  material  than  burnt  brick  (pucka),  but  it  absorbs  a 
great  deal  of  moisture. 

Iron  barracks  were  sent  out  from  England  during  the  mutiny,  but  were 
said  to  be  hot,  and  were  not  liked;  but  iron  frames  have  been  usefully 
employed,  the  intervals  being  filled  up  with  unburnt  bricks.  There  is, 
however,  a  very  general  feeling  against  unburnt  brick,  on  account  of  the 
moisture  it  absorbs  and  retains.  The  concrete  walls  now  coming  into  so 
much  use  in  England  would  be  particularly  adapted  for  India;  they  are 
cheap,  and  are  dry. 

Construction  of  the  Building. — The  three  points  to  be  aimed  at  are — avoid- 
ing the  malaria  and  dampness  of  the  ground,  should  there  be  any  risk  of  this ; 
insuring  coolness ;  providing  ventilation. 

(a)  Employment  of  Open  Arches  for  the  Basement. — The  extraordinary 
diminution  in  the  risk  of  malaria  by  elevating  the  building  only  a  few  feet 
above  the  ground,  and  allowing  a  free  current  of  air  under  the  house,  is  illus- 
trated in  various  parts  of  the  world :  along  the  banks  of  the  lower  Danube,  in 
the  plains  of  Burmah  and  Siam,  &c.  But  another  great  benefit  is  obtained  : 
dryness  and  freedom  from  pent-up,  stagnant,  and  often  septic  masses  of  air  are 
insured,  so  that,  even  when  the  soil  is  not  distinctly  malarious,  buildings 
should  be  raised.  In  a  malarious  country  the  height  of  the  ground-floor  above 
the  ground  should  be  8  or  1 0  feet ;  in  non-malarious  districts  3  or  4  feet  are 
sufficient,  but  it  should  always  be  high  enough  to  allow  cleaning. 

If  high  enough,  these  open  spaces  afford  excellent  spaces  for  exercise  during 
the  heat  of  sun. 

(h)  Walls. — Very  thick  brick  walls  do  not  add  to  coolness  (Chevers),  but 
being  thoroughly  heated  during  the  day,  give  out  heat  all  night.  The  direct 
rays  of  the  sun  should  not  be  allowed  to  fall  on  any  part  of  the  main  wall. 
This  will  be  found  one  of  the  most  important  rules  for  insuring  coolness. 
Double  main  waUs,  with  a  wide  space  between,  and  free  openings  above  and 
below,  so  as  to  admit  a  constant  movement  of  air  between,  is  the  coolest  plan 
known.  Considering  the  excellent  ventilation  which  goes  on  in  bamboo  and 
wooden  houses,  it  may  be  a  question  whether,  in  the  warm  parts  of  India,  the 
walls  might  not  be  made  as  far  as  possible  permeable ;  at  any  rate,  above 
the  heads  of  the  men.  Whitening  the  outside  walls  reflects  the  heat,  but 
is  dazzling  to  the  eyes ;  almost  as  good  reflection,  and  much  less  dazzling,  is 
obtained  by  using  a"  slight  amount  of  yellow  or  light  blue  colour  in  the  cement 
or  lime-wash. 

{c)  Floors.—The  materials  at  present  used  are  flagstones  (m  Bengal),  slates 
(in  some  barracks  in  the  Punjab),  greenstone  (in  some  Madras  barracks),  tiles, 
bricks  placed  on  end  and  covered  with  concrete,  pounded  brick  and  hme 
beaten  into  a  solid  concrete  and  plastered  with  lime,  broken  nodulated  lime- 
stone or  kunkur  (in  places  where  the  masses  of  kunlcur  are  found,  as  m 
Bengal),  asphalt,  pitch  and  sand,  wood  (Chevers).  Of  these  various  materials, 
the  asphalt  gets  soft  and  is  objectionable  ;  the  cem'>uts  s>'d  kunkur  wear  into 
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holes,  produce  dust,  and  have  been  supposed  to  cause  ophthalmia  (Chevers) ; 
wood  is  liable  to  attacks  of  white  ants,  &c. 

On  the  whole,  it  would  seem  that  good  wood  (if  there  be  a  space  below  the 
barracks)  with  brick  supports  is  the  best,  and  after  this  tiles. 

{d)  Roofs. — Double  roofs  are  now  usually  emj)loyed,  and  are  made  slanting, 
and  not  terraced.  The  terraced  roofs,  if  made  single  {i.e.,  with  battens  on  the 
joists  covered  with  kunkur),  conduct  heat  too  freely;  but  if  made  double,  with 
a  good  cmrent  of  air,  there  is  an  advantage  in  giving  a  promenade  to  the  men, 
and  also,  at  some  seasons  of  the  year,  the  roof  may  be  most  advantageously 
used  as  a  sleeping-place. 

The  sloping  roofs  are  better  adapted  for  ventilation.  The  coolest  roof  is 
made  of  thatch,  covered  with  tiles ;  it  would  be  cooler  still  if  the  thatch  were 
outside ;  but  thatch  is  dangerous  on  account  of  fire,  and  harbours  vermin  and 
insects.  If  there  is  a  good  space  between  the  two  roofs  (2  feet),  and  if  there 
are  sufficient  openings  to  permit  a  good  current  of  air,  perhaps  two  tile  roofs 
would  be  as  cool  as  any. 

(e)  Doors  and  Windoios. — These  are  now  always  made  very  numerous,  and 
opposite  each  other,  so  as  to  permit  perfect  perflation.  The  official  Sugges- 
tions order  one  window  for  every  two  beds.  Five  doors  are  recommended 
for  each  room  of  twenty-five  men;  and  Norman  Chevers  gives  a  good  rule:  A 
light  placed  in  the  centre  at  night  should  be  seen  on  all  sides.  Upper  as  well 
as  lower  windows — a  clerestory,  in  fact — are  useful;  the  lower  windows 
should  then  open  to  the  ground.  In  most  of  the  stations  in  northern  India 
the  windows  must  be  glazed. 

The  Committee  appointed  to  carry  out  the  suggestions  of  the  Indian  Sanitary 
Commission  have  recommended  that  each  window  should  consist  of  two  parts 
— the  upper  portion,  about  2  feet  in  depth,  being  hinged  on  its  lower  edge  to 
faU  inwards,  so  as  to  direct  the  currents  of  air  towards  the  ceiling  of  the 
room. 

Ventilation  of  To'ojncal  and  Subtropical  Barraclis. 

^  If  barracks  are  not  made  too  broad,  and  are  properly  placed,  the  some  prin- 
ciples of  ventilation  may  be  applied  to  them  as  to  barracks  at  home.  The 
perflation  of  the  wind  should  be  obtained  as  freely  as  possible.  The  numerous 
doors  and  windows,  however,  render  it  unnecessary  to  provide  special  inlets; 
outlets  should,  as  at  home,  be  at  the  top  of  the  room,  either  along  the  ridge, 
or  if  of  shafts,  they  should  be  carried  up  some  distance ;  if  they  are  made  of 
masonry,  and  painted  black,  the  sun's  rays  will  cause  a  good  up-current.  The 
area  of  the  shafts  is  ordered^  to  be  1  square  inch  to  every  15  or  20  cubic 
feet,  with  louvres  above  and  inverted  louvres  below.  In  the  lower  rooms 
these  shafts  are  to  be  built  in  the  walls ;  in  the  upper  rooms  to  be  in  the 
centre. 

In  many  parts  of  India,  however,  at  particular  times  of  the  year,  the  air  is 
both  hot  and  stagnant;  in  such  stations  artificial  ventilation  must  be  employed, 
and  the  forcing  in  of  air  ofi'ers  greater  advantages  than  the  method  by  aspira- 
tion. The  wheel  of  Desaguliers  was  introduced  into  India  many  years  ago 
by  Dr.  Eankine,  and,  under  the  name  of  "  Thermantidote,"  is  frequently  used 
m  private  h  ouses  and  hospitals.  AVheels  may  be  used  of  a  larc'er  kind  and 
driven  by  horses  and  bullocks,  or  steam  or  water  power.  The  great  advan- 
tages are  that  the  air  is  put  in  motion  and  can  be  cooled  by  evaporation. 


1  Suggestions,  p.  22. 
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An  Arnott's  pump,  made  as  large  as  a  man  can  easily  work,  will  be  found 
to  be  cheaper,  and  as  good  as  tlie  tbermantidote. 

The  common  punkah  is  a  ventilator,  as  it  displaces  masses  of  air ;  the 
waves  pass  far  beyond  the  building,  and  are  replaced  by  fresh  au?  waves 
entering  in.  An  improved  punkah,  worked  by  horse  or  bullock,  and  supplied 
with  water  for  evaporation,  was  devised  by  the  late  Mr.  Moorsom  of  the  5  2d 
Kegiment;  it  is  described  and  figured  in  the  Report  of  the  Indian^  Sanitary 
Commission,  and  would  seem  likely  to  be  a  very  useful  modification  of  the 
common  punkah. 

Ventilation  in  most  parts  of  India  must  be  combined  with  plans  for  cooimg, 
and  often  for  moistening  the  air.  ,   .     ,      -t,.  • 

Cooling  o/^w'.— When  the  air  is  dry,  i.e.,  when  the  relative  humidity  is 
low  there  is  no  difficulty  in  cooling  the  air  to  almost  any  extent.    If  the  air 
be  moving,  this  is  still  easier.    The  evaporation  of  water  is  the  great  cooimg 
aoency.    A  drop  of  water  in  evaporating  absorbs  as  much  heat  as  would 
raise  967  equal  drops  1°  ¥ahr.,  or,  in  other  words,  the  evaporation  of  a 
aallon  of  water  absorbs  as  much  heat  from  the  air  as  would  raise  4^  gaUons 
of  water  from  zero  to  the  boiling-point.    As  the  specific  heat  of  an  equal 
weight  of  air  is  I  that  of  water,  it  follows  that  the  evaporation  of  1  gaUon  or 
10  i)  of  water  will  cool  (10  x  4  x  967)  38,680  R  of  air,  or  477,63/  cubic  feet 
of  air  r  Eahr.  ;  or,  to  put  it  in  another  way,  the  evaporation  of  1  gaUon  ot 
water  will  reduce  26,216  cubic  feet  of  air  from  80    to  60   Fahr.  it 
thoroughly  utilised,  1^  gaUon  per  head  would  be  the  allowance  for  twelve 
hours,  but  as  the  full  work  is  never  got  out  of  any  material,  this  quantity 
ought  in  practice  to  be  doubled.    In  India  the  temperature  of  a  hot  dry 
wind  is  often  reduced  15°  to  20°  by  blowing  through  a  wet  kuskus  tattie 
but  merely  sprmkling  water  on  the  floors  will  have  a  perceptible  effect  on 

'^Yl:^rhf  Sr  is  stagnant  cooling  is  less  easy.  In  India  it  is  often 
attempted  in  a  still  atmosphere,  to  insure  coohiess  by  creating  currents 
o  Sr  Sher  by  the  simple  punkah  or  by  thermantidotes ;  these  act  by 
increasin  e^^^^^^  from  the  body,  and  they  certainly  do  away  with  the 

of  a  still  atmosphere.    But  evaporation  f  ^-"^^  o£ 
employed,  as  in  Captain  Moorsom's  punkah  just  referred  to,  or  m  some  other 

""Tn  the  case  of  a  tbermantidote,  or  Ai-nott  pump  thin  wet  ^Jof  ^^^^^^^^^ 
in  a  short  discharge-tube,  or  ice  suspended  m  it,  or  a  bottle  contammg  a 
freezing  mixture,  and  with  a  wet  surface,  wiU  answer  equally  well. 

Wb?n  water  is  abundant  other  contrivances  may  be  employed.    A  stream 
of  water  ilsue     om  a  smaU  orifice  with  a  high  velocity,  and  "W^f 
a  roimd  S)n  plate  about  an  inch  or  two  from  the  orifice  is  beautifully 
a  rouna  iron  i         -..p^^.tiful  sheet-water  fountains  used  to  wash  air  ioi 

parts  of  India  may  be  suggested  ^^^^  ..^  , 

Cooling  IS  then  ^a^y  when  the  au^     dij,  o    J         ^^^^^^  ^^^^^^^^^^ 

cent,  of  saturation  ;  but  when  the  au  is  jeiy  same  time  still, 

is  often  the  case,  for  --1^^^-^^°^^^^^^  ^(^f  eSirt  ^LTnuist be  set 
evaporation  IS  very  slow     ^^^^^  it  to  be  cooled?    Two  plans 

in  motion  by  mechanical  means.    Lat  Iioav  is  "     ,       ,  employ- 

suggest  themselves-takiug  the  air  through  a  deep  tuunel,  and       emi  y 

ment  of  ice.  .   a  ova  nnd  was  not  well 

The  tunnel  plan  was  tried  some  years  ago  at  Agia,  and  was  noi 
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thought  of.  But  everything  depends  on  the  mode  of  making  the  tunnel. 
It  must  be  deep  enough  to  get  into  a  cold  stratum  of  earth.  ^ 

The  Chinese,  in  the  north  of  China,  suspend  lumps  of  ice  in  their  rooms 
during  the  summer;  but  this  seems  a  wasteful  jjlan.  Ice  in  tunnels  would 
have  a  much  greater  effect.  If  the  ice  cannot  be  obtained,  freezing  mixtures 
might  possibly  be  used,  if  the  expense  is  not  a  bar. 

Ablution  Rooms. — In  India,  every  private  house,  and  almost  every  room  in 
a  house,  belonging  to  a  European,  has  its  bath-room.    And  not  only  the 
luxury,  but  the  benefit  is  so  great,  that  bath-rooms  should  be  considered 
essential  to  every  barrack.    For  the  usual  purposes  of  ablution  the  plan  now 
used  on  home  service  is  the  best ;  but  it  should  be  supplemented  by  shower- 
baths.    In  order  that  these  shall  be  efficiently  given,  the  old  plan  of  carrying 
water  by  hand  must  be  given  up ;  shower-baths  for  a  regiment  could  never  be 
provided  in  this  way;  water  in  large  quantity  must  be  laid  on  in  pipes,  and 
cisterns  at  the  top  of  every  baAack  should  feed  the  ablution  rooms,  and 
supply  water  for  the  urinals.    At  least  from  12  to  18  gaUons  daily  should  be 
allowed  per  head  for  shower-baths  alone,  and  if  possible,  more  than  this  as 
general  baths  should  be  also  provided.    So  essential  must  baths  be  considered 
for  health,  that  a  large  supply  of  water  should  be  considered  a  necessary  con- 
dition m  the  choice  of  site.    The  disposal  of  the  water  after  use  is  a  question 
lor  the  engineer;  but  it  must  not  be  permitted  to  soak  into  the  ground  near 
tlie  barracks;  it  might  seem  superfluous  to  notice  this,' if  the  custom  of  allow- 
mg  the  ablution  water  to  run  under  the  houses  did  not  prevail  at  some  stations 
t/rmafe.— Urme  tubs  are  stiU  used  in  many  of  the  barracks  in  India,  but 
tHeir  use  should  be  discontinued  as  soon  as  possible.  *  Evaporation  is  rapid 
and  decomposition  soon  sets  in.    Several  army  surgeons  have  pointed  out 
that  the  atmosphere  is  greatly  contaminated  in  this  way,  and  some  have  con- 
sidered that  affections  of  the  eyes  are  produced  by  the  ammoniacal  fumes 
Earthenware  or  slate  urinals  should  be  used,  with  water  running  throu-h 

r  1    i^r""'  ^'^^"^  *°  '^^"'-^  ^      ^^^'^^6'    ^i^c  pipe  may  be  laid 

mside  the  building,  and  open  into  a  tub  below,  which  should  be  emptied  daily 
ihe  VVar  Office  Committees  recommended  Mr.  Jenning's  urinal,  which 
cTr  i  -^1-'  •^^^]  -iWtrap,  supplied  with  water     li  t 

cleaned  and  filled  by  raising  the  handle.    As  already  noticed  in  the  Home 

nblnfTo .  °f  ^  ^^'^11  water-tap  above,  to  allow  the  means  of 

ablution,  seems  an  excellent  one. 


Sub-Seotion  IV.— Wooden  Huts. 

Of  late  years  the  use  of  wooden  huts,  both  in  peace  and  war  has  -veatlv 

™d  ^heT"'  °' t  ur^T^  ~  P--'  ^  fi-t  cos  t 
small,  and  they  are  very  healthy.    In  war,  they  afford  the  means  of  hm<,\Z 

an  army  expeditiously,  and  are  better  adapted  Ir  winter  qiSrter  In  tente 
The  healthmess  of  wooden  huts  doubtless  depends  on  the  free  ventnafW 
when  single-cased,  the  wind  blows  through  them;  and  even  wh  n  do^^^^^^^^ 
there  IS  generally  good  roof  and  gable  ventilatioi.  ^ 

JNumerous  patterns  of  huts  have  been  used  in  our  own 
from  small  houses  holding  six  men  to  the  1  ^e  Lules Tm'' 
Brunei  for  Renkioi  Hospital,  and  which  were  25  feef  hS,  TWl  ? 
feet  at  the  eaves,  and  he^ld  50  men.    In  the  clt^^Kiost  Zi^^^ 

^  ^urjfjestions,  p.  24.  °  ' 
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were  for  12,  18,  and  24  men.  Lord  AVolseley  thinks  the  most  useful  size 
is  32  feet  long,  16  wide,  6  feet  to  eaves,  and  16  to  ridge,  to  hold  28  men; 
two  huts  are  put  end  to  end,  with  one  chimney  Ijctwecn  them.  If  pro- 
tection has  to  be  obtained  against  wind,  make  a  wall  a  foot  away. 

In  arranging  lines  of  hats,  as  much  external  ventilation  and  sunlight  must 
be  secured  as  possible  for  every  hut.  According  to  circumstances,  the 
arrangements  in  linos,  or  m  echelon,  &c.,  must  be  adopted. 

In  time  of  peace  huts  are  sure  to  be  put  up  well;  to  be  properly  under- 
pinned ;  on  a  drained  site,  and  well  warmed. 

War  Huts. 

In  the  putting  up  of  huts  in  the  time  of  war,  when  everything  is  done 
more  roughly,  the  following  points  should  be  attended  to  :—  _  . ,  , 

Do  not  excavate  ground,  if  possible;  and  never  pile  earth  against  the  sides. 

(a)  Floor.—WhQnevev  practicable,  underpin  the  joists,  so  as  to  get  a 
current  of  air  under  the  floor.  Arrange  for  the  drainage  underneath,  so  that 
water  may  not  lie,  but  may  be  carried  by  a  surface  drain  at  once  to  an  outside 
drain.  If  the  floor  is  entirely  of  wood,  have  it  screwed  and  not  nailed  down 
so  that  the  boards  may  be  taken  up,  and  the  space  below  cleaned,  it  the 
sides  are  of  planks,  and  the  centre  of  earth,  pave  the  centre  with  small  stones 
i  they  can  be  got  so  that  it  may  be  swept.  If  this  cannot  be  done,  remove 
a  littll  of  the  surface  earth  every  now  and  then,  and  put  clean  sand  or  gravel 

Sides  -If  the  sides  are  double,  leave  out  a  plank  at  the  bottom  of  the 

ou  side  and  at  the  top  of  the  inner  lining.    If  the  sides  are  smgle,  make 

openings  for  ventilation  above  the  men's  heads,  with  wooden  flaps 

MbrinS  and  capable  of  being  pulled  more  or  less  up,  and  inclosing  the 

op  Sng     Plac'e  a  plank  obliquely  along  the  bottom  at  the  outside  to  th,^w 

?he  drfp  from  the  roof  outwards,  so  that  the  water  m^ay  not  smk  undei  the 

houses     Whitewash  both  inside  and  outside  of  the  planks. 

M  i?oof -Arrano-e  for  ridge  ventilation.  If  felt  is  used,  let  the  strips  run 
(6)  Moof.    Auan^ei        ^  ^^^^^^  ^^^^  ^^^^^^ 

beoiniiing  at  the  bottom,  so  that  each  successive 
stnp  may  imbricate  over  the  one  below  it;  use 
no  nails,  but  place  thin  strips  of  board  across 
the  strips  from  the  ridge  downwards,  to  hold 
the  felt  down.    Tarred  calico  is  as  good  as  lelt. 

Wcmning.^ln  cold  countries,  if  stoves  are 
provided,  place  them  at  one  end  and  let  the 
chimney  run  horizontally  along  above  the  tie- 
beams,  to  the  other  end,  and  open  at  the  gable : 
^'S- 101-  in  this  way,  the  heat  is  economised :  or  put  a 

o.si„g  o£  wood  round  the  stove,  J"  j™:'  » VStra'fi..- 

pass  between  the  stove  and  casing.  If  ™.  ^^^feU  aiid  a  wooden  trough 
place  fa  made  with  stone,  it  should  be  put  at  one  end  ™*  ^    °       H,  =  j 

Lning  out  at  the  ^ble  ^-^f,  ^  ^./^rrUcl  hoards  and 

Stone  can  be  obtained  for  a  heaitn-stonc,  ui^  _ 

dipped  in  oil  before  being  put  in  :  tins  greatly  mci  ease.s  tne 
drawn,  and  also  saves  the  wood  to  some  degi-ee. 
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lead  the  air  from  outside  under  the  hearth-stone,  and  provide  an  opening  at 
the  other  side  of  the  stone.    In  this  way  the  entering  air  is  warmed. 

Trenches  shouki  he  carried  round  huts  as  in  the  case  of  tents. 

Fig.  102  shows  a  plan  much  used  by  the  Germans  in  1870-71  for  tem- 
porary sheds ;  the  crossing  of  the  rafters  permits  thorough  roof  ventilation, 
and  the  raising  from  the  ground  where  practicable  is  very  important. 

Causes  of  UiiheaWiiness  of  Wooden  Huts. 

1.  Dampness  from  Ground,  Earth  against  Wall,  ^c. ---Drain  well.  Cut 
away  ground  from  outside ;  have  good  trenches  round,  with  a  good  fall. 

2.  SiLhstances  collecting  under  Floors.' — Look  well  to  this  as  a  common 
cause  of  unhealthiness. 


K  ] 

[  A 

Fig.  102.— Plan  of  Genaau  Shed. 

3.  Earth  round  Huts  saturated  loith  Refuse,  Urine,  cj-f.— Every  now  and 
then  clear  away  the  surface  earth,  and  replace  it  with  clean  dry  earth. 

4.  Ventilation  bad  from  too  few  openings. 

5.  poZf?.— Issue  extra  clothes,  if  additional  fuel  cannot  be  obtained.  See 
.  that  the  greatest  effect  is  obtained  from  the  fuel ;  but  do  not,  if  it  can  possibly 

be  helped,  close  the  ventilators. 

Sub-Section  V.— Tex\ts  and  Camps. 
Tents. 

A  good  tent  should  be  light,  so  that  it  may  be  easily  transported,  readily 
and  Wy  pitched,  and  easily  taken  down.  It  should  completely  protect  from 
weather,  be  well  ventilated,  and  durable. 

It  is  perfectly  easy  to  devise  a  tent  with  some  of  these  characteristics,  but 
not  to  combme  them  all.  ' 
The  tents  used  in  our  army  are  as  follows  :  

Home  Service. 

The  Bell  Tent.— A  round  tent  with  sides  straight  to  1  or  2  feet  high  and 
then  slantmg  to  a  central  pole.    Diameter  of  base,  14  feet ;  height,  lo'feet 
area  of  base,  154  square  feet;  cubic  space,  513  feet;  we  ght,  when  drv  i 
about  65  to  70  lb.    The  canvas  of  the  new  pattern  is  m'ade  of  cottin  or  iL^n 
The  ropes  extend  about  11  foot  all  around.    It  holds  from  twelve  to  sixteen 

x^ffh  \i    r       ^^"'f '  one  tent.    The  men  Ue 

mth  their  feet  towards  the  pole,  their  heads  to  the  canvas.    With  eighteen 


1  Complete  wetting  of  a  tent  adds  from  30  to  40  per  cent,  to  tl.e  weight. 
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men,  the  men's  shoulders  touch.  Formerly,  there  was  no  attempt  at  ventila- 
tion j  but  afterwards  a  few  holes  were  made  in  the  canvas  near  the  pole. 
Ventilation,  however,  was  most  imperfect.^  Dr.  Fyffe  (formerly  of  the  Army 
Medical  School),  who  carefully  examined  this  point,  found  the  holes  so 
small  that  the  movement  of  air  was  almost  imperceptible.  There  is  little 
ventilation  through  the  canvas,  and  .none  at  aU  when  it  is  wet  with  dew. 
The  new  circular  tent  is  somewhat  improved  as  regards  ventilation.  _ 

The  Hospital  Marquee.^An  improved  hospital  marquee  was  issued  m  1860. 
It  is  in  principle  the  same  as  the  old  marquee,  but  with  improved  ventilation. 
This  tent  is  two-poled,  with  double  canvas.  It  is  made  of  a  lower,  almost 
quadrangular  part,  and  an  upper  part,  sloping  from  the  top  of  the  straight 

portion  to  the  ridge.  •        .      •  i^i  •  i.i 

A  new  pattern  measured  in  1872  was  28  feet  long,  14  feetm  width  m  the 
quadrangular  part,  5  feet  high  to  the  top  of  the  straight  part,  and  12  feet 
hiah  from  ground  to  top  of  ridge  ;  the  ground  space  was  353-4  feet,  and  the 
cubic  space  2766-6  feet.    This  is  rather  smaller  than  the  old  pattern.  _ 

It  is  intended  for  sick,  and  can  accommodate  ten  men  weU;  eighteen  is  the 
regulation,  and  twenty-four  men  have  been  put  in  it ;  but  this  crowds  it  ex- 
tremely. There  are  ventilators,  and  a  large  flap  at  the  top  can  also  be  opened 
for  ventilation,  and  the  fly  can  be  raised.  Its  weight  (includmg  the  valise)  is 
about  500  5).   A  waterproof  sheet  is  now  supplied,  to  put  on  the  ground,  and 

%Ts^?good^ tent  when  care  is  taken  with  ventilation ;  but  there  should  be 

a  way  of  raising  one  whole  side,  so  as  to  expose  every  part  of  the  tent;  and  it 

the  height  of  the  upright  part  were  6  feet     would  be  more  convenient. 

Circular  Tent— A  double  circular  tent,  weighing  about  100  S),  has  been 

approved  of  for  hospital  purposes,  into  which  four  sick  or  wounded  men 

would  be  placed.    This  forms  part  of  the  new  field  eqinpment. 

Mter  r^'f.-There  is  no  official  shelter  tent  for  the  English  army  on  home 

servte  but  one  was  formerly  issued  for  service  at  the  Cape     Each  man 

ca^ISL  cL^^^^^^  sheet,  made  np  of  a  quadrangular  (5  feet  9  mches  x  5  feet  3 

nchS)  anTof  I  triangular  piece  (2  feet  8  inches  height  of  triangle  x  5  feet  3 

n  h  s  bTse)     Buttons  and  button-holes  were  sewn  along  three  Bides,  and  a 

sUck  (4  feet  long,  and  divided  in  the  middle),  and  three  tent  pegs  and  rope 
stick  (4  leet  ion  ^^^^^^  ^^^^^  together,  the 

SnXCtgllhelrd  flap.  A  very  roomy  and  comfortable  shelter  tent, 
/feet  in  St  was  formed,  which  would,  with  a  httle  crowding,  accom- 
tX:i^^:.o^  two  sheets  could  go  onjhe  ground^  T  e  ol.e.ion 

on  rifles  2    A  plan  for  makmg  a  shelter  tent  with  blanKera  is  „iven 
tstn^^tionsforMcampmmls.  1877  p.  19- P^^I^^^^^  field-offleer ;  each 

quee  weighs  176  S). 

071  Indian  Service. 

1  Barraxk  Tmprovmnent  Rejyort,  V.  107- 

2  Arm7j  Med.  Depart.  Report  for  18/0  ,  18/ 2,  p.  -ou. 
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and  outer  fly,  11  feet  9  inches.  Twenty-five  infantry  are  accommodated  with 
85  cubic  feet  per  man  :  or  twenty  cavalry  with  saddles,  with  100  cubic  feet. 

The  tents  for  natives  have  a  single  fly.  Length,  22  feet;  breadth,  12 ;  height 
of  pole,  10  feet ;  to  accommodate  twenty  cavalry,  or  twenty-five  infantry. 

French  Tents. — In  the  French  army  two  chief  kinds  of  soldiers'  tents  were 
used. 

1.  The  tente  d'abri,  or  shelter  tent  of  hempen  canvas,  which  was  intended 
for  three  or  four  men.    This  is  now  given  up. 

2.  Tente  de  Troiipe,  or  Tente  Taconnet. — This  is  a  two-poled  tent,  with  a 
connecting  ridge-pole.  It  is  19|feet  long,  by  13  or  14  wide,  and  10  high; 
the  ground  area  is  243*5  square  feet.  It  is  intended  for  sixteen  men.  There 
are  two  openings  in  the  centre,  which  can  be  held  out  by  poles,  each  5  feet 
in  length,  or  closed  at  pleasure.  Between  the  poles,  at  the  height  of  6  feet, 
there  is  a  perforated  wooden  plank,  on  which  articles  are  placed,  or  from 
which  they  hang.  The  total  weight  is  143-5  5)  avoir.  This  tent  is  con- 
sidered cumbersome  and  unstable,  and  is  now  being  abandoned. 

3.  Two  conical  tents  are  also  used,  like  the  English  beU  tent ;  one  {tente 
conique)  a  cone,  and  the  other  having  an  upright  wall  16  inches  high,  and 
then  being  conical  above  {tente  conique  d  muraiUe).  This  last  tent  is 
ventilated  at  the  top;  a  galvanised  iron  ring,  12  inches  in  diameter,  receives 
the  canvas,  which  is  sewed  round  it.  An  opening  is  thus  left  of  113  square 
inches,  which  can  be  closed  by  a  wooden  top  which  rests  on  the  top  of  the 
pole,  and  is  buckled  to  the  ring.  Each  tent  holds  twenty  men.  The  t&nte 
conique  is  the  one  now  chiefly  used.  Small  tents  called  tentes  de  mar  die  are 
now  issued  to  officers,  who  formerly  provided  their  own  of  various  forms. 

Prussian  Tent. — This  is  a  conical  tent,  with  a  single  pole,  like  the  bell  tent 
of  the  English  army;  it  is  nearly  15  feet  in  diameter,  the  pole  is  12  feet  high; 
it  holds  fifteen  men,  and  weighs  91  Bb  avoir.  The  floor  space  is  12  square 
feet  and  the  cubic  space  70  cubic  feet  per  head. 

Prussian  Hosjntal  Tent.— The  ground  floor  of  the  tent  is  a  rectangle  62 
feet  long  and  24  broad;  the  tent  is  16  feet  high;  there  are  6  or  8  poles;  the 
area  is  1488  square  feet.  It  is  divided  into  three  parts:  a  central,  52  feet 
long  and  24  broad  (  =  1248  square  feet),  for  the  sick,  and  two  rooms,  each  5 
feet  bug  and  24  broad,  for  attendants,  utensils,  &c.  Some  of  the  tents  are 
made  with  hollow  iron  poles,  and  there  is  a  good  hood  for  ventilation.  Each 
tent  could  contain  20  to  22  beds,  but  only  twelve  patients  are  placed  in  it. 
It  stands  on  an  area  of  80  feet  by  40.  Since  1862  the  Prussians  have  treated 
many  of  the  worst  cases  under  such  tents  during  the  summer.  The  same 
practice  has  been  adopted  in  the  Austrian  army  for  many  years. 

Russian  Tent.— The  infantry  tent  is  quadrangular,  14  feet  square  and  7 
feet  high  to  the  slope ;  there  is  a  centre  pole  and  four  corner  poles ;  it  is 
intended  for  fourteen  men,  but  only  twelve  are  usually  placed  in  it.  Round 
the  tent  is  a  bench  11  foot  broad,  and  covered  with  straw  mattresses  and 
sheets  (in  the  summer  camps)  for  sleeping.  A  wooden  rack  round  the  centre 
piJlar  receives  the  rifles.  The  canvas  can  be  partly  or  entirely  lifted  up.  The 
officers'  tents  have  doiible  canvas. i 

Northern  American  Te7its.— At  the  commencement  of  the  civil  war  the 
Sibley  tent  was  much  used.  It  is  conical,  18  feet  in  diameter,  and  13  feet 
high,  with  an  opening  for  ventilation,  and  gives  1102  cubic  feet;  often  twenty 
or  twenty-two  men  were  held  by  one  tent.  Bell  and  wedge  shaped  tents 
were  also  used ;  the  latter  was  6  feet  10  inches  long,  8  feet  4  inches  broad 
and  b  feet  10  inches  high,  with  a  cubic  space  of  194feet.    It  held  six  men  ' 


1  From  Heyfelder's  Camp  of  Krasnoe-Selo,  1868. 
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These  tents,  however,  did  not  answer;  the  ventilation  was  most  imperfect, 
and  in  the  summer  of  1862  ponchos  and  shelter  tents  were  issued,  which  iu 
the  army  of  the  Potomac  superseded  the  old  tents, ^  The  poncho  is  a  piece 
of  oil-cloth  with  a  slit  in  the  centre,  through  which  the  head  is  put ;  two 
ponchos  can  form  a  shelter  tent.  The  army  of  the  Potomac  spent  the  winter 
in  improvised  huts  of  logs  or  mud,  with  the  shelter  tent  for  the  roof. 

The  larger  tents  are,  however,  still  used  for  stationary  commands,  and  for 
hospital  purposes. 

Other  Plans. — A  very  great  number  of  different  kinds  of  tents  are  employed 
by  different  nations,  and  many  plans  have  been  proposed  of  late  years.  ^  Of 
these  Edgington's  square  military  tent,  and  Turner's  and  Rhodes'  tents,  are 
the  best.  The  first  is  a  single  poled  pyramidal  tent,  with  a  second  pole  to 
sustain  the  entrance  flap  ;  it  is  13  feet  square,  and  will  hold  sixteen  men. 
There  are  ventilating  holes  through  the  canvas  at  the  top,  protected  by  canvas. 
It  weighs  90  t). 

Turner's  tents  are  conical  and  oblong ;  the  pole  is  hollow  iron,  and  is  sup- 
ported in  a  tripod,  below  which  a  stove  can  be  placed,  to  which  the  pole  serves 
as  a  chimney.  Instead  of  ropes,  galvanised  wire  and  iron  pegs  are  used,  and 
wire  ropes  running  from  the  pole  to  the  circumference  are  used  to  sustain 
hammocks,  and  so  raise  the  men  from  the  ground.  A  tent  for  eighteen  men 
w^eighs  300  lb.  Turner's  hospital  tent  is  60  feet  long,  29  wide,  aud  18  high, 
and  weighs  896  ib.3  A  great  advantage  of  these  and  similar  tents  is  that  a 
stove  can  be  easily  used,  and  there  is  pretty  good  ventilation  through  the 
hollow  pole.    The  raising  of  men  off  the  ground  is  also  a  great  advantage. 

Major  Ehodes'  tent  is  a  curvilinear  octagon,  which  is  made  up  by  a  frame 
of  stout  ash  or  bamboo  ribs,  which  are  stuck  into  the  ground,  passing  through 
a  double-twisted  rope  near  the  ground,  and  bent  into  the  centre,  where  they 
meet  in  a  wooden  head  fitted  with  iron  sockets,  to  receive  the  ends  of  the  ribs. 
The  framework  is  not  unlike  an  open  umbrella.  The  rope  through  which  the 
ribs  pass  is  well  pegged  to  the  ground,  and  there  are  also  outside  storm  ropes 
so  that,  both  from  the  shape  of  the  tent  and  its  ties,  no  storm  can  blow  it 
over  There  is  a  good  top  ventilation  through  an  opening  protected  by  a 
leathern  cap,  and  the  canvas  covering  which  contains  the  tent  (when  packed) 
can  be  divided  into  two  parts,  and  buttoned  inside  the  bottom  of  the  tent,  so 
as  to  prevent  air  from  blowing  in  under  the  canvas.  _ 

A  smaU  tent  (guard  tent),  capable  of  holding  four  or  five  men,  is  also  used. 

The  hospital  tent  is  made  of  two  of  these  tents  connected  by  a  portion  ot 
tent  made  of  ribs  which  run  to  a  ridge  pole.  It  is  30  feet  long  15  feet  wide 
and  10  feet  high,  but  can  be  made  of  any  length.  The  field  tent  weighs 
100  S)  •  the  hospital  tent,  395  Ih.  Both  these  seem  excellent  tents ;  they  give 
much  more  ground  area,  cubic  space,  and  standing  room,  than  any  form  ot 
cone  tent,  and  are  more  convenient,  as  there  are  no  poles. 

General  Conclusions. 
The  history  of  all  wars  in  the  temperate  zone  proves  that  men  cannot  war 
without  protection  from  weather.^    Both  theory  and  experience  show  tha 
the  best^rrangement  for  a  soldier  is  that  he  ^.^^[^  ^  ^^^^^^^^^^^ 

a  shelter  tent,  which  may  at  once  serve  him  fo^r^adoak  on  the  maich,  and^ 

X  Woodward,  OMines  of  the  Chief  Cav^p  diseases  of  iU  VM^ 

2  A  very  good  description  will  be  found  in  Major  Rhodes  Tent  UJc  ana  juncamp  y, 

I  S  Frau^o-aLan  war  of  1870-71,  does  not  negative  tlva  rule  that  s^^elter  m^^^^^ 
oine  way ;  the  Germans  in  their  camps  hutted  themselves,  and  in  their 
shelter  in  houses  in  the  greater  number  of  cases. 


CAMPS.  553 


cover  at  night,  if  he  is  obliged  to  lie  out  without  pitching  his  tent,  and  which, 
joined  to  two  or  three  other  similar  pieces,  may  make  a  tent  to  hold  three  or 
lour.  The  French,  however,  have  abandoned  this  system,  believing  that  its 
advantages  are  more  than  counterbalanced  by  the  extra  weight  the  men  have 
to  carry.  For  camps  of  position,  where  troops  are  kept  for  months,  and  where 
there  is  less  trouble  about  transport,  larger  tents  can  be  used,  and  then  either 
a  tent  like  that  of  M^yor  PJiodes',  or  a  two  or  four  poled  tent  like  the 
Prussian,  appears  to  be  the  best. 

The  French  system,  now  adopted  by  the  Americans,  is  in  reality  a  very  old 
one.  The  Macedonians  used  small  tents  which  held  two  men,^  and  Ehodes 
figures  a  little  shelter-tent  of  the  same  form  as  the  French,  and  holding 
apparently  five  men,  which  was  in  use  in  the  British  army  in  1750. 

At  various  times  in  late  wars  the  English  army  have  extemporised  tents 
of  this  description,  by  suspending  blankets  over  their  firelocks.  But  it  would 
be  much  better  to  have  a  good  shelter  tent,  which  would  make  the  men  inde- 
pendent of  their  bell-tents,  on  emergency,  and  thus  greatly  lessen  the  baggage 
of  the  army,  as  well  as  protect  the  men. 

An  army  could  then  encamp  and  house  itself  as  fast  as  it  could  take  up  its 
ground,  and  so  short  is  the  time  necessary  for  pitching  the  tent  that  even  in 
heavy  rain  the  men  would  not  get  wet.  The  men  lie  much  more  comfortably 
than  ia  the  bell  tent,^  and  there  is  scarcely  a  possibility  of  its  being  blown 
down. 

Camps. 

Several  regulations  have  been  issued  by  the  Quartermaster-General's 
Department,^  and  the  Queen's  Regulations  *  contain  several  orders  which  will 
be  noticed  hereafter.  The  Barrack  Improvement  Commissioners  ^  also  lay 
down  certain  rules  which  must  be  attended  to. 

Encampments  are  divided  into  two  kinds — those  of  position,  which  are  in- 
tended to  stand  for  some  time,  and  incidental  camps.  The  camps  are  arranged 
in  the  same  way  in  peace  and  war,  as  a  means  of  training  the  men ;  but,  of 
course,  in  peace  the  war  arrangements  need  not  be  adhered  to. 

In  the  Regulations  and  Instrudioiis  issued  in  1877  by  the  Quartermaster- 
General's  Department,  the  following  rules  are  laid  down  : — 

1.  That  the  means  of  passing  freely  through  the  camp  should  be 
maintained. 

2.  That  the  tents,  bivouacs,  or  huts  should  be  disposed  with  a  view  to  the 
greatest  amount  of  order,  cleanness,  ventilation,  and  salubrity. 

3.  That  the  camp  be  as  compactly  arranged  as  possible,  consistently  with 
the  above  considerations. 

Troops  are  ordered  to  be  encamped  in  such  a  manner  that  they  can  be 
rapidly  formed  in  a  good  position  for  action.  This  does  not  involve  the 
necessity  of  encamping  on  the  very  position  itself.  ^  Although  purely 
strategical  or  tactical  considerations  are  of  the  first  importance  before  an 
enemy,  yet  sanitary  advantages  must  always  be  allowed  great  weight  and 
will,  m  most  cases,  govern  the  choice  of  ground  if  military  reasons  permit 
C^avalry  and  infantry  camps  are  directed  to  be  formed  with  such  intervals 

1  Rhodes'  Tent  Life,  p.  13.  ~~ 

3  Regulations  and  Instructions  for  Encampments,  "  Horse  Guards  "  1877  A  rrr^o+  a    i  v 
very  important  information  is  given  in  this  little  book                     '  ^^^^^  ^^""^ 

♦  Pocket  edition,  section  8.  ^  I'iemrt  1861  n  l«« 

Regulations  and  Instrwtions  for  Encampments,  p.  1,  section  ii." 
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between  their  troops  or  companies  as  circumstaaces  may  require,  or  the 
general  commanding  may  direct.  Open  column  is  usually  the  most  extended 
order  used  ;  but  the  camp  may  be  so  compressed  as  to  give  only  8  square 
yards  per  head.^ 

In  front  of  the  camp  is  the  battalion  parade,  the  quarter-guard  being  in 
front  of  all.  Behind  the  men's  tents  are  the  kitchens,  and  behind  these  the 
tents  of  the  officers;  then  come  the  wagons,  horses,  drivers,  and  batmen;  next 
the  ashpit  and  latrines,  and  on  the  boundary  line  the  rear-guard.  In  fixed 
camps  the  latrines  and  kitchens  may  be  pitched  elsewhere,  if  found  advisable. 

The  distances  between  different  corps  are,  as  a  rule,  to  be  30  paces. 

Cavalry  are  encamped  in  the  same  way,  in  columns  of  troops  or  squadrons  ; 
4  feet  of  space  is  allowed  to  each  horce,  which  is  picketed. 

Artillery  encamp  with  the  guns  in  front,  the  wagons  in  two  lines  behind, 
and  the  horses  and  men  on  the  flanks,  the  men  being  outside,  the  officers' 
tents  being  in  rear.  A  battery  of  artillery,  with  192  of  all  ranks,  and  154 
horses,  occupies  a  space  of  175^  yards  by  133  in  open  order,  and  85  by  7U 
in  close  order.    Other  arrangements  are  given  in  the  Regulations.^ 

On  considering  these  arrangements,  it  is  evident  that  the  compression  of 
the  men  is  considerable.  As  in  war  it  is  not  always  easy  to  give  space,  the 
importance,  even  in  a  military  point  of  view,  of  thoroughly  ventilating  the 
tents  is  obvious. 

Compressed  Cam^s.— Occasionally  the  tents  have  been  placed  much  closer 
together.  It  is  to  be  presumed  that  no  military  officer  who  regards  the 
comfort  or  health  of  his  men  will  ever  do  so  without  an  imperative  military 
necessity.  Yet  it  has  been  occasionally  done,  and  tents  have  been  placed 
almost  as  closely  as  they  could  be,  even  when  ground  was  available,  and  no 
enemy  was  in  front.  Under  these  circumstances,  an  explanation  of  the 
reasons  for  not  crowding  the  men  together  wiU  undoubtedly  satisfy  the  officer 
in  command  that  he  is  sacrificing  comfort,  convenience,  and  efficiency,  to  a 
false  notion  of  order  and  neatness. 

In  the  Crimea,  many  officers  dug  out  the  interior  of  their  tents,  leaving  a 
small  pillar  of  earth  to  support  the  pole ;  a  ledge  of  about  9  inches  m  width 
was  also  left  all  round  the  outside  to  serve  as  a  shelf ;  a  great  deal  of  comfort 
and  shelter  was  thus  given  in  cold  winds,  but  it  would  be  weU  to  go  to  as 
little  depth  as  possible  unless  the  soil  is  dry. 

Points  to  he  attended  to  in  the  Erection  and  Conservancy  of  Camps. 
J)ia  a  trench  round  each  tent,  4  inches  deep,  and  the  width  of  the  spade, 
and  ?arry  it  into  a  good  surface  drain  running  in  front  of  the  tents,  with  a 
nroner  faU.   Place  the  tent  on  the  ground  and  do  not  excavate,  or  to  a  slight 
extent :  in  a  camp  of  position,  the  tents  can  sometimes  be  raised  on  a  wall 

instructed  of  stones,  oi  even  earth,  if  this  can  be  plastered  over.  Wheneve 
possible,  let  the  floor  of  the  tent  be  boarded,  the  boards  being  loo^^;  ^^^i  ^^^^ 
to  be  removed.    If  there  are  materials,  make  a  framework  elevated  a  le  v 

nches  from  the  ground  to  carry  the  boards.    If  boards  cannot  be  obtained 
canvas  or  waterp?oof  sheets  should  be  used;  whatever  is  used,  take  care  that 
nothSg  co'lects'below,  and  move  both  boards  -d  canvas  ^.quen  ly^ 
to  this  and  scrape  the  earth  if  it  is  at  all  impregnated.    If  straw  is  u.ed  cr 
bedding,  get  the  men  to  use  it  carefully;  topla^epegs  of  wood  or  stoneymd 

1  MeasuremeniT^Ti^fe^axnp's^sually  nmde  in  paces  :  6  paces=5  yards  ;  other 

camps  are  measured  in  yards.  ,    reader  is  referred  to  the  hisMic- 

2  For  numerous  plates  of  camps,  tents,  kitchens,  liands  of  every 
Hons  and  Regulations  for  Encainvmenis,  price  6d.,  which  ought  to  be  in  tue  nana 

officer. 
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make  ropes  of  straw  running  from  peg  to  peg,  so  that  each  man  may  keep  his 
own  place  neat ;  or  to  make  mats  of  straw  of  a  triangular  shape,  and  3  or  4 
inches  thick.  Take  care  that  the  straw  is  kept  dry,  and  never  allow  the  men 
to  use  green  foliage,  or  any  damp  substance.  Have  the  sides  of  the  tent 
thoroughly  raised  during  the  day,  and  even  at  night,  to  leeward.  Whenever 
practicable  (twice  a  Aveek  if  it  can  be  done),  the  tents  should  be  struck,  the 
boards  taken  up,  the  surface  well  cleaned,  the  worst  part  of  the  straw 
removed  and  burnt. 

In  a  camp  of  position  dry  paths  should  be  constructed  between  the  different 
roads ;  latrines  should  be  dug  in  rear  of  the  stables,  and  not  too  near  the 
kitchen^  and  en  echelon  with  the  camp ;  for  a  standing  camp  each  latrine 
should  be  a  trench  20  to  50  feet  long,  according  to  the  size  of  the  camp,  10 
deep  and  2  wide  at  the  top,  and  3  at  the  bottom.  The  earth  thrown  out 
should  be  arranged  on  three  sides.  It  should  be  screened  by  branches  of  trees, 
and  several  inches  of  earth  should  be  thrown  in  every  day.^  When  4  feet  from 
the  surface,  it  should  be  filled  in  and  another  dug,  the  earth  of  the  old  one 
being  raised  like  a  mound  to  mark  the  spot.  Close  to  it  an  urinal  should  be 
constructed,  of  a  sloping  channel  paved  as  well  as  can  be,  and  leading  into 
the  latrines,  or  of  a  tub  which  can  be  emptied  into  it,  and,  as  far  as  possible, 
men  should  be  prevented  from  passing  urine  round  their  tents.  In  camps 
for  a  few  days  a  trench  12  paces  long,  2  feet  deep,  2  feet  wide  at  to23  and  1 
foot  at  bottom,  is  sufficient. 

A  corps  of  scavengers  should  be  immediately  organised  to  clean  away  all 
surface  filth,  and  to  attend  to  the  latrines  and  urinals.  All  refuse  must  be 
completely  removed ;  it  is  a  good  plan  to  burn  it.  Both  in  peace  and  war, 
encamping  ground  should  be  often  changed,  and  an  old  camp  should  never 
be  re-occupied. 

In  addition  to  tents,  the  men  may  be  taught,  if  possible,  to  house  them- 
selves. Huts  of  wattle  should  be  run  up,  or  wooden  sheds  of  some  kind.  In 
war,  men  soon  learn  to  house  themselves.  Luscombe  gives  the  following 
account  of  the  huts  in  the  Peninsula  : — 

"  A  cork  tree  or  evergreen  oak  with  wide-spreading  branches  was  chosen,  a 
lower  branch  was  nearly  cut  through,  so  as  to  allow  the  extreme  points  to  drop 
to  the  ground.  Other  branches  were  then  cut  from  adjoining  trees  and  fixed 
in  a  circle  in  the  ground,  through  the  branch,  on  which  their  upper  branches 
rested.  Smaller  branches  were  then  interwoven  to  thicken  the  walls,  and  the 
inside  was  lined  with  the  broom-plant,  which  was  thatched  in.  The  door  of 
the  hut  was  put  due  east,  so  that  the  sun  might  pass  over  it  before  it  reached 
the  horizon." 

This  hut  was  very  cool  during  the  day,  but  very  cold  at  night,  and  thus 
"  very  prejudicial  to  health." 

Lord  Wolseley  states  that  many  English  officers  and  the  Sardinians 
generally,  in  the  Crimea,  made  comfortable  huts  in  the  following  way  :— A 
space  was  dug  out  2^  feet  deep,  and  the  size  of  the  hutj  those  made  to 
contain  6  Sardinian  soldiers  were  14  feet  3  inches  long,  and  7  feet  1  inch 
wide  u)  the  clear.  Gables  were  then  built  of  mud  or  stone,  or  made  of  boards 
or  wattle  and  daub  ;  the  gables  were  2  feet  wider  than  the  excavation,  so  as 
to  form  a  shelf  all  round  ;  a  door  was  in  one  and  a  window  in  the  other. 
The  fireplace  was  made  of  brick  or  mud,  or  simply  cut  out  of  the  face  of  the 
earth  m  one  of  the  side  walls,  a  flue  being  bored  in  a  slanting  direction  so 
as  to  come  out  clear  of  the  roof,  and  being  provided  with  a  chimney  2  feet 
m  height.    The  pitch  of  the  roofs  should  be  at  an  angle  of  45°.  2 

^  The  Regulations  direct  2  or  3  inches  of  earth.  ~ 
Drawings  of  various  kinds  of  huts  and  bivouacs  are  given  in  the  Itegulaiions,  op.  cit. 
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Underground  liuts  are  sometimes  used  in  camps ; 


they  are,  however, 

dangerous  ;  they  are  often  damp,  and  are  difficult  of  ventilation.  In  cold, 
dry  countries,  however,  they  are  warm,  and  the  Turks  have  constantly  used 
them  in  campaigns  in  winter  on  the  Danube.  They  have,  however,  frequently 
suffered  from  typhus.  If  used,  there  should  he  two  openings  besides  the 
chimney,  so  as  to  allow  a  current  of  air ;  and  a  spot  should  be  chosen  where 
it  is  least  likely  water  will  gravitate.  But  underground  huts  are  always  to 
be  discouraged  if  any  substitutes  can  be  found.  Sometimes  the  side  of  a  hill 
is  cut  into,  and  the  open  top  covered  with  boards  and  earth.  This  is  as  bad 
as  an  underground  hut. 


Hospital  Encampment. 

When  marquees  are  available,  and  a  good  piece  of  ground  can  be  selected, 
the  best  plan  is  to  arrange  the  marquees  in  the  form  of  a  triangle.  The  figure 
shows  the  plan  proposed  by  the  late  Surgeon-Major  Moffitt,  who  paid  great 
attention  to  this  point.    In  the  plan  9  marquees  are  arranged,  but  3,  5,  7,  or 


Hospital  Encampment  of  9  Marquees  and  14  Tents. 


^.  

lo  WAGONS 

|>   IISIE. 


116 


WAGONS 

CFUIJ 


'latrine  ^ 


/  '  N't* 


__2f__^__2f  


!5l 


\ 


■to 

r 


36 


,9/ 


I 


-1 


36 


48 


8  


4-8 


^-1 


10 


96 


I 

MEN,  OFFICES,!  AND  STORES, 
vol 

 ©-:k-e— ©— •  

I         I         >         '  ' 
r8"''i~8~l4'4!~'8~!'"8  I 
 OFFICERS  


COOKIN 
I 


it 


.-  —  \—t 


Measurements  are  in  paces  to  centre  poles  of  inai;quees. 
Total  depth,  116  paces.    Total  length  of  fi'ont,  116  paces. 

Fig.  103. 

a  larger  number  than  9,  maybe  equally  well  placed  i^ntbe  J^^^^^ 
is  goSd  exposure  to  air,  and  convenience  in  admmistration  The  Keguton 
plani  is  rather  different,  groups  of  12  tents  bemg  arranged  m  lines,  5,  4  and  6, 
so  as  to  alternate  in  position. 


1  A 


rmy  Medical  Regulations,  1878,  Appendix, 


p.  m. 
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SECTION  II. 

THE  FOOD  OF  THE  SOLDIER— ARMY  REGULATIONS. 

The  Army  Medical  Regulations  place  the  food  both  of  the  healthy  and  sick 
soldier  under  the  control  of  the  medical  officer.  Ho  is  directed  to  ascertain 
that  the  rations  of  the  healthy  men  are  good,  and  that  the  cooking  is  properly 
performed  ;  the  amount  of  food  for  the  sick  is  expressly  fixed.  On  taking 
the  field,  tlae  principal  medical  officer  is  ordered  to  advise  on  the  subject  of 
rations,  as  well  as  on  all  other  points  affecting  the  health  of  the  troops.  It 
will  thus  be  seen  that  a  great  responsibility  has  been  thrown  on  the  Medical 
Department,  and  that  its  members  will  be  called  upon  to  give  oj^inions  on  the 
quantity  of  all  kinds  of  food  supplied  to  soldiers  ;  on  the  composition  of  diet; 
on  the  quality  and  adulteration  of  the  different  articles  ;  and  on  their  cooking 
and  preparation. 

In  the  case  of  soldiers  and  sailors,  definite  quantities  or  rations  of  food 
must  be  given.  It  is,  of  course,  impossible  to  fix  a  ration  which  shall  suit  all 
persons.  Some  will  eat  more,  some  less,  but  certainly  every  scale  of  rations 
should  err  on  the  side  of  excess  rather  than  defect. 

The  following  are  the  rations  of  the  chief  European  armies  : — 

English  Soldier  on  Home  Service. 

The  English  soldier  receives  from  Government  1  fi)  of  bread,  and  f-  lb  of 
meat,  and  buys  additional  bread,  vegetables,  milk,  and  groceries.  The  follow- 
ing table  shows  his  usual  food  : — 


Nutritive  Value  in  Ounces  {avoir'.)  and  Tenths  of  Ounces. 


Articles. 

Quantity  taken  daily 
in  oz.  and  tenths 
of  oz. 

Water. 

Nitro- 
genous 
Sub- 
stances. 

Fat. 

Carbo- 
hydrates. 

Salts. 

Total 
Water- 
free 
Food. 

12 

oz.  ) 

Meat,    .       .       .  1 

(of  which 

ith 

7-20 

1-44 

0-81 

•15 

2-40 

Bread,  , 

is  bone). 

24 

oz. 

9-60 

1-92 

0-36 

11-81 

•31 

14^40 

Potatoes, 

16 

11-84 

0-32 

0-02 

3-36 

•02 

3-721 

Other  vegetables,'-^ . 

8 

7-28 

0-14 

0-04 

0-46 

•06 

0^701 

Milk,  . 

3-25- 

2-82 

0-13 

0-12 

0-16 

-02 

0^43 

Sugar,  . 

1-33 

0-04 

1-29 

•00 

1^29 

Salt,  . 

0-25 

•25 

0-25 

Coffee,  . 

0-33 

Tea,  . 

0-16 

Total  Quantity, 

65-32 

oz. 

38-78 

3-95 

1-35 

17-08 

•81 

23-19 

Calculating  this  by  the  tables  given  at  page  202,  it  would  give- 


Mtrogen, 

Carbon  in  albuminates,  . 
Carbon  in  fats. 
Carbon  in  carbo-hydrates, 
Hydrogen  in  albuminates. 
Hydrogen  in  fats. 
Sulphur  in  albuminates,  . 


837  ) 

454  • 
3297  j 
51  t 
65  j 


Grains. 

272 
4588 


116 
32 


1  « 


Some  indigestible  cellulose  not  reckoned. 


2  Taken  as  cabbage. 
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The  quantity  of  nitrogen  is  considerably  below  that  of  the  standard  diet, 
while  the  amount  of  carbon  is  nearly  correct,  only  this  is  given  chiefly  in  the 
form  of  carbo-hydrates,  and  not  as  fat.  The  diet  would  be  improved  by  the 
addition  of  more  meat  or  of  cheese,  and  by  the  addition  of  butter  or  of  oil 
So  also,  while  fresh  succulent  vegetables  are  sufficient,  the  use  of  peas  and 
beans,  as  in  the  French  army,  would  be  very  desirable.^ 

Using  the  table  at  p.  205,  and  taking  the  bread  -Jth  crust  and  |-ths 
crumb  and  the  "  other  vegetables  "  as  cabbage,  the  total  energy  obtainable  in 
the  body  from  the  soldier's  daily  diet  appears  to  be  equal  to  lifting  3542  tons 
one  foot.  The  amount  for  the  internal  and  external  mechanical  work  of  the 
body  being  taken  at  600  tons  lifted  a  foot,  there  remain  2942  tons  for  the 
animal  heat  and  all  the  other  processes. 

The  accessory  foods  are  rather  deficient  in  the  soldier's  food,  and  vinegar 
especially  should  be  used.  Eobert  Jackson  very  justly  insisted  on  the 
importance  of  vinegar  as  a  digestive  agent  and  Havourer,  as  well,  no  doubt, 
as  an  anti-scorbutic.  He  remarks  on  the  great  use  of  vinegar  made  by  the 
Eomans,  and  possibly  the  comparative  exemption  which  they  had  from 
scurvy  was  due  to  this. 

The  diet  of  the  soldier  on  foreign  stations  is  stated  under  the  several 
headings  when  it  differs  materially  from  that  of  home  service,  and  the 
alterations  in  the  diet  which  should  be  made  under  circumstances  of  great 
exertions  are  given  in  the  proper  chapter. 

In  the  time  of  Edward  VI.  the  English  soldier's  rations  dunng  war  were— 
meat  2      bread  1  lb,  wine  1  pint  (Froude).  , ,  ,    ^    -,  ^ 

m  scale  of  diet  is  laid  down  for  war,  and  probably  it  would  be  faxed  at  the 
time  and  in  view  of  the  possible  character  of  the  campaign.  The  war  scale 
should  be  very  liberal,  and  every  article  ought  to  be  issued  by  the  Supply 
Department.  It  would  be  probably  a  good  plan  to  have  the  supply  under 
two  headings,  the  "usual"  and  the  "extra"  articles,  the  latter  being  intended 
for  special  occasions,  such  as  forced  marches,  rapid  movements  far  from  ^the 
base  of  supplies,  &c.  The  usual  ration  ought  not  to  contain  less  than  6(0  to 
400  grains  of  nitrogen.  The  following  is  suggested  as  a  liberal  and  varied 
war  ration,  which  could  be  easily  supplied  under  ordmary  cases  i-Bread 
U  lb  •  fresh  meat  (without  bone),  1  S) ;  peas  or  beans,  3  ounces ;  potatoes  and 
o-?een  vegetables,  1  lb;  cheese,  2  ounces;  sugar,  2  ounces  3  salt  |  ounce,- 
Sepper,  4  ounce  ;  ground  coffee,  1  ounce ;  tea,  J  ounce ;  red  wme,  10  ounces 
or  beer  20  ounces.  Ko  spirit  ration  to  be  given,  except  imder  order  from  the 
generals  of  divisions.  The  nutritive  value  of  this  diet  is  about  380  grains  of 
nitrogen  and  5000  of  carbon. ^ 

The  "  extra  "  articles  would  be  kept  in  readiness  by  the  Supply  Department 
for  occasional  issue,  viz.,  salt  ^-^at,  Australian  meat,  CM^^^^^^^^ 
(such  as  HassaU's  or  M'Call's,  or  the  best  market  article  of  the  kind),  Liebig  s 
rXact  of  meat,  pea  and  beef  sausages,  biscuits  flour,  meat  biscuits,  rice,  hme 
juice,  preserved  vegetables,  brandy  or  rum,  and  vinegar.  

deficient,  -p-f^^  j^^^^^ 

also  from  evidence.  Tlie  late  Director-General  S  r  //^^  f^^^'^J^  in  h^Xort  on  the  recruit- 
authorities  tl.c  desii-ability  of  uicreasing  the  ration  of  "^.^^MJJ^^  s^l^iers  showed  that 
ing  of  the  army  the  same  pomt  ^^as  l^rougM  ^^^^  thS  the  soldiers,  many  of  whom 
the  recruits  and  young  J^^^*  f  Z'o  had  injured  their  digestive  powers  by  so 
had  been  long  accustomed  to  take  through,  the  ration,  especially 
doing,  took  less  food.  There  is  no  doubt  that,  ^^^AW,.  ^ohlier^^  by  F.  de  Chaumont, 
of  meat,  is  not  enough.  For  ftirther  remarks,  see  The  boldiei  s  Kation,  oy 
Sanitary  Record,  Feb.  b,  1S76.             ,   ■,      ^  4.„  „f  ,^r.tnoeiiim  and  nerhaps  a  little  citrate 

2  It  may  be  suggested  that  chloride  and  phosphate  of  potassium,  ana  pernaps 

of  iron,  might  be  added  to  the  common  salt.  iop+„vp  iw  F  de  Chaumont,  Journal  of\ 

3  For  further  remarks  see  "Mijitary  Hygiene,'  a  lectuie  by  l.  uc  ^naui      ,  | 

the  United  Service  Institution,  1870. 
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This  plan  supposes  that  the  "usual  "  scale  of  diet  would  be  issued  to  the 
troops,  and  the  "  extra  "  articles  under  certain  conditions,  and  under  order  of 
the  general  of  the  division. 

Bread  (which  should  be  well-baked)  should  be  issued  as  long  as  possible  ;i 
and  if  biscuit  is  issued  for  more  than  a  week,  flour  or  rice  should  be  added  to 
it.  When  salt  meat  is  issued  for  several  days  in  succession,  vinegar  should 
be  given  with  it.  If  no  vegetables  can  be  obtained,  lime  juice  should  be 
early  had  recourse  to. 

The  usual  alcoholic  ration  of  the  troops  should  be  beer  or  wine,  instead  of 
spirits.  As  all  the  continental  armies  issue  wine  rations  in  war,  there  can  be 
no  difficulty  on  the  score  of  transport ;  and  even  with  beer,  though  twice  as 
bulky  as  wine,  it  is  believed  that  it  could  be  in  most  cases  supplied. 

But  the  issue  of  red  wine  instead  of  spirits  is  strongly  urged. 

For  rapid  expeditions,  when  transport  has  to  be  reduced  to  the  minimum,  the 
use  of  concentrated  and  cooked  foods  is  all-important.  The  men  can  carry 
enough  for  seven  or  eight  days,  and  are  then  independent  of  all  base  of 
supply. 

Pea  and  flour  sausages,  meat  biscuits,  and  dried  meat,  are  the  best  to  use ; 
and  the  issue  of  cheese  and  bacon  fat,  if  it  can  be  obtained  with  these,  gives 
a  diet  which  is  fairly  nutritious  and  not  disagreeable.  The  following  would 
be  the  weight  of  food  which  would  last  a  man  for  a  week,  and  render  him 
independent  of  the  Commissariat  during  that  time  :— Biscuit,  2  S)  •  pea  or 
flour  meat  sausage,  4  K, ;  dried  meat,  2  1, ;  sugar,  f  R, ;  tea,  ^  ft, ;  cheese,  1 

;--total,  10  a.  That  is  to  say,  a  weight  of  10  lb,  which  would  be  lessening 
<lay  by  day,  would,  if  properly  used  by  the  men,  carry  them  through  a 
weeks  Jaboiu',  and  although,  of  course,  a  meagre  diet,  would  yet  enable  them 
to  do  their  work. 

The  extract  of  meat,  as  an  extra  ration,  is  intended  for  another  puniose 
tL  folio W--°'^*'''^  ^"""^  ^^^^  ^"""^  ^P^'^'^^  cases,  such  as 

+1.  \  exjDected  the  army,  after  a  rapid  march,  will  meet  the  enemy,  and 
that  there  wi  1  be  no  time  for  preparing  food.  A  small  quantity  of  Li^bi^'s 
extract  merely  mixed  with  3  or  4  ounces  of  red  wine,  wiU  restore  strength  in 
a  wonderful  way  ;  no  cooking  is  required,  and  ten  minutes'  time  will  sSpplv 
a  wliole  regiment.  j 

.  \  .The  force  meets  heavy  weather,  and  every  man  is  drenched.  The  issue 
of  Liebig's  extract,  made  into  hot  soup,  and  with  wine  added,  will  have  a 
very  great  cfi-ect  m  preventing  bad  consequences 

bebo^tirw  "^T'^'  ^  ^"^y  ^^'i  ^0  fires  can 

t^3  th?li     r  r^i.  ^"^^i^  extract  in  small  tins  should  be  distributed 
to  the  men,  who  should  spread  it  on  their  biscuits 

the  field  and  tv^  ^ ^.5'''^'^''"^        ^^'^^"^^^^        ^""^       ^e  carried  about 
It  wnn^H  fclie  men  who  cannot  be  brought  into  the  hospital. 

..uantTt^rs  so'tw"^'''''        ^7'^^'  'f'^'^  ^^^^"^^      '''''  ^^^l^ing  small 
luantities^jo  that  one  pot  may  be  issued  to  ten  or  twenty  men. 

the  following  i,lan  :  -Take  a  barrel  (with  iron  h?mis  if  ossib  e^^  n  ort'  on/  fl  f 


the  bottom  of  the  baml    iPh  a  lire     tht  UvvT Z'?^        r  f f  ^^^Hfk^eaded  mud 
the  Ked  River  Expedition,  and  answered  admirably.  ^'"'^  '"^""•'^  ™  "sed  in 
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The  strength  and  use  will  require  to  be  explained. 

In  war  the  supply  of  food  is  often  difficult,  but  as  an  army  "hghts  on  its 
belly,"  the  importance  of  food  at  critical  movements  cannot  overrated 
The  uncertainty  of  the  time  of  supply,  and  the  difficulty  of  cookmg  often 
cause  the  men  to  be  without  food  for  so  many  hours 
..reatly  •  and  some  actions  have  been  lost,  others  have  remamed  without  good 
S   from  this  cause.    This  can  only  be  avoided  by  regimental  transport 
StndeuSd  and  ready-cooked  food,  which  may  be  used  o-uch  eme^^^^^^^^^^^^^ 
•ind  civen  in  addition  to  the  usual  rations  issued  by  the  Supply  departments, 
m  Se^of  a  regiment  would  then  always  be  sure  that 
of  keemncT  up  the  strength  and  vigour  of  his  men.    The  (iermans  are  now 
?rvin'  a  Dlan  of  cooking,  which  is  intended  to  obviate  one  difficulty  on  the 
ma  ch?   A  vTennese  engineer  (Herr  Beuerle)  has  altered  Papin's  diges  er  m 
Teh  a  M^as  to  make  it\  convenient  cooking  utensil,  and  it  is  now  m  use  m 
Te  Austrian  ambulances.    It  is  a  doubly  conic  iron  pot  covei^d  wi  h  a  ^^^^^ 
nnrl  canable  of  standing  the  pressure  of  five  atmospheres;  the  lid  istastenea 
Tv  screws  and  a  layer1)f  felt  or  india-rubber  is  between  it  and  the  rim  of  th 
St  so  Is  to  exclude  air  ;  in  the  lid  is  a  ventilating  opening,  weighted  to  2  5  lb 
Fa  UtHan  -  3  1  m  English),  so  that  it  opens  when  the  pressure  exceeds  one 

tm  The  meat,  silt,  vegetables,'  &c.,  are  put  into  this  »  and 

an  hour  and  a  half  the  soup  is  «»<ly-  Tde  for  cooltog  potatoes,  &c. 

now  used  in  the  army,  but  is  simplei 

riV;tt™™  roXtgo::  and  at  the  end  of  the  march  the  soup  is 

usually  found  to  be  ready.^ 

Rations  of  the  Trench  Soldier.  =^ 
In  time  of  Peace. 

*  i«7^  +>,P  anvernment  furnishes  the  meat  for 
Under  the  Eegulations  °    l^^^' f^^^^^^^^^^^^^^^^  „,arket  price.    This  has 
the  soldiers'  rations  at  about  35  per  cent,  una  ^^J^^^^,,^,^^,  bread 

proved  a  great  advantage  or  the  ^^^\2^{pai.^  de  soupe),  as  well  as 
Ipam  de  mainUen)        /^^J;^^  \t  Ws  of  t^^  common  fund 

other  articles,  are  bougat  from  ^'l'^  ™^  the  soldier  pays  43  centimes 

iu  the  scale  of  diet  since  18/4  ;  the  neN\  scale  h 
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is  51,  out  of  a  total  of  58.  The  remaining  5  or  7  centimes  lie  receives 
in  cash. 

Infantry  of  the  Line?- 


Munition  bread, 
White  bread  for  soup 
Meat  {uncooked), 
Vegetables  (green), 
„  (dried), 

Salt, 


Pepper, 


Total, 


Grammes. 

Ounces  avoii*. 

750 

26-4 

250 

8-8 

300  2 

10-6 

100 

3-5 

30 

M 

15 

0-5 

2 

r  0-073 

1  =31  grains. 

1447 

.  51-00 

If  biscuit  is  issued  550  grammes  (or  19-4  ounces)  are  given  in  place  of 
?7  oz  '^  ol:^         IS  used,  250  grammes  (8-8  ounces)  a're  issued,  or  200 

Analysed  by  the  table  for  calculating  diets,  and  deductincr  20  ner  cent  frnn 


!                  '  '  ~  

■ 

Water. 

Albumi- 
nates. 

Fats. 

Carbo- 
hydrates. 

Salts. 

Water- 
free 
Food. 

Meat,  

Bread,  .....'* 
Vegetables  (taken  as  cabbage),'  ! 
Vegetables  dried  (as  peas). 
Salt, 

Total, 

6-30 
14-15 
3-19 
0-16 

1-  26 

2-  82 
0-01 
0-24 

0-70 
Q-53 
0-00 
0-02 

17-25 
0-21 
0-58 

0-13 
0-45 
0-02 
0-02 
0-50 

2-09 
21-05- 
0-24 
0-86 
0-50 

23-80 

4-33 

1-25 

18-04 

1-12 

24-74 

of        and  15  of  salt  are  issued,  and  on  the  Ztlt:::^^^^^ 

In  time  of  War  (Morache). 


Meat  (without  bone), 
Bread,  . 
Or  Biscuit,  . 
Dried  Vegetables, 

Salt,  r  , 

Sugar,  . 
Coffee,  . 


Total, 


Total. 

Water. 

8-40 

6-3 

35-30 

14-1 

(26-60) 

2-12 

0-50 

0-70 

0-60 

46-82 

20-4 

Albumi- 
nates. 


1-  26 

2-  82 

o'-50 


Fats. 


4-58 


0-70 
0-53 


1-23 


,jy  irjuuiuiie,  iraiie  a 
240  without  bone  =  8 -4  ounces. 


Carbo- 

Salts. 

Water- 

hydrates. 

free 

Food. 

17-25 

0-13 

2-09 

0-45 

21-05 

i-.50 

o'-'65 

2  "-06 

6-70 

0-50 

0-50 

18-75 

1-13 

25-69 

re,  1874. 

2  N 


562 


CONDITIONS  OF  SERVICE. 


The  sugar  and  coffee  are  sometimes  replaced  by  25  centilitres  (9  ounces)  of 
wine,  or  6^  centilitres  (2-2  ounces)  of  brandy. 


German  Soldier.^ 

The  soldier  eceives  his  pay  every  ten  days,  i.e.,  three  tunes  a  month ; 
it  amounts  to  three  thalers  (or  9  shiUings  English)  per  month,2  or  3  silber- 
groschen  ( =  3^  pence  nearly)  a  day.  Out  of  this  he  has  to  defray  the  cost 
of  a  warm  dinner  {menage)  at  the  rate  of  IJ  silbergroschen  (  =  1|  penny); 
and  he  also  receives  a  mess  contribution,  varying  according  to  the  market 

prices  of  food.^  j  i 

The  rations  in  time  of  peace  are  divided  into  the  smaller  and  the  larger 

victualling  rations. 


Bread,  .... 

Meat  (raw),  . 

Eice,  .... 

Or  unhusked  Barley  (Groats), 

Or  Peas  or  Beans,  . 

Or  Potatoes,'' 

Salt,     .       .       .  • 

Coffee,  .       .       •  • 


These  would  furnish  in  their  best  form  about  the  foUowing  (oz.  avou-.) : 


Smaller  Ration, 
in  ounces  avoir. 

26-50 
6-00 

3-  20 

4-  21 
8-22 

53-08 
0-87 
0-468 


Larger  Ration  for  Marches.&c, 

as  supplied  from  the 
MilitaryStores,  in  ounces  avoir. 

26-50 
8-82 

4-  22 

5-  28 
10-60 
70-5 

0-87 
0-468 


Kind  of  Ration. 

Albumi- 
nates. 

Fat. 

Carbo- 
hydrates. 

Salts. 

Total 
Water- 
free. 

Smaller  Kation, . 
Larger  Ration,  . 

4-  8 

5-  7 

1-1 
1-4 

17-  4 

18-  6 

1-5 
1-6 

24-8 
27-3 

Troops,  when  travelling  on  railway  or  on  steamers,  ^^^^^^^.^^^^^^^^^^^^^^^ 
pay  of  21  silbergroschen  ( =  3  pence)  per  man  for 
travelling  last  longer  than  16  hours,  the  additional  pay  is  doubled 

In^ne  oH^ar.-The  supply  of  rations  for  the  Germans  during  the  Franco- 

^~;ih:  '^^^^O^^^^l  the  men  were  billeted,  and  money  was 

paid  for  their  food. 

9   Simnlies  were  drawn  from  the  magazines.  ^ 

I  Sues  were  obtained  by  requisition  when  the  troops  entered  France. 

m  pSc^^Stfect  was  the  lU  uncei^inty  and  irreg.Ua„ty  of 


■  From  mtormation  furnished  by  Dr.  Kotl.,  ot  tte  Prua.ian  Amy  (now  Surgeo-Geneml. 
Saxon  Ai-my).  ,     •         wlnrli  have  encaged  themselves  to  serve  a  longer  term  of 

""Ti-rc^S  rSb^imi'SpinSrSes  ™anen>otatoes  tl,a„  t.,e  E„gl,s„ 

are  served  out,  occasioning  still  more  waste. 
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the  supplies;  some  corps  received  too  much,  others  too  little,  and  the 
hospitals  especially,  which  had  not  men  to  send  out  to  get  supplies,  were  par- 
ticularly badly  off.    The  quality  of  the  food  was  also  often  bad ;  so  that,  as- 
far  as  the  health  of  the  troops  is  concerned,  the  system  of  supplies  by  requisi- 
tion should  be  as  little  used  as  possible.    It  must  be  noted,  however,  here 
that  the  Germans  did  not  pay  ready  money,  which  might,  perhaps,'  have 
attracted  better  supplies  than  the  system  of  written  vouchers.    The  magazine 
supplies  were  excellent,  but  occasionally  failed  in  certain  articles,  as°fresh 
meat,^as  a  substitute  for  which  the  celebrated  pea-sausage  was  issued.    But  it 
was  found  that  if  the  pea-sausage  was  used  too  exclusively,  the  men  disliked 
it.    In  fact,  one  of  the  greatest  difficulties  was  the  too  great  uniformity  of 
the  food.    To  do  away  with  this,  bacon,  preserved  and  smoked  meat,  peas  and 
white  beans,  and  potatoes,  when  possible,  were  issued  as  a  change  of  diet. 
Independent  of  these  extra  issues,  the  daHy  German  ration  was  as  follows,  in 
liJiglish  weights : — 

Bread,      .    26^  ounces,  or  biscuit,  17  ounces. 


One  (  Fresh  or  salt  meat, 

of   <  Salted  beef  or  mutton, 
these  ( Bacon, 
Rice, 

One  (  Barley  or  groats, 
of      Peas  or  beans,  . 
these  (  Flour, 

Potatoes,  . 

Salt, 

Coffee, 


13 

9   ounces,  or 
5f  ounces. 
4-4 

4-4  „ 
8-8  „ 

8-8  „ 
3-3  lb 

•7  ounce. 

•7  oimce  of  unroasted,  or 
1  ounce  of  roasted. 

nf  knowledge  of  cooking  was  very  great,  and  also  the  addition 

oi  aiticles  to  give  flavour,  as  vinegar  and  spices,  would  have  been  much  prized 
atl7dSh~'^       estabhshment  of  a  school  for  cooking",  like 

mouMy!"''''^'  "'"'''^  *°        ^'""^  ™  sometimes 

Austrian  Soldier,  i 

suet  O-'r  fl{f  7'  receives-bread,  31  oz.  avoir.;  meat  (without  bone),  6-6  ; 

l!r  vegetables  m  heu),  2-5  ;  salt,  0-6.    To  this  are  added  a 

httle  garlic,  onions,  and  vinegar.    These  give  about— 


Albumi- 
nates. 

Fat. 

Carbo- 
hydrates. 

Salts. 

Water- 
free 
Food. 

In  time  of  peace, 

In  time  of  war  2  (mean),  . 

3-  7 

4-  5 

1-6 
3-2 

17-0 

22-8 

1-0 
1-0 

23-3 
31-5 

tn.      r  .     1''''^^®  same  as  our  own  •  therp  is 

00  great  a  preponderance  of  bread,  and  there  is  too  great  sa^en^ss  Th' 
fat  IS  m  too  small  a  quantity;  the  nitrogenous  substances  are  t^ sSal] 
Jn  ume  of  PFa..-It  is  diffi^o  calculate  the  daily  ration,  asTere  is  a 

^  Ki-aus,  quoted  by  Roth. 

2  Meinert,  Armr.e  unci  Volks-Ernahmng,  Berlin,  1880. 
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weekly  issue  of  many  substances ;  the  above  figures  are  a  mean  taken  from 
those  cited  by  Meinert,  On  four  days,  fresh  pork  is  issued  ;  the  total  amount 
being  26  oz.,  or  6^  oz.  daily.  On  one  day,  6  oz.  of  salt  pork ;  on  one  day, 
6  oz.  of  beef ;  and  on  one  day,  6  oz  of  smoked  bacon ;  altogether  in  the  week, 
44  oz.  of  meat  are  issued ;  and  in  addition,  1  oz.  of  butter  or  fat. 

There  are  also  issued  per  week  :— 24^  oz.  of  biscuit,  147  oz.  of  flour  for 
bread,  29i  oz.  of  flour  for  cooking,  5|  oz.  of  pickled  cabbage  (sour  kraut),  9 
oz.  of  potatoes,  5^  oz.  of  peas,  and  5  oz.  of  barley. 

Wine,  brandy,  and  beer  are  also  given. 

Russian  Soldier.^ 

There  are  196  meat  days  and  169  fast  days  in  the  year.  On  the  meat 
days  meat  is  given  with  schtschi  (cabbage  soup)  and  buckwheat  gruel ;  on 
the  fast  days  the  meat  is  replaced  by  peas  and  (occasionally)  fish.  42  oz. 
avoir,  of  rye  bread  are  issued  daily.  This  is  large,  but  it  is  probably  watery. 
Meinert^  calculates  the  nutrition  value  as  follows,  oz.  avoir.  : — 


Albuminates. 

Fat. 

Carbo- 
hydrates. 

Salts. 

Water-free 
Food. 

5-8 

1-0 

25-0 

2-5 

34-3 

On  the  march.  If  lb  biscuit  (24i  English  oz.)  instead  of  bread.  Brandy 
only  on  rare  occasions,  calculated  at  135  fluid  ounces  per  year  (in  5  oz.  rations). 

Sepoy  Diet.—Bv.  Goodwin  has  calculated  the  diet  of  a  Hindu,  such  as  a 
Sepoy  servant,  to  consist  of  4-387  oz.  of  albuminates;  1-278  oz.  of  fat; 
18-584  oz.  of  carbo-hydrates ;  and  -64  oz.  of  salts— total  water-free  food, 
25-113  oz.  It  is  thus  a  really  better  diet  than  that  of  the  European  soldier. 
The  principal  articles  were— 24  oz.  of  attar  (ground  wheat),  4  oz.  of  dholl 
(pea),  and  1  oz.  of  ghee  (butter).  In  other  cases  rice  is  more  or  less  sub- 
stituted for  wheat.  The  Hindu  diet  consists  of  wheat,  or  of  some  of  the 
millets  (cholum,  ragee,  cumboo-see  Millets),  rice,  legnmmos^  {Cajanus 
indicus),  with  green  vegetables,  oil,  and  spices.  If  any  kind  of  diet  of  this 
sort  has  to  be  calculated,  it  can  be  readily  done  by  means  of  the  analysis  ot 
the  usual  foods  previously  given.  Eor  example,  a  Hindu  prisoner  at  labour 
in  Bengal  receives,  under  Dr.  Mouat's  dietary.^  the  following  diet  during  his 
working  days : — 


Total, 
oz. 

Water, 
oz. 

Album, 
oz. 

Fat. 
oz. 

Starches. 

OK. 

Salt, 
oz. 

Water- 
free 
Food. 

RlCBj  •  •  •  •  • 
Dholl  (a  pea,  Gajanus  indicus). 
Vegetables  (reckoned  as  cabbage), 

Oil,        .       •             •  • 

Salt,  

Spices,  

20 
4-25 
6 

•33 
-33 
•33 

2 

-6 
5-3 

1 

-9 
-1 

•16 
•08 
•03 
•33 

16-64 
2-75 
•34 

•10 
•12 
•04 

•33 

17-9 
3-3 
0-5 
0-3 
0-3 

Total, 

31-24 

7-9 

2-0 

0-60 

19-83 

0-59  j  22-4 

I  /i.tn;i«  nf  thic,  diet  see  Dr  Oscar  Heyfelder's  Tlie  Ritssian  Camp  at  Krasfwe  Sdo, 
GeZlfSnfim,  oAZ  ^akSls  of  theVesent  work,  or  Roth  and  Lex,  oj.  at. 

3  ffe  Mouafs  elaborate  report  0.  tke  Diet  ^/^"J'f^^^'^ 
p.- 49.    The  chittack  is  reckoned  as  the  bazaar  '^^^tt^^^' fffu^^guJ^^  ^ 

May  1877. 
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lu  some  Bengal  prisons,  2  ounces  of  fish,  or  flesh  appear  to  be  also 
given. 

In  the  Looshai  expedition  the  Sepoys  received — rice,  1  lb;  flour,  1  Bc»;  ghee, 
2  oz. ;  salt,  1-5  oz.^  The  nutritive  value,  if  the  ghee  is  calculated  as  butter, 
is  178  grains  of  nitrogen  and  6080  of  carbon,  which,  though  deficient  in 
nitrogen,  would  appear  to  be  a  good  diet  in  respect  of  carbon.  Probably 
some  peas  were  added. 

SECTION  III. 


THE  CLOTHING  OF  THE  SOLDIEE. 

The  structure  and  examination  of  fabrics  have  been  already  given. 
_  Regulations.— 1^0  specific  instructions  are  laid  down  in  the  Medical  Eegula- 
tians  xespecting  clothing,  but  the  spirit  of  the  general  sanitary  rules  necessarily 
includes  this  subject  also.  When  an  army  takes  the  field,  the  Director- 
General  is  directed  to  issue  a  code  for  the  guidance  of  medical  officers,  in 
which  clothing  is  specially  mentioned;  and  the  sanitary  officer  with  the 
force  is  ordered  to  give  advice  in  writing  to  the  commander  of  the  forces,  on 
the  subject  of  clothing  among  other  things. 

Formerly  a  certain  sum,  intended  to  pay  for  the  clothing  of  the  men,  was 
allotted  by  Government  to  the  colonels  of  regiments.    This  was  a  relic  of  the 
old  system  by  which  regiments  were  raised,  viz.,  by  permitting  certain 
persons  to  enlist  men,  and  assigning  to  them  a  sum  of  money  for  all  expenses. 
The  colonel  employed  a  contractor  to  find  the  clothes,  and  received  from  Mm 
the  surplus  of  the  money  after  all  payments  had  been  made.    A  discretionary 
power  rested  with  the  service  officers  of  the  regiment,  who  could  reject 
improper  and  insufficient  clothing,  and  thus  the  interests  of  the  soldier  were 
m  part  protected. 2    The  system  was  evidently  radically  bad  in  principle,  and 
siQce  the  Crimean  war,  the  Government  has  graduaUy  taken  this  department 
into  Its  own  hands,  and  a  large  establishment  has  been  formed  at  Pimlico 
where  the  clothing  for  the  army  is  now  prepared.    This  system  has  worked 
extremely  well;  the  materials  have  been  both  better  and  cheaper,  and  im- 
portant improvements  have  been  and  are  stiU  being  introduced  into  the 
make  of  the  garments,  which  cannot  fail  to  increase  the  comfort  and 
efficiency  of  the  soldier. 

At  the  PimHco  depot  the  greatest  care  is  taken  to  test  aU  the  materials  and 
the  making  up  of  the  articles;  the  viewers  are  skilled  persons,  who  are 
beheved  to  be  m  no  way  under  the  influence  of  contractors. 

in  January  1865  a  warrant  was'issued  containing  the  regulations  for  the 
ciothmg  of  the  army,  and  several  other  warrants  and  circulars  have  since 

^rXTpfJ?  •    ^^7.r        «°^«olidated  in  the  Eegzclations  for  the 
i^ippLy  0}  Clothing  and  Necessaries  to  the  Regular  Forces,  1881  ^vol  ii 
Remsed  Armij  Regidations).  '  ^ 

When  a  soldier  enters  the  army  he  is  suppHed  with  his  kit ;  some  articles 
are  subsequently  supplied  by  Government,' others  he  makes  gooThTrnse^ 
In  the  infantry  of  the  line  a  careful  soldier  can  keep  his  kit  in  good  oX  ai 

I  ^ian  Med.  Gazette,  March  1,  1872. 

.n.pect.d  and  approved  by  less  competent  judges  than  S  wrp^rStae  fofSLtlve^S 
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2  Frocks. 

2  Pairs  of  trousers. 


Qlothing. 

2  Pairs  ankle  boots  (one  each  half 
year). 

1  Forage  cap  and  badge. 


Necessaries. 


2  Flannel  shirts.^ 

3  Pairs  socks  (worsted). 
1  Pair  braces. 

1  Pair  mitts. 
1  Hair  comb. 
1  Knife  (table). 
1  Fork. 
1  Spoon. 

1  Mess  tin  and  cover. 

2  Towels. 

1  Piece  of  soap. 


1  Sponge,  pipeclay. 
1  Razor  and  case. 
1  Hold-all. 
1  Tin  of  blacking. 
1  Blacking  brush, 
1  Brass  brush. 
1  Cloth  brush. 
1  Polishing  brush. 
1  Shaving  brush, 
1  Button  brass. 
1  Kit  bag. 


The  kit  is  divided  2  into  the  surplus  and  the  service  kit.  The  former, 
consisting  of  1  frock,  1  pair  of  socks,  1  shirt,  1  towel  2  brushes  and  such 
articles  for  the  hold-all  as  are  not  wanted,  is  carried  for  the  men.  The  service 
kit  is  supposed  to  be  carried  by  the  man,  either  on  his  person  or  m  his 

^""Ki^i  articles  are  also  issued  free  of  expense  at  stated  inter  valL^ForUi^ 
particulars  of  these,  reference  must  be  made  to  the  ^'91^^^^'"^^^'}^^}^^^^ 
they  are  stated  in  detail.    The  following  are  the  articles  issued  to  the  line 
infantry  soldier  at  home  :  — 


One  helmet  and  bag. 
One  tunic,  . 
One  frock,  . 
One  pair  tweed  trousers. 
One  pair  tweed  trousers. 
Two  pairs  of  boots,  one  on  1st  April  and 

Ist  October, 
One  forage  cap, 
One  silk  sash  for  sergeants,  . 
One  worsted  sash  for  sergeants, 
One  greatcoat. 


one 


on 


Quadrennially. 

Biennially. 

Annually. 

Annually. 

Biennially. 

I  Annually. 

Annually. 
Biennially. 
Biennially. 
Every  five  years. 


and  very  light  cloth     ^he  k^^^^^^^^  certain  occasions,  or  in  certam 

superseding  it.    The  English  ^Iress  is  won  ^^^^^ 

stations.    Formerly  the  home  equipment       ^^^^^^^^^ces  of  costume  for 
but  now  the  dress  is  much  better  arranged,  and  ^^^^^na  ^ToM 
different  places  and  different  times  of  the  y^f^;/;^^^^^^^^^^  In 

During  Campaigns  extra  clothmg  1^?^    ^p.!  man  -^^^ 
the  Crimea  the  extra  clothing  was  as  f olbwsfor^ea^^ 

r  By  a  Circular,  Noven^ber  1865.  flannel  shirts  only  are  ordered  to  be  supplied  to  the  recruit. 
2  qfu£en's  Regulations,  1881,  section  11,  par.  n. 


THE  CLOTHIXG  OJ^'  THE  SOLDIEK. 


567 


2  Jersey  frocks, 

2  Woollen  drawers. 

2  Pairs  woollen  socks. 

2  Pairs  woollen  mitts. 


1  Cholera  belt. 
1  Fur  cap. 
1  Tweed  lined  coat. 
1  Comforter. 


To  each,  regiment  also  a  number  of  sheepskin  coats  was  allowed  for 
sentries. 

The  Regulations  of  1881  orders  the  following  articles  of  clothing  to  be 
issued  to  each  manproceeding  on  active  service  in  cold,  temperate,  or  hot 
climates  : — 

1.  In  cold  climates — 

Sheepskin  coats  (for  100  men),  8 
Fur  caps  (per  man),       .  1 

Woollen  comforters,  „  .  .1 
Jerseys,  blue,  „      .  .1 

Boots,  knee,  brown  leather,  pairs,  1 
Stockings,  woollen,  2 


Drawers,  flannel  (per  man)  pairs,  2 

Cholera  belts,  flannel,  .  „  2 
Mittens,  lined  with  lambskin 

or  fur,       .       .       .       „  1 

Pilot  coats,  each  mounted  man,  1 


2.  In  temperate  climates- 


Cholera  belts,  when  not  included 
in  the  voyage  kit,  . 


Waterproof  capes  (for  100  men),  10 
Watch  coats,  ,  3 


3.  In  tropical  climates — 

White  helmets  (per  man),   1 

Frock  coats,  of  serge  or  tartan,  when  not  supplied  as    ordinary  ) 

clothing  of  these  climates,  r  1 

Cholera  belts,  of  flannel,  when  not  part  of  the  sea  kit,        ..       .  2 

Capes,  waterproof  (for  100  men),  '       *  10 

For  India,  a  drill  frock,  drill  trousers,  and  a  white  cap  cover  are  issued. 

SECTION  IV. 
ARTICLES  OF  CLOTHING. 

1.  Und^clothing,  viz.,  vests,  drawers,  shirts,  stockings,  flannel  belts,  &c. 

The  soldier,  as  a  rule,  wears  as  underclothing  only  a  shirt  and  socks.  He 
is  obliged  to  have  m  his  kit  two  shirts.  There  has  been  much  discussion  as 
to  the  respective  merits  of  cotton  and  flannel  shirts.  Almost  all  medical 
ofticers  prefer  the  latter,  but  theb  cost,  weight,  difficulty  of  cleaning,  and 
shrinking  in  washing,  have  been  objections  to  its  general  adoption.  General 
bir  A.  Herbert  solved  the  difficulty  by  issuing  a  shirt  which  is  partly  wool 
partly  cotton;  it  is  lighter  and  cheaper  than  wool,  as  durable  as  cotton,  and 
does  not  shrink  in  washing.  It  is  of  soft  even  texture,  and  weighs  1 9  ounces 
Under  the  microscope.  Dr.  Parkes  counted  from  45  to  47  per  cent,  of  wool  ' 

in  time  of  war,  shirts  may  be  partiaUy  cleaned  in  this  way :  The  soldier 
siiould  wear  one  and  carry  one  ;  every  night  he  should  change  :  hang  up  the 
one  he  takes  off  to  dry,  and  in  the  morning  beat  it  out  and  shake  it  thoroughly 
In  this  way  much  dirt  is  got  rid  of.  He  should  then  carry  this  shirt  in  hh 
pack  during  the  day,  and  substitute  it  for  the  other  at  night.  If  in  addition 
great  care  is  taken  to  have  washing  parades  as  often  as  possible,  the  difficulty 
of  cleaning  would  be  avoided.  '  ^^^^i^^J 

iml't'in^J'^\Z!r''  the  common  English  flannels  are  much  too  thick  and 
irritating ,  flannel  must  be  exceedingly  fine,  or  what  is  perhaps  better,  merino 
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hosiery,  -whicli  contains  from  20  to  50  per  cent,  of  cotton,  could  be  used. 
The  "best  writers  on  the  hygiene  of  the  tropics  (Chevers,  Jeffreys,  Moore) 
have  all  recommended  flannel. 

The  soldier  wears  no  drawers,  but  in  reality  it  is  just  as  important  to  cover 
the  legs,  thighs,  and  hips  with  flannel  as  the  upper  part  of  the  body. 
Drawers  folding  well  over  the  abdomen  form,  with  the  long  shirt,  a  double 
fold  of  flannel  over  that  important  part,  and  the  necessity  of  cholera  belts  or 
kummerbunds  is  avoided.  Cholera  belts  are  made  of  flannel,  and  fold  twice 
over  the  abdomen. 

The  soldiers'  socks  are  of  worsted ;  they  should  be  well  shrunken  before 
being  fitted  on.  It  has  been  proposed  to  divide  the  toes,  but  this  seems  an 
unnecessary  refinement.  It  has  been  also  proposed  to  do  away  with  stockings 
altogether,  but  with  the  system  of  wearing  shoes,  it  is  difficult  to  keep  the 
feet  perfectly  clean.  The  boots  get  impregnated  with  perspiration.  Some  of 
the  German  troops,  instead  of  stockings,  fold  pieces  of  calico  across  the  foot 
when  marching;  when  carefully  done,  this  is  comfortable,  but  not  really 
better  than  a  good  sock  kept  clean. 

2.  Outer  Garments. — The  clothes  worn  by  the  diff'erent  arms  of  the  service 
and  by  different  regiments  in  the  same  branch,  are  so  numerous  and  diverse, 
that  it  is  impossible  to  describe  them.    In  many  cases  taste,  or  parade,  or 
fantasy  simply,  has  dictated  the  shape  or  the  material.    And  diversities  of 
this  kind  are  especially  noticeable  in  times  of  peace.    ^Vhen  war  comes  with 
its  rude  touch,  everything  which  is  not  useful  disappears.    What  can  be 
easiest  borne,  what  gives  the  most  comfort  and  the  greatest  protection,  is  soon 
found  out.    The  arts  of  the  tailor  and  the  orders  of  the  martinet  are  alike 
disregarded,  and  men  instinctively  return  to  what  is  at  the  same  time  most 
simple  and  most  useful.    It  will  be  admitted  that  the  soldier  intended  for 
war  should  be  always  dressed  as  if  he  were  to  be  called  upon  the  next  moment 
to  take  the  field.    Everything  should  be  as  simple  and  effective  as  possible  ; 
utility,  comfort,  durability,  and  facility  of  repair,  are  the  principles  which 
should  regulate  aU  else.    The  dress  should  never  be  encumbered  by  a  single 
ornament,  or  embarrassed  by  a  single  contrivance  which  has  not  its  use 
Elegant  it  may  be,  and  should  be,  for  the  useful  does  not  exclude  indeed 
often  implies,  the  beautiful,  but  to  the  eye  of  the  soldier  it  can  be  beautiful 
only  when  it  is  effective.! 

Head-Dress.—Tl\iQ  head-dress  is  used  for  protection  against  cold,  wet  heat, 
and  light.  It  must  be  comfortable ;  as  light  as  is  consistent  with  durabihty ; 
not  press  on  the  head,  and  not  to  be  too  close  to  the  hair ;  it  should  permit 
some  movement  of  air  over  the  head,  and  therefore  openings,  not  admitting 
rain  must  be  made;  it  should  present  as  little  surface  as  possible  to  the 
wind,  so  that  in  rapid  movements  it  may  meet  the  least  amount  of  resistance^ 
S  some  cases  it  mist  be  rendered  strong  for  defence;  but  the  conditions  of 
modern  war  are  rendering  this  less  necessary. 

As  it  is  of  great  importance  to  reduce  all  the  dress  of  the  soldier  to  the 
smallest  weight  and  bulk,  it  seems  desirable  to  give  only  one  W-^^^^ 
instead  of  two,  as  at  present.  Eemembering  the  conditions  of  his  life,  h^ 
exposL  and  his  night-work,  the  soldier's  head-dress  should  be  adapted  for 
Srin  as  well  a^s  for  common  day-work.  Another  point  was  brought 
Ki"  by  The  Crimean  war  ;  in  all  articles  of  ^If  W -^^^^^^^^^^ 
production,  lessens  expense,  and  aids  distribution,  if  ^/f^  .^an trv  i 
clothing  for  an  army  are  as  much  alike  as  possible ;  even  for  the  infantry, 

^  La  tenue,  dans  la^uelle  le  .n^oA^e  est  prct  d  rmrcherA  Vennemi,  est  tor^ours  IcUc- 
Vaidy. 


THE  CLOTHING  OF  THE  SOLDIER. 


569 


was  found  difficult  to  keep  up  the  proper  distribution  of  the  different  insignia 
of  regiments. 

Hend-Dress  oftJie  Infantry. — The  present  head-dresses  are  the  bearskin  caps 
for  the  Guards,  a  smaller  and  rather  lower  kind  of  seal-skin  for  Fusiliers, 
the  Highland  bonnets  and  shakoes  for  the  Highland  Eegiments,  and  helmets 
for  the  Artillery,  Engineers,  and  Line,  and  forage  caps  for  all.  The  bear- 
skin weighs  37  ounces;  the  Infantry  helmet,  made  of  cork  and  cloth,  14^ 
ounces.  It  is  for  the  professional  soldier  to  decide  if  the  rapid  movements 
and  the  necessity  of  cover  in  modern  war  are  compatible  with  the  retention 
of  the  bear-skin.  If  not,  no  one  would  wish  to  retain  it  on  sanitary  grounds ; 
it  is  heavy,  hot,  gives  little  shelter  from  rain,  and  opposes  a  large  surface  to 
the  wind. 

The  Glengarry  Scotch  cap,  now  adopted  as  the  forage  cap  of  the  army,  is 
very  soft  and  comfortable,  presses  nowhere  on  the  head,  has  sufficient  height 
above  the  hair,  and  can  be  ventQated  by  openings  if  desired ;  it  cannot  be 
blown  off;  it  can  be  carried  at  the  top  of  the  head  when  desired  in  hot 
weather,  or  pulled  down  completely  over  the  forehead  and  ears  in  cold.  Un- 
fortunately,- either  to  save  cloth  or  from  some  idea  of  smartness,  it  is  now 
being  made  so  small  that  its  advantages  are  imperilled,  as  it  cannot  be  drawn 
down  over  the  head. 

Head-Dress  of  the  Cavalry/.— The  Horse  Artillery  and  Cavaby  carry  helmets 
and  caps  of  different  kinds. 

The  shape  of  the  helmet  in  the  Guards  and  heavy  dragoons  is  excellent 
It  IS  not  top-heavy  ;  offers  little  surface  to  the  wind;  and  has  sufficient  but 
not  excessive  height  above  the  head.  The  material,  however,  is  objectionable, 
ihe  metal  intended  for  defence  makes  the  helmet  very  hot  and  heavy  ;  and 
the  helmet  of  the  Cavalry  of  the  Guard  weighs  55  ounces  avoir. ;  that  of  the 
Dragoon  Guards,  39  ounces  (in  1868).  But  as  every  ounce  of  unnecessary 
weight  IS  additional  unnecessary  work  thrown  on  the  man  and  his  horse  it  is 
very  questionable  whether  more  is  not  lost  than  is  gained  by  the  great  weioht 
caused  by  the  metal.  Leather  is  now  often  substituted  in  some  armies,  where 
the  cavalry  helmets  are  being  made  extremely  light 

rlrit!  ^fTl  "'^^  '''•^^H        ^''^""'^  29f  ounces.    Both  are 

dresses  of  fantasy.  The  Lancer  cap,  except  for  its  weight,  is  the  better  of  the 
two;  IS  more  comfortable;  shades  the  eyes  ;  throws  off  the  rain  better ;  and 
otters  less  resistance  to  moving  air  than  the  Hussar  cap. 

and  neck"     '  ^      ""^^  ^'^^  ^^^^  ^''^  ^^^^ 

In  India,  many  contrivances  have  been  used.  Up  fco  the  year  1842  little 
attention  seems  to  have  been  paid  to  the  head-dress  of  the  infantry,  and  the 
ZueTTr""!^  7w*\'-f  ^TP'"^  «^P«-         1842  Lord  Hardinge 

eZt  nf         R  ^^'"^  ^^^^  «^       ^eck  was  added.  The 

S  4°  to%'  For°Tu'^  temperature  of  the  air  in  the  cap 

TJh.       1        .  ^^^^""''S^  ^  Sre^^  improvement,  it  is  not  sufficient. 

iiamboo  wicker  helmets,  covered  with  cotton  and  provided  with  puggerips 

cheap""  The  '''v'\'  '^'^  P^^  ^^^fand 

h.L,        ,  ^PP^^'  decidedly  inferior  to  the  wicker 

helmets  ;  and  men  have  had  sun-stroke  while  wearing  them 


570 


CONDITIONS  OF  SERVICE. 


In  Algeria,  the  Zouaves,  Spaliis,  and  Tirailleurs  wear  the  red  fez,  covered 
with  a  turban  of  cotton.  In  Cochin-China,  the  French  have  adopted  the 
bamboo  wicker  helmet  of  the  English. 

The  natural  hair  of  the  head  is  a  very  great  protection  against  heat. 
Various  customs  prevail  in  the  East.  Some  nations  shave  the  head,  and 
wear  a  large  turban  ;  others,  Hke  the  Burmese,  wear  the  hair  long,  twist  it 
into  a  knot  at  the  top  of  the  head,  and  face  the  sun  with  scarcely  any  turban. 
The  Chinaman's  tail  is  a  mere  mark  of  conquest.  The  European  in  India 
generally  has  the  hair  cut  short,  on  account  of  cleanliness  and  dust.  A  small 
wet  handkerchief,  or  piece  of  calico,  carried  in  a  cap  with  good  ventilation, 
may  be  used  with  advantage  ;  and  especially  in  a  hot  land-wind  cools  the  head 
greatly. 

Coat,  Tunic,  Shell-Jacket,  (^c— The  varieties  of  the  coat  are  numerous  in 
the  army ;  and  there  are  undress  and  stable  suits  of  different  kinds.  The 
infantry  now  wear  the  tunic,  which  is  a  great  improvement  over  the  old  cut- 
away coatee.    It  is  still,  however,  too  tight,  and  made  too  scanty  over  the 
hips  and  across  the  abdomen.    A  good  tunic  should  have  a  low  collar,  and  be 
loose  round  the  neck.    The  stock  is  now  abolished,  a  tongue  of  leather  being 
substituted  where  the  collar  of  the  tunic  is  hooked  in  front.  The  tunic  should 
also  be  loose  over  the  shoulders  (so  as  to  allow  the  deltoid  and  latissimus  the 
most  unrestricted  play),i  and  across  the  chest.     It  should  come  well  across 
the  abdomen,  so  as  to  guard  it  completely  from  cold  and  rain ;  descendmg 
loosely  over  the  hips,  it  should  fall  as  low  over  the  thighs  as  is  consistent 
with  kneeling  in  rifle  practice,  i.e.,  as  low  as  it  can  fall  without  touching 
the  ground.     Looking  not  only  to  the  comfort  of  the  soldier,  but  to  the 
work  and  force  required  of  him,  it  is  a  great  mistake  to  have  the  tunic 
otherwise  than  exceedingly  loose.   A  loose  tunic,  a  blouse  m  fact,  is  m  reality 
a  more  soldier-like  dress  than  the  tight  garment,  which  every  one  sees  must 
press  upon  and  hinder  the  rapid  action  of  muscles.    The  tumc  should  be 
weU  provided  with  pockets,  not  only  behind,  but  on  the  sides  and  ^  front 
the  pockets  being  internal,  and  made  of  a  very  strong  Immg     In  time  ot 
wal^soldier  hal  many  things  to  carry  ;  food,  extra  ammunition  sometimes 
all  sorts  of  little  comforts,  which  pack  away  easily  m  P^^^ets.    If  he 
appearance  is  objected  to,  they  need  not  be  used  m  time  of  peace ,  but  witli 

a  loose  dress,  they  would  not  be  seen.  ,  -ri  v  ^     tv.o      «bpll  iacket 

A  great  improvement  was  made  by  General  Herbert.    The  old  shell-jacJcet 
was  done  away  with,  and  a  loose  frock  substituted.  ^ 
In  India  the  tunic  is  made  loose,  and  of  thin  niateriaJ. 
Wa^tcoats.-m  wstcoats  are  worn  in  the  Bnt,sh  -TiJ'^l^^Sj:to[ 
to  be  introduced.'^    A  long  waistcoat  with  arms  is  one  of  the  most  usetul  oi 
lar4Ss    ii  can  be  used  without  the  tunic  when  the  men  are  m  barracks  o 
onTomSon  drill    Put  on  under  the  tunic,  it  is  one  of  the  best  protections 
ZlZZia     At  present  the  men  are  obUged  to  wear  tight  coats,  and  havmg 
Sng  vmder  them,  line  them  with  flannel  and  wadding.    In  muter  and 

they  often  jear  th-^^^^^^^^^ 

Mediterranean  and  subtropical  stations.  }„„i„aB  ■  but  shortly 

Formerly  the  army  wore  breeches  and  leggings ,  out  5n_^ 

.  This  ™t  occur  if  .re  won, ;  and  it  i,  lo  ^^I^P^d  no.bu,g  will  ever  occur  t. 
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before  or  during  the  Peninsular  war  trousers  were  introduced.  The  increased 
comfort  to  the  soldier  is  said  to  have  been  remarkable ;  the  trouser,  indeed, 
protecting  the  leg  quite  down  to  the  ankle,  seems  to  be  as  good  a  dress  as  can 
be  devised,  if  it  is  made  on  proper  principles,  viz.,  very  loose  over  the  hips 
and  knees,  and  gathered  in  at  the  ankle,  so  that  merely  sufficient  opening  is 
left  to  pass  the  foot  through.  The  much-laughed-at  pegtop  trousers  seem  to 
be,  in  fact,  the  proper  shape.  In  this  way  the  whole  leg  is  protected,  and 
the  increased  weight  given  by  the  part  of  the  trousers  below  the  knee  is  a 
matter  of  no  consequence. 

The  trousers  are  supported  either  by  braces  or  a  belt.  If  the  latter  be 
used,  it  should  be  part  of  the  trousers,  should  fit  just  over  the  hip,  and  not 
go  roimd  the  waist.  It  must  be  tight,  and  has  one  disadvantage,  which  is 
that  in  great  exertion  the  perspiration  flowing  down  from  above  collects  there, 
as  the  tight  belt  hinders  its  descent ;  also,  if  heavy  articles  are  carried  in  the 
pocket,  the  weight  may  be  too  great  for  the  belt.  Braces  seem,  on  the  whole, 
the  best. 

Trousers  should  be  made  with  large  pockets,  on  the  principle  of  giving 
the  men  as  much  convenience  as  possible  of  carrying  articles  in  time  of 
war. 

In  India,  trousers  are  made  in  the  same  fashion  as  at  home,  but  of  drill  or 
khakee  cloth,  or  thin  serge— an  excellent  material,  especially  for  the  northern 
stations. 

Leggings  and  Gaiters. — Formerly  long  leggings  reaching  over  the  knees,  and 
made  of  half-tanned  leather,  were  used.  They  appear  not  to  have  been  con- 
sidered comfortable,  and  were  discarded  about  sixty  years  ago.  Short  gaiters 
were  subsequently  used  for  some  time,  but  were  finally  given  up,  and  for 
several  years  nothing  of  the  kind  was  worn.  After  the  Crimean  war  Lord 
Herbert  introduced  for  the  infantry  short  leather  leggings,'  6  inches  in  height, 
and  buttoning  on  the  outside.  These  were  not  of  good  length  or  shape,  and 
have  now  been  superseded  by  leggings  which  come  more  up  to  the  knee,  and 
are  much  more  serviceable. 

In  some  of  the  French  regiments  a  gaiter  of  half-dressed  hide  comes  up  to 
just  below  the  knee ;  short  calico  or  linen  gaiters  are  worn  by  other  corps  :  a 
flap  comes  forward  over  the  instep.  The  calico  gaiters  have  been  much 
praised,  but  they  soon  get  saturated  with  perspiration,  thickened  in  ridges 
and  sometimes  irritate  the  skin.  On  the  other  hand,  leather  gaiters,  if 
not  made  of  good  leather,  lose  their  suppleness,  and  press  on  the  ankles  and 
mstep. 

A  great  advantage  of  gaiters  and  leggings  is,  that  at  the  end  of  a 
march  they  can  be  at  once  removed  and  cleaned;  but,  on  the  whole,  if 
b^abandontd^''  ^"^^^  trousers,  they  might  perhaps 

Shoes  and  Boots.~ln  the  action  of  walking  the  foot  expands  in  length  and 
breadth;  m  length  often  as  much  as  ^Vth,  in  breadth  even  more.  In 
cfioosing  shoes  this  must  be  attended  to.  The  shoemaker  measures  when  the 
person  is  sitting,  and  as  a  rule  allows  only  ^th  increase  for  walking.  Ankle 
boots  weighing  40  to  42  ounces,  are  now  worn  by  the  infantry  :  the  cavalry 
have  Wellingtons  and  jackboots.  The  jackboots  of  the  Life  Guards  weigh 
Anil  T'f^         T\'?  ^«  ^«rn  without  gaite?s 

fiHT'.r^'''^  ^r^^^''^  "^'"^y  ^ade  to  lace 

and  are  fitted  with  a  good  tongue.    Great  attention  is  now  paid  at  Pimlico  to 
the  shape  and  make  of  the  boot,  and  the  principles  laid  down  by  Smper 
Meyer,  and  others  are  carefully  attended  ta    There  are  eight  sizes  of  Sth 
and  four  of  breadth,  making  thirty-two  sizes  in  aU.   The  boots  are  made  rig  it 
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and  left.  The  heel  is  made  very  low  and  broad,  so  that  the  weight  is  not 
thrown  on  the  toes,  the  gastrocnemii  and  solei  can  act,  which  they  cannot  do 
well  with  a  high  heel,  and  there  is  a  good  base  for  the  column  which  forms 
the  line  from  the  centre  of  gravity,  and  the  centre  of  gravity  is  kept  low  ;  the 
inner  line  of  the  boot  is  made  straight,  so  as  not  to  push  outwards  the  great 
toe  in  the  least  degree,  and  there  is  a  bulging  over  the  root  of  the  great  toe  to 
allow  easy  play  for  the  large  joint.  Across  the  tread  and  toes  the  foot  is  made 
very  broad,  so  that  the  lateral  expansion  may  not  be  impeded ;  the  toes  are 
broad.  Great  care  is  taken  in  the  inspection  of  the  boots,  the  order  of  inspec- 
tion being — 1st,  The  proof  of  the  size,  which  is  done  by  standard  measure ; 
2n(i,  The  excellence  of  the  leather,  which  is  judged  of  by  inspection  of  each 
boot,  and  by  selecting  a  certain  number  from  each  lot  furnished  by  a  con- 
tractor, and  cutting  them  up  ;  if  anything  wrong  is  found,  the  whole  lot  is 
rejected  ;  3rd,  The  goodness  of  the  sewing  ;  there  must  be  a  certain  number  of 
stitches  per  inch  (not  less  than  eight  for  the  upper  leathers)^  a  certain  thickness 
of  thread,  and  the  thread  must  be  well  waxed.  The  giving  up  of  boots  is 
generally  owing  to  the  shoemaker  using  a  large  awl,  and  thin  un waxed  thread, 
with  as  few  stitches  as  possible ;  the  work  is  thus  easier  to  him,  but  the  thread 
soon  rots. 

The  Germans  are  now  introducing  a  long  boot,  with  a  slit  down  the  centre; 
it  can  be  worn  under  the  trousers,  or  at  pleasure  outside,  as  the  slit  opens,  and 
can  then  be  laced.  A  somewhat  similar  boot  was  invented  by  the  late  Major 
Sir  W.  Palliser. 

Considering  the  great  injury  inflicted  on  the  foot  by  tight  and  ill-made 
boots,  by  which  the  toes  are  often  distorted  and  made  to  override,  and  the 
great  toe  is  even  dislocated  and  ankylosed,  it  is  plain  that  the  increased  atten- 
tion lately  excited  on  this  point  is  not  unnecessary.  The  compression  of 
children's  feet  by  the  tight  leather  shoes  now  made  is  extremely  cruel  and 
injurious.  It  may,  indeed,  be  asserted  that  the  child's  foot  would  be  better 
if  left  altogether  unclothed,  and  certainly  we  see  no  feet  so  well  modelled  as 
the  children  of  the  poor,  who  run  about  shoeless.  In  the  case  of  the  soldier, 
too,  who  has  in  many  campaigns  been  left  shoeless,  and  has  greatly  suffered 
therefrom,  it  is  a  question  whether  he  should  not  be  trained  to  go  bare- 
footed. The  feet  soon  get  hard  and  callous  to  blows,  and  cleanliness  is 
really  promoted  by  having  the  feet  uncovered,  and  by  the  frequent  washings 
the  practice  renders  necessary.  After  being  unworn  for  some  time,  shoes 
that  previously  fitted  will  be  found  too  small,  on  account  of  the  greater 
expansion  of  the  foot,  and  this  is  itself  an  argument  against  the  shoe  as 
commonly  worn. 

The  sandal  in  all  hot  countries  is  much  better  than  the  shoe,  and  there  is 
no  reason  why  it  should  not  be  used  in  India  for  the  English  soldiers  as  it  is 
by  the  native ;  the  foot  is  cooler,  and  will  be  more  frequently  washed.  For  all 
native  troops,  negroes,  &c.,  the  sandal  should  be  used,  and  the  boot  altogether 
avoided.  In  campaigns  it  is  most  important  to  have  large  stores  of  boots 
at  various  points,  so  that  fresh  boots  may  be  frequently  issued,  and  worn 
ones  sent  back  for  repair.  Soldiers  ought  to  be  trained  to  repair  their  own 
boots.i 


1  It  may  be  worthwhile  to  give  a  receipt  for  making  boots  impermeable  to  wet.   Dn  P^^^^^^^ 
tried  the  following  and  found  it  effectual ;  Take  half  a  pound  of  shoemaker  s  dubbmg  half  a 
pint  of  linseed  oil,  half  a  pint  of  solution  of  india-rubber  (price  3s  per  gallon)     ^issol  e  >u  h 
gentle  heat  (it  is  very  inflammable),  and  rub  on  the  boots    This  will  1^^* .^^^ 
^ut  it  is  well  to  renew  it  every  three  months.    At  a  small  expense  the  boots  of  a  whole  regiment 
could  be  thus  made  impermeable  to  wet.    Ar>ny  Circular  clause  66, 1875  <\\'^ects-(l)  ^^^^^^^ 
boots  are  to  be  blackened  with  three  coats  of  ordinary  blacking,  mstead  of  other  substances. 
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Greatcoat  and  Cloah. — In  the  cavalry,  cloaks,  with  capes  which  can  be 
detached,  are  carried.  They  are  large,  so  as  to  cover  a  good  deal  of  the  horse, 
and  are  made  of  good  cloth ;  the  weight  is  about  5  ft)  to  6  lb  for  the  cloak, 
and  2|  ft)  to  3  ft>  for  the  cape.  The  infantry  wear  greatcoats  weighing  from 
5  tb  to  6  Ib.i  They  are  now  made  of  extremely  good  cloth,  are  double-breasted, 
and  are  as  long  as  can  be  managed.  They  are  not  provided  with  pockets  at 
the  back,  which  is  a  serious  omission,  and  they  also  should  have  loops,  so  that 
the  flaps  may  be  turned  back  if  desired.  They  are  too  heavy,  and  absorb  a 
great  deal  of  wet,  so  that  they  dry  slowly.  General  Eyre's  Committee  on 
Equipments  recommended  a  lighter  greatcoat,  and  in  addition  a  good  water- 
proof cape.  The  suggestion  seems  to  be  a  very  good  one.^  A  hood  might 
also  be  added  with  advantage.  In  countries  with  cold  winds  they  are  a  great 
comfort.  Or  the  Eussian  bashlik  might  be  introduced ;  it  is  a  most  useful 
covering  for  cold  and  windy  countries. 

The  greatcoat  is  perhaps  the  most  important  article  of  dress  for  the  soldier. 
With  a  good  greatcoat,  Eobert  Jackson  thought  it  might  be  possible  to  do 
away  with  the  blanket  in  war,  and  if  india-rubber  sheets  were  used  this  is 
perhaps  possible.  In  the  Italian  war  of  1859,  the  French  troops  left  their 
tunics  at  home,  and  campaigned  in  their  greatcoats,  which  were  worn  open 
on  the  march.  ^ 

In  countries  liable  to  great  vicissitudes  of  temperature,  and  to  sudden  cold 
winds,  as  the  hilly  parts  of  Greece,  Turkey,  Afighanistan,  &c.,  a  loose,  warm 
cloak,  which  can  be  worn  open  or  folded,  is  used  by  the  inhabitants,  and 
should  be  imitated  in  campaigns.  It  is  worthy  of  remark,  that  in  most 
of  these  countries,  though  the  sun  may  be  extremely  hot,  the  clothes  are  very 
warm. 

In  very  cold  countries,  sheep-skin  and  buflfalo-hide  coats,  especially  the 
former,  are  very  useful.  No  wind  can  blow  thi-ough  them ;  in  the  coldest 
night  of  their  rigorous  winter  the  Anatolian  shepherds  lie  out  in  their  sheep- 
skin coat  and  hood  without  injury,  though  unprotected  men  are  frozen  to 
death.  In  Bulgaria,  the  Crimea,  and  other  countries  exposed  to  the  pitiless 
winds  from  Siberia,  and  the  steppes  of  Tartary,  nothing  can  be  better  than 
coats  like  these.* 


SECTION  V. 

WEIGHTS  OF  THE  ARTICLES  OF  DRESS  AND  OF  THE  ACCOUTRE- 
MENTS, AND  ON  THE  MODES  OF  CARRYING  THE  WEIGHTS. 

The  following  tables  give  the  weights  of  all  the  articles  used  by  a  Heavy 
Cavaby  Regiment,  an  Hussar  Regiment,  and  the  Infantry  of  the  Line.  The 
weights  carried  by  the  Artillery  are  much  the  same  as  those  of  the  Cavalry 
ihe  weights  of  the  helmets  and  jackboots  of  the  Life  and  Horse  Guards  have 


four'  mZl^i  ^""^^'^^  ^PP^i^<i  t«  "PP«^-«.  at  least, 

thl  S?^^^^^^^^^^^^  t!^>  one  n.ediu.,  and  one  s.all ; 

^^^"^      ^  leg, 

alum  ,s  dissolved,  and  while  the  solution  is  hot,  brush  it  well  over  the  surface  of  the  if 
then  dry.     t  is  said  that  the  addition  of  two  dmchms  of  sulphate  of  coppe?  is  ?n  imnmvin'.^  f'^ 

^:^^:'^i^::t^:.7^'   -^-^   by  theSrt;r;Ci7;^ 
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been  already  mentioned.  The  cuirass  weighs  10  lb  12  oz. ;  it  rests  a  little  ou 
the  sacrum  and  hip,  and  in  that  way  is  more  easily  borne  by  the  man.  With 
these  exceptions,  the  weights  may  be  considered  nearly  the  same  as  those  of 
the  heavy  dragoons.  The  uniform  and  equipment  of  the  Guards  and  Cavalry 
are  at  present  under  consideration,  and  may  be  changed. 


Cavalry. 

The  weight  of  the  accoutrements  and  equipment  is  in  great  part  carried  by 
the  horse.  The  cloak,  when  not  worn,  is  carried  in  a  roll  over  the  shoulder, 
or  sometimes  round  the  neck,  or  in  front  on  the  horse. 

Private  in  6th  Dragoon  Guards. — Weights  in  Marching  Order  {Jan.  1872). 

Articles. 


Carbine,  . 

Sword-belt  and  sword, 
Pouch-belt  and  pouch, 
Cloak  and  cape, 
Valise  completely  packed 
Saddle  complete, 


lb.  oz. 

6  8 

5  8 

1  8 

.      10  8 

.     15  0 

 .     47  8 

Sheepskin,  corn-sack,  and  nose-bag,  8  8 
Man's  clothing  (which  includes  1 
a  complete  set  of  undercloth- 
ing, helmet  without  plume,  [17  0 
tunics,pants,haversack,gaunt- 
lets,  knee-boots,  and  spurs),  J 

Carry  forward. 


112 


Articles. 
Brought  forward, 

Blanket,  . 
Heel  Ropes, 

M  Pegs, 
Shackles, 
Collar  Shank, 
Wellington  boots  and  spurs. 


lb. 
112 
4 
1 

2 
0 
0 
2 


oz. 
0 
4 
8 
2 
10 
13 
10 


15 
0 


123 

Average  weight  of  man  (naked),  161 

Total,       .284  15 
Or  20  stone  and  5  lb  (nearly). 


Weights  of  Men's  Clothes,  Necessaries,  ^c,  lOth  Royal  Hussars  (1869).^ 


No. 
1 
1 
1 
1 
1 
1 
1 
1 


Articles. 

Tunic,  

Busby,  plume,  and  lines. 
Pair  leather  overalls  and  straps, 


oz. 


Pair  cloth  do. 
Stable-jacket, 
Forage-cap,  . 
Valise,  . 
Cloak,  5  ft  8^ 

lb  6  oz. , 
Pail-  boots, 
,,    spurs,  . 
,,  highlows, 
Stable  bag,  . 
Pair  braces,  . 
Button-brush, 
Cloth      „  . 
Hair  ,, 
Brass 
Lace       , , 
Shaving  ,, 
Shoe 

Tin  blacking, 


cape 


Carry  forward, 


lb 

oz. 

3 

0 

1 

i3i 

3 

6 

2 

7i 

1 

15^ 

0 

5 

2 

7 

7 

141 

3 

0| 

0 

H 

3 

8 

0 

6 

0 

3| 

0 

H 

0 

0 

n 

0 

21 

0 

1 

0 

n 

0 

0 

32 

H 

No.  Articles. 

Brought  forward, 

1  Hair-comb,  . 

2  Pairs  drawers,  each  13|  oz., 
2  Pairs  gloves,  each  7i  oz. , 
Or  2  Pairs  cotton  socks,  each 

sock  2^  oz.,  . 
4  Brass  paste, 

1  Hold-all  

1  Horse -rubber, 

1  Knife,  fork,  and  spoon,  . 

1  Pipeclay  and  sponge, 

1  Razor  

3  Shirts,  each  14^  oz., 
1  Button  brass,  . 

1  Stock,  .... 

2  Towels,  7|  oz.  each, 

1  Stable  trousers, 

2  Flannel  jackets,  each  11  oz., 
1  Oil  tin,    .       .       .  . 
1  Pair  foot-straps, 
1  Mess-tin  and  strap,  . 
1  Account-book,  . 


lb. 

oz. 

32 

5\ 

0 

Oh 

1 

m 

0 

14i 

0 

9 

0 

3i 

0 

4 

0 

11 

0 

4i 

0 

2 

0 

2i 

2 

lU 

0 

1§ 

0 

H 

0 

15i 

1 

5 

1 

6 

0 

n 

0 

Oh 

1 

n 

0 

li 

45 

H 

1  Siuce  this  date,  the  only  change  is:the  substitution  of  long  boots  for  booted  overalls  :  but 
it  is  uncertain  if  this  change  will  be  permanent. 
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Saddle-tree, 

} ,    secit,      •  • 
Pair  flaps, 

,,  pannels, 
Girth-tub, 
Girth -leathers,  . 
Stirrup-ii'ons,  . 

,,  leathers. 
Crupper,  . 
Breastplate, 
Surcingle  . 
Set  of  baggage-straps, 

,,    cloak- straps, 
Pair  wallets. 

Pair  shoe-cases  and  straps, 
4  Horse  shoes  and  nails. 
New  carbine  bucket, 
Bridle-bit  and  head-stall, 
Bridoon-bit  and  reins, 
Curb-chain, 
Bit-reins,  . 
Head-collar, 
Collar-chain, 
Sheepskin , 


Weights  of  Saddlery,  10th  Royal  Hussars, 

Articles. 


rb. 
6 
1 
2 
4 
0 
1 
1 
1 
0 
1 
0 
0 
0 
1 
1 
4 
2 
2 
1 
0 
0 
1 
1 
4 


oz. 

5^ 
64 
8i 

6i 
64 
H 

Hi 

3i 
14i 

15 

9i 

9i 
14i 

4 

9 
134 

2 

2 

3f 

104 
114 

124 


Cany  forward,      .  45  13| 


Articles. 
Brought  forward, 

Shabraque, 
Numnah, 
Corn-sack, 
Nose-bag, 
Horse-brush, 
Curry-comb, 
Sponge, 
Hoof-picker, 
Scissors,  . 
Horse-log, 
Haversack, 
Carbine,  , 
Pouch -belt,  llj  oz., 
Pouch,  124  oz,, 
20  rounds  ammunition,  324  oz-j 
Wrist-belt,  &c.,  1  Ibl  oz., 
Sabretash  and  slings,  1  lb  54  oz.. 
Sword,  4  lb  10  oz.,  , 


45 
4 
2 
1 
1 
0 
0 
0 
0 
0 
1 
0 
6 


oz, 
13f 

64 
lU 

Hi 

11 
11 
2 

i| 
34 

3i 

9 

9 


8i 


01 


76 

7i 

121 

Hi 

all  his  equipments. 


or  18i  St 


6i 


Infantry. 

The  articles  of  the  infantry  soldiers'  kit  have  been  abeady  noted     The  kit 
^  divided  into  the  service  and  the  surplus  kit,  the  latter  being  always  carried 
for  and  not  by,  the  man.    The  service  kit  consists  of  the  clothes  he  wears 
and  of  some  duplicate  articles  and  other  necessaries.  ' 

These  articles  consist  of  one  flannel  shirt  (19  ounces),  pair  of  socks  C5  oz  ) 
pair  of  trousers  (23  or  32  oz  according  to  kind),  pair  of  boots  (42  oz.)  towel 
(8  oz.),  hold-all  and  knife,  fork,  and  spoon  (2|  oz.),  2  brushes  (6  oz.)  tin  of 
blacking  (GJ  oz.),  forage  cap  (4  oz.).  ' 

The  following  table  gives  a  fairly  correct  statement  of  the  weights  of  the 
kit  and  equipment : —  ^ 


Weight  of  clothes  on  person,  including  helmet,  winter  trousers 

and  leggings,   ' 

Personal  necessaries,  viz.,  service  kit  in  valise  * 
Greatcoat,  '  ' 

Valise  equipment  for  carrying  necessaries]  gi-eatcoat,'  and'arma 
meut  VIZ.,  vahse,  two  pouches,  ball-bag,  suspenders,  waist 
belt,  frog,  coat-straps,         .       .       .         ^  , 

Haversack,  •       •  . 

Canteen,  ' 
Armainent,  viz.,  rifle  and  sling  (9  Ib's  oz.),  bayonet  (1  lb);  am- 
munition (60  rounds,  6  ft  weight=  1  ft  for  10  rounds  nearly  , 
Water-bottle  (new  pattern)  and  water,    .       .       .       _  ^' 


Avei-age  weight  in 
lb.  and  ounces, 
oz. 


tb. 

10 

7 
5 


0 

3 


5  10 


0 
1 

16 


9 

8 
9 


49 


'  Average  weight  and  height  of  the  men  in  these  two  cavaky  regiments-' 

Height.         Weight  (naked). 
r>th  Dragoon  Guards,  .       .       .  k  'Sj 

18th  Hnlsars,     •       •       •      .       !       !       !      f      ?|  \^ 
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In  war,  food  and  a  blanket  would  be  also  carried,  adding  from  6  to  8  ft  to 
the  weight.  By  omitting  40  rounds  of  ammunition  and  one  pouch,  the 
weight  of  the  peace  equipment  is  lessened  to  40  lb ;  and  if  the  canteen  were 
only  carried  when  it  was  wanted,  the  weight  would  be  under  39  2).  If  the 
greatcoat  with  the  cape  could  be  reduced  to  5  lb,  and  the  summer  trousers  and 
the  boots  were  left  out  of  the  valise,  the  weight  would  be  reduced  below  35  lt», 
and  still  the  soldier  would  have  really  everything  necessary  for  his  comfort. 
Some  experienced  officers,  however,  consider  it  essential  that  the  second 
pair  of  boots  should  be  always  carried  by  the  soldier.  No  doubt  a  man 
should  have  a  second  pair  of  boots,  and  there  may  be  circumstances  in  periods 
of  peace  when  he  might  desire  to  have  them  with  him ;  but  surely  there  is  no 
necessity  for  him  to  carry,  as  he  does  now,  even  if  he  only  goes  on  guard  on  a 
fine  day,  a  pair  of  boots  which  he  never  puts  on.  It  might  be  left  to  his  dis- 
cretion to  carry  his  extra  boots,  and  it  is  pretty  certain  he  will  take  them  when 
they  add  to  his  comfort.  So  also  with  the  second  pair  of  trousers ;  why 
should  they  be  constantly  carried  when  they  are  scarcely  ever  wanted  1 

In  time  of  war,  it  is  most  important  to  have  the  soldier  as  little  weighted  as 
possible.  The  long  and  rapid  marches  which  have  so  often  decided  wars  have 
never  been  made  by  heavily-laden  men.  The  health  also  suffers.  It  is  of 
national  importance  that  the  soldier  should  be  as  healthy  and  as  efficient  as 
possible,  as  the  fate  of  a  nation  may  be  staked  on  the  prowess  of  its  army. 

The  line  which  the  weight  of  his  necessaries  should  not  exceed  should  be 
drawn  with  the  utmost  care  ;  if  his  health  suffers  more  by  carrying  some  extra 
pounds  of  weight  than  it  benefits  by  the  comfort  the  articles  give,  why  load 
him  to  his  certain  loss  1  The  overdoing  the  necessaries  of  the  soldier  has 
always  been  a  fault  in  our  army  ;  Kobert  Jackson  noticed  it  seventy  years 
ago.  "  It  is  a  mistake,"  he  says,  "  to  multiply  the  equipment  of  the  soldier 
with  a  view  of  adding  to  his  comfort." 

There  are  certain  articles  of  material  comfort  to  a  man  on  service  in  a  cold 
or  wet  country,  and  some  alteration  in  the  present  arrangement  would  be 
desirable     Dr.  Parkes  proposed  some  slight  changes.    The  greatcoat,  blanket, 
and  a  waterproof  sheet  (or  portion  of  a  shelter  tent),  to  keep  both  the  coat 
and  blanket  and  the  man  himself  dry,  are  articles  of  the  utmost  importance  ; 
there  is  scarcely  anything  that  a  soldier  might  not  dispense  with  sooner  than 
these     But  their  weight  is  considerable,  and  it  is  necessary  to  sacrifice  some- 
thing else  to  secure  them.    The  second  pair  of  trousers  is  clearly  unnecess^ary, 
and  if  he  started  with  a  thoroughly  good  pair  of  boots  made  waterproof,  as 
can  be  easily  done,  and  had  a  cheap  loose  shoe  which  he  might  put  on  after 
a  fatiguing  march,  and  if  proper  transport  were  provided  for  due  renewal, 
the  second  pair  of  boots  might  be  left  out.    A  spare  shirt,  towel,  socks 
comb  a  small  hold-all,  and  a  clasp-knife  and  spoon,  would  comprise  all  that 
would  be  necessary,  in  addition  to  his  haversack,  water-bottle  and  provisions. 
The  forage  cap  with  waterproof  cover  should  be  substituted  for  the  shako. 

If  such  a  plan  were  followed  the  weight  of  such  a  war  equipment  would 
be  as  follows  ^ : —   . 


Tlie  weight  of  the  clothing,  equipment,  and  kit  of  the  Army  Hospital  Corps  is^as  follows  :- 

id  9 

5  13 


Clothes  on  the  person,  including  helmet  and  leggmgs, 

Greatcoat  and  cape,  

Extra  kit  and  small  articles,     .       .       .      ••■vi'i.  i'„ 
Valise  with  straps,  belt,  mess-tin,  haversack,  and  black  bag,  . 

Water-bottle  (new  pattern)  with  water,  

Field  companion,  complete,  

Water-bottle  for  ditto,  with  water,  

Total, 


8  2 

8  1 
2  9 

9  13 
b  U 

JjO  11 
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Clothes  on  person,  

Service  kit  in  valise,  viz.,  shirt  (19  oz.),  towel  (8  oz.),  soap 

(2  oz.),  1  comb  (I  oz.),  hold-all  (3  oz.),  socks  (5  oz,),  shoes 

(16  oz.)  

Greatcoat  

Waterproof  sheet  (with  appliances  for  tentage), 

Blanket,  .......... 

Haversack  and  three  days'  provisions,  

Water-bottle  and  20  fl.  oz.  of  water,  

Canteen,  .......... 

Valise  equipment,  ........ 

Armament  (with  sixty  rounds),  ...... 


lb  avoir. 

oz 

1 U 

Q 

o 

A. 

n 
u 

A. 

A 

6 

0 

2 

2 

1 

JL 

5 

10 

16 

8 

66 

14 

On  ordinary  occasions  in  war,  as  lie  would  only  carry  one  day's  provisions  and 
40  rounds  of  ammunition,  the  weight  would  only  be  52  ft).  While  he  would 
be  more  comfortably  provided,  he  would  be  less  weighted  than  with  the  pre- 
sent system,  and  would  be  able,  if  it  were  required,  to  carry  entrenching  tools. 

The  valise  equipment  proposed  by  General  Eyre's  Committee,  and  now 
adopted  for  the  army,  possesses  great  facilities  for  carrying  these  articles,  as 
will  be  presently  noticed. 

This  committee  also  recommended  that,  instead  of  the  squad-bag  for  25 
men,  each  man  shall  have  a  separate  canvas  bag  for  his  surplus  kit,  as  is  now 
provided  on  board  ship.  In  time  of  peace  this  would  be  carried  for  him,  as 
the  squad-bag  is  at  present ;  in  time  of  war  it  would  be  left  at  home. 

It  is  of  great  moment  to  give  each  man  a  bag  for  surplus  kit  to  himself. 
It  encourages  the  men  to  take  care  of  their  things,  and  enables  them  to  pack 
them  comfortably.    Each  man  is  now  supplied  with  a  kit-bag. 

It  niay  be  interesting  to  give  the  weights  of  the  various  articles  carried  by 
the  infantry  soldier  of  the  French,  Prussian,  and  Eussian  armies. 


Equipment  of  the  French  Infantry  Soldier  {Morache,  1874). 


Articles. 
A.  CLOTHINa,  &c. 

Shako,  . 
Greatcoat, 
Epaulettes,  . 
Shirt,  . 
Neckcloth,  . 
Braces,  . 
Trousers, 
Drawers, 
Shoes,  . 
Leather  gaiters. 
Pocket  handkerchief, 
Knife,  . 
Spoon,  . 

Total  clothing,  &c., 

B.  Equipment  and  Armament 
Rifle  (pattern  of  1866),i         .  8 
Strap  for  do.,        .       .       .  0 
Cartridge  pouch,    .  l 
Belt  and  accessories 
Sword-bayonet, 


Weight 

in  lb 

oz. 

ftvoir. 

0 

15\ 

4 

6i 

0 

6i 

1 

Of 

0 

2i 
2i 

0 

1 

8f 

0 

10 

1 

154 

0 

Hi 

0 

^ 

0 

H 

0 

1 

12 

4| 

12| 

H 
lis 


Articles. 

Brought  forward, 
2  Loose  cartridges, 
2  Packets    of  cartridges  in 
pouch. 

Total  equipment, 

C.  Pack. 
I.  Knapsack,  empty 


Weight 
in  lb 
avoir. 
13 
0 


oz. 

12 
2i 


15 


Carry  forward. 


13 


12 


In  pack : — 
2  Shirts,  . 

1  Pair  drawers, 

2  Pairs  linen  gaiters, 
1  Night-cap,  . 

1  Pocket  handkerchief, 
1  Pair  shoes,  . 

1  Pair  trousers, 
Hold-all  complete,  . 

2  Pairs  gloves, 

8  Packets  cartridges. 
Small  book. 

Carry  forward, 


5 

^  7 

2 

n 

0 

10 

0 

H 

0 

i| 

0 

^ 

1 

15f 

1 

8| 

1 

0 

3 

5 

1 

0 

li 

19 

'  This  has  been  recently  altered  to  the  Gras  rifle,  but  apparently  without  change  of";^ 

2  0 
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Equipment  of  the  French  Infantry  Soldier  (Morache)  IQ7 i—co7tti7med. 


Articles. 

Brought  forward. 
Jersey,  . 
Tunic, 
Forage-cap, 
Small  bag, 

III.  Camp-equipage: — 
Tent  (now  omitted), 
Accessories, 
Blanket, 

Carry  forward. 


Weight 
in  lb  oz. 
avoir, 
19 


2 
3 
0 
0 


2 
1 
3 


4i 

H 

51 


12^ 
8i 


33  10 


ArticlcB. 

Brought  forward, 
Cooking-pot, 
Mess-tin, 

Water-bottle,  empty, 

IV.  Four  days'  provisions,  but  I 
only  two  days'  of  salt  meat  / 
or  bacon, 1       .       .       •  ) 

Total, 

Grand  Total,  . 


WelRht 
in  t1>  Of, 
uvoir. 

33 


3 
0 
0 


10 
3 
14 

13| 


7h 


45 


Ok 


72 


84 


The  German  infantry  soldier  carries  the  following  weights  :  - 

Clothing  on  the  person  j  with  gloves),  not  including  helmet,  10 
Armament  and  equipment  (including  helmet,  water-bottle  ) 
(full),  coffee-mill,  and  trenching  tools),  .       .       .       •  S 


31 


Pack,  with  extra  kit,  &c.,  and  reserve  ammunition, 
Greatcoat  and  straps. 
Rations,  . 


19 
5 
7 


134 

11 


Total, 


74  134 


Some  of  the  articles  are  not  always  carried  by  the  same  man  such  as  the 
hatchet,  spade,  and  coffee-mill,  so  that  the  weight  may  be  lessened  to  66  lb- 
average  weight  carried,  66  K)  to  71  H).  The  shako  of  the  riflemen  and  sharp- 
shooters is  about  31  oz.  lighter  than  the  infantry  helmet.  The  Mauser  rifle 
weighs  10  t>  and  the  bayonet  1  S)  8|  oz.  ,       Ti.  v 

The  Eussian  soldier  carries  70|  B),  the  Austrian  60  tt),  and  the  Italian  /5 
tb  :  the  mean  of  European  armies  being  66  ft.  .   n  c 

The  mean  weight  of  the  rifles  carried  by  European  infantry  is  9  lb  b  oz. , 
of  the  bayonet,  1  tt)  2^  oz. ;  and  of  each  cartridge,  1^  oz. 


SECTION  VI. 

CARRIAGE  OF  THE  NECESSARIES  AND  ARMAMENT. 

The  equipment  of  the  cavalry  soldier  is  in  great  part  carried  by  the  horse; 
but  apparently  the  mode  in  which  the  cavalry  valise  is  arranged  is  not  com- 
fortabl  to  thi  men.  The  total  weight  carried  by  the  horse  appears  also  to 
be  lar^^^^  personal  and  horse  equipments  equa  to  nearly  his 

own  weUt  Without  pronouncing  on  the  necessity  of  this  it  is  a  fact  that 
THghtcavalry  regiments  the  horse  now  carries  nearly  19  stone  weight, 

greatest  care  is  — y  ^o  p^^  ^^^^^^^^     %  —  polSlo'  let  ^l^^^, 
2  Roth  aud  Lex,  op.  cit.,  Bd.  hi.  (1877),  p.  n^- 
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in  India,  much  more  work  would  be  got  out  of  him,  longer  marches  would  be 
made,  and  he  would  show  greater  endurance  on  the  day  of  action.   But  such 
an  arrangement  is  impossible,  as  transport  could  not  be  provided,  and  the 
alternative  of  leaving  a  man  without  his  necessaries  is  not  to  be  thought  of. 
But  it  cannot  be  too  strongly  impressed  on  all  commanding  officers,  that  every 
ounce  of  weight  saved  is  a  gain  in  efficiency.    The  Prussians,  in  the  war  of 
1866,  obtained  wagons  whenever  they  could  to  carry  the  knapsacks,  and  the 
comparison  between  the  condition  of  the  men  thus  relieved  and  those  who 
could  not  be  so,  was  striking.^    A  change  of  opinion  also  must  be  brought 
about  in  the  army  on  a  very  material  point.    Some  officers  believe  that,  as 
the  men  must  carry  weights  in  war,  they  ought  to  carry  them  on  all  occa- 
sions during  peace,  so  that  the  men  may  be  accustomed  to  them ;  and  they 
attempt  to  strengthen  their  position  by  referring  to  the  custom  of  the 
Eomans,  who  exercised  their  men  in  peace  with  heavier  weapons  than  those 
used  in  war.  _  But  this  example  is  not  applicable.    A  man  should  be  exer- 
cised in  the  highest  degree  in  any  way  which  may  develop  his  muscles  and 
improve  the  circulation  through  his  lungs  and  heart.   Any  amount  of  muscular 
exertion  (within,  of  course,  reasonable  limits),  any  degree  of  practice  with 
weapons,  must  be  good  as  long  as  his  body  is  unshackled;  but  if  he  is  loaded 
with  weights,  and  especially  if  the  carriage  of  the  weights  at  all  impedes  the 
action  of  the  lungs  and  heart,  then  the  very  exertion  which  in  other  circum- 
stances would  benefit  him  must  do  him  harm.    The  soldier  must  carry  weights 
sometimes,  but  it  should  be  a  rule  not  to  carry  them  when  he  has°  no 
immediate  need  of  the  various  articles.    The  aim  should  be  the  cultivation 
of  the  breathing  power  of  his  lungs  and  the  power  of  his  muscles  to 
an  extent  which  will  enable  him  to  bear  his  weights,  at  those  times 
when  he  must  carry  them,  more  easily  than  if,  on  a  false  notion  of 
accustommg  him  to  them,  he  had  been  obliged  to  wear  them  on  all  possible 
occasions. 

Sufficient  practice  with  the  weights  to  enable  a  man  to  dispose  them  com- 
fortably, and  to  make  him  familiar  with  them,  should  of  coui-se  be  given  • 
but  a  very  short  teaching  will  suffice  for  this.  ' 

The  weights  which  an  infantry  soldier  has  to  carry  have  already  been 
stated ;  the  mode  of  disposing  of  them  has  now  to  be  considered 

Weights  are  most  easily  borne  when  the  following  points  are  attended 

1 .  They  must  lie  as  near  the  centre  of  gravity  as  possible.  In  the  upright 
position  the  centre  of  gravity  is  between  the  pelvis  and  the  centre  of  the 
body,  usually  midway  between  the  umbilicus  and  pubis,  but  varyino-  of  course 
with  the  position  of  the  body;  a  line  prolonged  to  the  ground  passes  throu^^h 
the  astragalus  just  in  the  front  of  the  os  calcis.  Hence  weights  carried  on  the 
head  or  top  of  the  shoulder,  or  which  can  be  thrown  towards  the  centre  of 
the  hip  bones,  are  carried  most  easily,  being  directly  over  the  line  of  the  centre 
ot  gravity.  When  a  weight  is  carried  away  from  this  line  the  centre  of  aravitr 
IS  displaced,  and,  in  proportion  to  the  added  weight,  occupies  a  point  more  or 
less  distant  from  the  usual  site;  until,  perhaps,  it  is  so  far  removed  from  tWs 
that  a  Ime  prolonged  downwards  falls  beyond  the  feet;  the  man  then  falls, 

1  See  Mr.  Bostock's  able  Report  in  the  A  rmy  Medical  Reports,  vol  vii  t)  ^f^fi 
Dr  Parkes  quotes  a  letter  from  a  Prussian  officer,  high  in  rank  and'oerfai^     i  . 
Htating  that  the  difference  in  the  health  of  the  Prussian  soldiS  who  carS  th^T'' 
the  Bohemian  marches  in  1866,  and  those  who  did  not,  was  ren7arLl5c  ^"^P'^f 
not  carried  their  packs,  though  they  had  not  had  the  co  nibrt  o^Jheir  neces^lrl.f " 
and  vigorous  and  in  high  spirits  ;  those  who  had  carried  them  on  the  o  her  hnn.f  ' 
tively  worn  and  exhausted.    And  this  was  with  the  best  Starr  kn!^^^^^^^^^^^  '^""l'^''*- 
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unless,  by  bending  his  body  and  bringing  the  added  weight  nearer  the  centre, 
he  keep  the  line  well  within  the  space  which  his  feet  cover. 
■  In  the  distribution  of  weights,  then,  the  first  rule  is  to  keep  the  weight 
nearer  to  the  centre  ;  hence  the  old  mode  of  carrying  the  soldier's  greatcoat, 
viz.,  on  the  back  of  the  knapsack,  is  a  mistake,  as  it  puts  on  weight  at  the 
greatest  possible  distance  from  the  centre  of  gravity. 

2.  The  weights  must  in  no  case  compress  the  lungs,  or  in  any  way  interfere 
with  the  resptratory  movements,  or  the  elimination  of  carbonic  acid,  or  hinder 
the  transmission  of  blood  through  the  lungs,  or  render  difficult  the  action  of 

the  heart.  ,  . 

3.  No  important  muscles,  vessels,  or  nerves  should  be  pressed  upon,  ihis 
is  self-evident;  an  example  may  be  taken  from  the  old  Kegulation  pack,  the 
arm-straps  of  which  so  pressed  on  the  axillary  nerves  and  veins  as  to  cause 
numbness,  and  often  swelling  of  the  hands,  which  has  been  known  to  last 
for  twenty-five  hours. 

4.  The  weights  should  be  distributed  as  much  as  possible  over  several  parts 

of  the  body.  „ ,     ,         •,  i.     •  -u*. 

If  we  consider  the  means  made  use  of  by  those  who  carry  great  weight,  we 

find  the  following  points  selected  for  bearing  them  :— 

1  The  top  of  the  head.    The  cause  of  this  is  obvious;  the  weight  is 

completely  in  the  line  of  centre  of  gravity,  and  in  movement  is  kept  balanced 

over  it.    Of  course,  however,  very  great  weights  cannot  be  carried  in  this 

The  tops  of  the  scapulse,  just  over  the  supra-spinous  fossa  and  ridge. 
At  this  point  the  weight  is  well  over  the  centre  of  gravity,  and  it  is  also 
diffused  over  a  large  surface  of  the  ribs  by  the  pressure  on  the  scapula. 

3  The  hip  bones  and  sacrum.    Here,  also,  the  weight  is  near  the  centre  of 
gravity,  and  is  borne  by  the  strong  bony  arch  of  the  hips,  the  strongest  part 

^'^nldcUtion,  great  use  is  always  made  by  those  who  carry  great  weights  of 
the  svstem  of  balance.  The  packman  of  England  used  to  carry  from  40  to 
even  60  R  easily  thirty  miles  a  day  by  taking  the  top  of  the  ^fV^f^ov  tho 
53  r.nint  and  having  half  the  weight  in  front  of  the  chest  and  half  behmd. 
?rthirwav  he  stiS^^^^  the  weight  over  the  centre  of  gravity.  The  same- 
ioi"an  ^^^^^^  system  of  balance,  is  used  by  the  milkmaid,  who  can 
LTy  more  weight  fSr  a  greater  distance  than  the  strongest  guardsman  equipped 
w^th  the  old  military  accoutrements  and  pack. 

These  pointe  m/st  guide  us  in  arranging  the  weights  carr.ed  by 
soldier    The  weight  on  the  head  is,  of  com-se,  out  of  the  question  We 

'°  if  ouf  j^my  the  carriage  of  the  kit  and  ammunition  has  always  been  felt  to 
J  ffi         3  many  have  been  the  changes  in  the  infantry  knapsacks 
be  a  drffieiUty  ^™  '"^^  f^^^"*!,,"';,,.    The  method  of  caniage  which  was 

to  the  top  of  the  weiE^ht.  .  .  +  j    obsolete  Regulation  equipment,  and 

or^^!^:°-^s^^^^"'^  t»  -.-t ...... 
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pointed  by  Lord  do  Grey  in  1864,  and  of  wliich  General  Henry  Eyre  was 
the  president,  was  devised  for  the  purpose  of  enabling  the  infantry  soldier 
to  carry  his  weights  with  greater  comfort  (and,  therefore,  to  enable  him 
to  march  farther),  and  especially  to  do  away  with  any  chance  of  injuring 
his  heart  and  lungs.i  This  committee  presented  four  reports  to  the  War 
Office.  2 

Considerable  difficulty  was  found  in  fixing  on  the  best  equipment;  in  addition 
to  all  the  points  already  noted,  simplicity  and  durability,  and  as  much  freedom, 
from  accidental  breakage  as  could  be  insured,  were  essential ;  facility  of  re- 
moval and  readjustment  for  emergencies,  adaptation  for  various  conditions  of 
service,  and  suitableness  for  military  ^exercises,  had  all  to  be  considered.  After 
passing  in  review  all  the  known  plans,  and  experimenting  on  a  large  scale,  the 
committee  at  last  recommended  a  plan  which,  after  an  extended  trial  in  many 
regiments,  and  being  submitted  to  the  opinions  of  many  officers,  was  finally 
authorised  and  issued  in  place  of  the  old  pattern. 

The  new  equipment  is  essentially  based  on  the  yoke  valise  plan  of  the  late 
Colonel  Sir  Thomas  Troubridge,  C.B.,  who  had  been  for  many  years  experi- 
menting on  this  subject  ;^  but  it  is  greatly  altered  in  details  in  order  to  avoid 
the  use  of  copper  or  iron  rods.  The  two  great  principles  are  to  use  the 
scapulc-e  and  the  sacrum  in  about  equal  proportion  as  carriers  of  the  weight, 
and  to  place  the  weights  as  near  to  the  body  as  possible,  and,  as  far  as  could 
be  done,  in  front  as  well  as  behind,  so  as  to  avoid  the  displacement  of  the 
centre  of  gravity.  The  great  advantage  of  using  the  sacrum  as  one  of  the 
points  of  support  has  been  very  apparent  in  the  trials  of  the  valise  plan.  In 
that  way  only  can  the  chest  be  thoroughly  relieved;  a  very  great  weight  can 
be  carried  without  injury  if  it  is  necessary,  and  apart  from  that  a  mechanical 
advantage  of  no  small  moment  has  been  obtained.  For  the  effect  of  placing 
the  kit  and  ammunition  low  down  is  to  free  the  large  muscles  of  the  shoulder 
and  back  from  the  impediment  which  hinders  their  action  when  a  knapsack 
of  any  kind  is  carried  in  its  usual  place ;  the  bayonet  exercise  can  therefore 
be  much  better  performed ;  but  more  than  this,  the  soldier  engaged  in  a  per- 
sonal struggle  is  in  far  better  position  than  with  a  knapsack  on  the  upper  part 
of  the  back;  for  in  the  latter  case,  the  centre  of  gravity  being  displaced 
(raised  and  carried  backwards),  the  man  has  already  a  tendency  to  fall  back 
which  tells  seriously  against  him.  In  the  new  equipment,  on  the  contrary, 
the  great  weights  being  all  below  the  centre  of  gravity,  rather  tend  to  keep  a 
man  steadier  and  firmer  on  his  legs  than  otherwise. 

In  order  to  gain  these  advantages,  and  also  to  lessen  the  weight  of  the 
equipment,  the  framed  knapsack  was  abandoned,  and  a  bag  or  valise 
substituted,  which  is  large  enough  to  carry  the  service  kit  and  some 
provisions.  The  total  weight  of  the  whole  equipment,  as  intended  for  active 
service,  is  5  S)  8  oz. 

In  the  peace  equipment  there  is  a  single  pouch  in  front,  which  can  be 

^IJ?  v^^  chapter  on  Home  Service  are  given  the  facts  about  the  amount  of  heart  and 
vessel  disease  in  the  army.  It  appears  to  be  very  large,  and  to  be  attributable,  in  part  at  any 
rate,  to  exercise  under  unfavourable  conditions.  It  is  not  confined  to  the  infantry,  but  is 
common  to  all  branches,  and  perhaps  the  disease  of  the  vessels  is  even  greater  in  degree  in  the 
cavalry  and  artillery  Professor  Maclean,  C.B.,  called  the  attention  of  the  authorities  to  tl  s 
matter  ,n  a  striking  lecture  delivered  at  the  Royal  United  Service  Institution,  and  published  in 
the  /„a^  of  tJie  Institution,  vol.  viii.,  and  from  which  extracts  were  given  in  forn?er  editfons 
The  army  is  greatly  ndebt.ed  to  Dr.  Maclean  for  his  clear  exposition  on  this  point  The  Sst 
Report  of  the  Committee  on  Knapsacks  contains  the  evidence  to  that  date 
^uJl^^Z^^  "-^  CowmiWee  appointed  to  inquire  into  the  Effect  on  Health  of  the  vrc^evf 
System  of  carrying  the  Accmdrem^nts,  Ammunition,  and  Kit  of  Infantrv  Soldtr,^  mil, 
^fl^^'l^^r^  '  ^''"^  ^'P^^t'  1867  ;  Third  and  Fourth  Reports,  1868  ^  '  ^"^'^ 

this  wori;  ^™''^"d,ge's  equipment  will  be  found  described  and  figured  in  the  2nd  edition  of 
this  work.   He  had  made  experiments  on  this  subject  for  more  than  fifteen  years 
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shifted  to  one  side  so  as  to  allow  the  waist-belt  to  be  opened.  The  straps 
running  up  over  the  shoulder  from  the  rings  are  made  broad  on  the  scapulai, 
they  cross  on  the  back  like  a  common  pair  of  braces,  and  then  catching 
the  top  of  the  valise  on  the  other  side  by  a  buckle,  run  under  the  arm 
to  the  ring  on  the  opposite  side  from  which  they  started.  From  this  ring 
a  strap  runs  to  the  bottom  of  the  valise  which  is  placed  resting  on 
the  sacrum  ;  by  this  arrangement  the  weight  of  the  valise  is  thrown  partly 
on  the  shoulder,  partly  on  the  sacrum,  and  is  also  thrown  forward  in  a 
line  with  the  centre  of  gravity.  From  the  ring  another  straps  runs  to  the 
waist-belt  and  supports  the  ammunition,  which  thus  balances  in  part  the 
weight  behind. 

In  full  service  order  two  pouches  are  carried  in  front,  each  holding  20 
rounds ;  tliere  is  also  a  ball-bag,  intended  to  hold  loose  cartridges  for  rapid 
firing,  in  which,  if  there  be  necessity,  20  or  even  30  cartridges  can  be  put. 
There  is  provision  in  the  valise  for  twenty  more. 

The  greatcoat  is  placed  above  the  valise,  and  being  soft,  gives  no  obstruction 
to  the  action  of  the  muscles  of  the  shoulder. 

The  canteen  can  be  carried  over  the  greatcoat ;  but  many  officers  prefer 
carrying  it  on  the  valise,  where  there  are  two  loops  intended  for  it. 

This  equipment  is  very  easy,  and  leaves  the  chest  perfectly  f ree ;  it  is 
simple  both  in  principle  and  construction,  and  affords  many  facilities  for 
carriage  of  articles,  such  as  the  haversack,  the  water-bottle,  blanket,  &c., 
which  prove  useful  on  service.  It  is  of  more  importance  to  note  here,  that 
it  certainly  answers  all  medical  requirements  ;  and  as  it  leaves  the  man  very 
free  and  unencumbered  in  his  movements,  it  does  away  entirely  with  the 
stiff  unmilitary  appearance  produced  by  the  old  plan. 

There  seems  only  one  sanitary  point  which  has  been  urged  against  this 
equipment,  and  that  is,  that  a  good  deal  of  the  back  is  covered,  and  that 
perspiration  collects  under  the  valise.  Whatever  equipment  be  used,  there 
must  be  retention  of  perspiration  under  the  covered  parts ;  this  is  inevitable, 
and  is  produced  by  any  knapsack.  The  valise  equipment  is  no  excei> 
tion  to  the  rule,  but  it  is  singular  how  little  perspiration  really  collects 
under  the  valise  if  the  man  knows  how  to  manage  it.  By  allowing  the 
top  of  the  valise  to  fall  back  half  an  inch,  a  space  is  left  between  the  greater 
part  of  the  valise  and  back,  which  allows  evaporation,  and  the  loins  are 
kept  cool.  On  the  march  also,  when  the  waist-belt  is  unbuckled,  both  the 
valise  and  greatcoat  hang  loosely  and  away  from  the  body,  and  evaporation 

^°The"principle  of  the  valise  equipment  will  probably  always  be  maintained, 
althonah  some  details  may  be  altered.  The  magazine  accoutrements, 
invented  by  Brigade-Surgeon  W.  S.  Oliver,  A.M.D.,  have  been  under  tnal 
some  time,  and  have  been  very  favourably  reported  upon.  Ihey  appear  o 
be  even  easier  than  the  valise  equipment,  and  are  less  complicated  in  their 
fitting's  :  they  provide  for  the  carriage  of  more  ammunition,  and  leave  tne 
back'freer  for  transpiration.  There  is  also  a  light  waterproof  cape,  which 
can  be  used  as  a  sheet  or  portion  of  a  shelter  tent. 

1  Reference  iriav  be  made  tothe  2nd  edition  of  this  work  for  figures  and  descriptions  of  the 
for  Infantry  Regiments,  Instructions  for  Fitting  tlie,  18/ 8. 
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SECTION  VII. 
WORK  OF  THE  SOLDIER. 

The  kind  and  amount  of  work  in  the  different  arms  of  the  service  is  so 
different  that  it  is  impossible  to  bring  it  under  one  general  description.  In 
the  artillery,  cleaning  horses,  guns,  carriages,  and  accoutrements,  and  gun 
drill;  in  the  cavalry,  cleaning  of  horses,  accoutrements,  and  drill  with,  the 
special  arm ;  in  the  infantry,  drill,  and  barrack  and  fatigue  duties,  and  the 
cleaning  of  arms  and  accoutrements,  are  all  kinds  of  work,  the  amount 
of  which  is  not  easy  to  estimate. 

Much  of  the  work  of  the  artillery  and  cavalry  is  highly  beneficial  to  them, 
and  the  fine  well-developed  muscles  show  that  all  parts  of  the  body  are 
properly  exercised.  Some  of  the  work  (such  as  gun  drill  or  sword  exercise) 
is  hard,  and  even  violent,  and  the  great  amount  of  aneurism  in  both  bodies  of 
men,  as  well  as  in  the  infantry,  has  led  to  the  idea  that  the  exercise  is  either 
too  severe,  or  is  performed  under  unfavourable  conditions,  such  as  heavy 
equipments  or  too  tight-fitting  clothes.  Although  violent  while  it  lasts,  it 
seems  questionable  whether  the  work  is  so  severe  as  that  which  many 
mechanics  undergo  without  injury ;  it  may,  however,  be  more  sudden  and 
rapid,  and  the  heart  may  be  brought  into  more  violent  action.  The  con 
ditions  under  which  the  work  is  done  are  certainly  less  favourable  than 
in  the  case  of  the  mechanic,  who  is  never  embarrassed  by  weights  or  tight 
clothes. 

In  the  infantry  the  amount  of  aneurism  is  slightly  below  that  of  the  other 
arms,  but  not  much  so.  The  hard  work  in  the  infantry  is  the  running  drill 
when  the  weights  are  carried,  bayonet  exercise,  and  long  marches ;  but  though 
severe,  it  is  not  so  excessive  as  to  lead  us  to  think  it  would  do  injury  to 
strong  men  if  all  circumstances  were  favourable. 

■  During  war  the  amount  of  labour  undergone  is  sometimes  excessive,  as  will 
be  clear  from  what  is  said  in  the  next  section,  and  in  the  rapid  campaigns  of 
modern  times,  very  young  and  weakly  men  are  soon  exhausted. 

A  soldier  requires  to  be  trained  for  the  ordeal  of  active  service,  and  this  is 
now  done  in  our  army  by --a  series  of  gymnastic  exercises  and  systematic 
marches,  intended  to  develop  every  muscle,  to  make  the  artillery  or  the 
cavalry  man  able  to  vault  on  his  horse,  and  the  foot  soldier  to  run  and  to 
escalade,  and  to  march  great  distances  without  fatigue. 

Gymnastic  Exercises. — All  military  nations  have  used  in  their  armies  a 
system  of  athletic  exercises.  The  Greeks  commenced  such  exercises  when 
the  increase  of  cities  had  given  rise  to  a  certain  amount  of  sedentary  life. 
The  Romans  began  to  use  athletic  training  in  the  early  days  of  the  Republic, 
entirely  with  a  view  to  military  efficiency.  The  exercises  were  continuous, 
and  were  not  alternated  with  periods  of  complete  idleness. 

The  officers  exercised  with  the  men.    At  a  later  day,  we  are  told  that 
Marius  never  missed  a  single  day  at  the  Campus  Martius;  and  Pompey  is  said 
by  Sallust  to  have  been  able  at  fifty-eight  years  of  age  to  run,  jump,  and  carry  * 
a  load  as  well  as  the  most  robust  soldier  in  his  army. 

Swimming  was  especially  taught  by  the  Romans,  and  so  essential  were  the 
gymnastic  exercises  deemed  that,  to  express  that  a  man  was  completely 
ignorant,  it  was  said  '*he  knew  neither  how  to  read  nor  swim."  The 
gymnastic  exercises  were  the  last  of  the  old  customs  which  disappeared  before 
the  increasing  luxury  of  the  latter  empire. 

In  the  feudal  times  the  practice  of  the  weapons  was  the  best  gymnastic 
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exercise ;  every  peasant  in  England  was  obliged  to  practise  with  the  bow ;  the 
noblemen  underwent  an  enormous  amount  of  exercise,  both  with  and  without 
arms,  and  on  foot  and  horseback. 

After  the  invention  of  gunpowder  the  qualities  of  strength  and  agility 
became  of  less  importance  for  the  soldier,  and  athletic  training  was  discon- 
tinued everywhere.  But  within  the  last  few  years  the  changing  conditions  of 
modern  warfare  have  again  demanded  from  the  soldier  a  degree  of  endurance 
and  of  rapidity  of  movement  which  the  wars  of  the  eighteenth  century  did 
not  require.  And  the  population  generally  of  this  country  have  of  late  years 
become  alive  to  the  necessity  of  compensating,  by  some  artificial  system  of 
muscular  exercise,  the  sedentary  life  which  so  many  lead. 

In  our  own  time,  the  first  regular  gymnasium  appears  to  have  been  estab- 
lished at  Schwefental,  in  Saxony,  by  Saltzmann,  with  a  view  of  giving  health 
to  the  body,  strengthening  certain  muscles,  and  remedying  deformities. 
About  sixty  years  ago  Ling  also  commenced  in  Sweden  the  system  of  move- 
ments which  have  made  his  name  so  celebrated.  Switzerland,  Spain,  and 
France  followed,  and  of  late  years  in  Germany  many  gymnastic  societies 
(Turner-Yerein)  have  been  founded  in  almost  all  the  great  cities,  and  the  litera- 
ture of  gymnasticism  is  now  a  large  one.  lu  our  own  country,  the  outdoor 
and  vigorous  life  led  by  the  richer  classes,  and  by  many  working  men, 
rendered  this  movement  less  necessary,  but  of  late  years  societies  have 
been  formed,  gymnasia  established,  and  athletic  sports  encouraged  in  many 
places. 

Among  armies,  the  Swedish  and  Prussian  were  the  first  to  attempt  the 
physical  training  of  their  soldiers.  France  followed  in  1845,  and  ever  since 
a  complete  system  of  gymnastic  instruction  has  been  carried  on  in  the  French 
army,  and  a  military  gymnastic  school  exists  at  Vincennes,  where  instructors 
for  the  army  are  taught. 

In  the  English  army  this  matter  attracted  less  attention  until  after  the 
Crimean  war,  when  the  establishment  of  gymnasia  as  a  means  of  training  and 
recreation  were  among  some  of  the  many  reforms  projected  by  Lord  Herbert. 
In  1859  General  Hamilton,  and  Sir  G.  Logan,  lately  Director- General  of  the 
Army  Medical  Department,  were  sent  over  to  inspect  the  systems  in  use  on 
the  Continent,  and  presented  a  very  interesting  Eeport,  which  was  subse- 
quently published.  A  grant  of  money  was  immediately  taken  for  a  gymnasium 
at  Aldershot,  and  this  has  now  been  in  operation  for  several  years,  under 
the  direction  of  Colonel  Hammersley,  with  most  satisfactory  residts.  Gym- 
nasia are  now  ordered  to  be  built  at  all  the  large  stations,  and  a  complete 
code  of  instructions,  drawn  up  by  Mr.  Maclaren  of  Oxford,  is  published  by 
authority.  1 

The  instructions  have  two  great  objects— Is^,  To  assist  the  physical  develop- 
ment of  the  recruit ;  Ind,  To  strengthen  and  render  supple  the  frame  of  the 
trained  soldier.  Every  recruit  is  now  ordered  to  have  three  months'  gymnastic 
training  during  (or,  if  judged  expedient  by  a  medical  officer,  in  lieu  of  part  of) 
his  ordinary  driU.  Two  months  are  given  before  he  commences  rifle  practice 
and  one  month  afterwards.  This  training  is  superintended  by  a  medical 
officer,  who  will  be  responsible  that  it  is  done  properly,  and  who  wiU  have 
the  power  to  continue  the  exercises  beyond  the  prescribed  time,  if  he  deems 
it  necessary.  The  exercise  for  the  recruit  is  to  last  only  one  hour  a  day,  and 
in  addition  he  will  have  from  two  to  three  hours  of  ordinary  drdl. 


1  Gymnastic  Exercises,  .t-c,  1877.    Mr.  Maclaren  1ms  also 
great  utility  ;  a  S,/stem  of  Training  and  Physical  Education.    This  last  woik  should  be  in  the 
hands  of  every  one. 
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The  trained  infantry  soldier  is  ordered  to  go  thcough  a  gymnastic  course 
of  three  months'  duration  every  year,  one  hour  being  given  every  other  day. 
The  cavahy  soldier  is  to  be  taught  fencing  and  sword  exercise  in  lieu  of 
gymnastics. 

The  Code  of  Instructions  drawn  up  by  Mr.  Maclaren  consists  of  two  parts, 
elementary  and  advanced  exercises.  The  exercises  have  been  arranged  with 
very  great  care,  and  present  a  progressive  course  of  the  most  useful  kind. 
The  early  exercise  commences  with  walking  and  running  ;  leaping,  with  and 
without  the  pole,  follows  ;  and  then  the  exercises  with  apparatus  commence, 
the  order  being  the  horizontal  beam,  the  vaulting  bar,  and  the  vaulting  horse. 
All  these  are  called  exercises  of  progression.  The  elementary  exercises  follow, 
viz.,  with  the  parallel  bars,  the  pair  of  rings,  the  row  of  rings,  the  elastic 
ladder,  the  horizontal  bar,  the  bridge  ladder,  and  the  ladder  plank.  Then 
follow  the  advanced  exercises  of  climbing  on  the  slanting  and  vertical  pole, 
the  slanting  and  vertical  rope,  and  the  knotted  rope. 

Finally,  the  most  advanced  exercises  consist  of  escalading,  first  against  a 
wall,  and  then  against  a  prepared  building. 

In  the  French  army  swimming  and  singing  are  also  taught.  Both  are  very 
useful;  the  singing  is  encouraged,  not  as  a  matter  of  amusement  (though  it 
is  very  useful  in  this  way),  but  as  a  means  of  improving  the  lungs. 

Swimming  should  be  considered  an  essential  part  of  the  soldier's  educa- 
tion, and  it  is  probable  that  it  will  be  systematically  taught  in  the  English 
army. 

Kobert  Jackson  very  strongly  recommended  that  dancing  should  be  taught 
and  encouraged.  There  is  sound  sense  in  this;  a  spirited  dance  brings  into 
play  many  muscles,  and  in  a  well-aired  room  is  as  good  an  exercise  as  can  be 
taken,    It  would  also  be  an  amusement  for  the  men. 


Duties  of  the  Officer  in  the  Chjmnasium. 

The  Medical  Regulations  order  the  inspecting  medical  officer  and  surgeon 
to  visit,  and  advise  on  the  kind  and  amount  of  gymnastic  exercises.  The 
Queen's  Regulations  (section  10,  para.  8)  order  a  strict  medical  examination 
of  each  man  before  the  instruction  is  commenced.  During  the  course  further 
inspections  are  to  be  made — of  the  recruits  once  a  fortnight,  of  trained 
soldiers  monthly.  The  measurements  of  the  recruit  are  also  to  be  taken 
under  the  direction  of  the  medical  officer.  The  following  points  should  be 
attended  in  regard  to — 

1.  Recruits. — The  recruit  is  inspected  from  time  to  time,  to  see  if  the 
system  agrees  with  him. 

^  (rt)  Weight.— ThQ  weight  of  the  body  should  be  ascertained  at  the  begin- 
ning and  end  of  the  course,  and  during  it,  if  the  recruit  in  any  way  complains. 
With  sufficient  food  recruits  almost  always  gain  in  weight,  therefore  any  loss 
of  weight  should  at  once  call  for  strict  inquiry.  It  may  be  the  recruit  is 
being  overdone,  and  more  rest  may  be  necessary.  But  in  order  to  avoid  the 
greatest  error,  the  weights  must  be  carefully  taken;  if  they  are  taken  at  all 
times  of  the  day,  without  regard  to  food,  exercise,  &c.,  accuracy  is  impossible- 
tliere  may  be  2  lb  or  3  ft  variation.  The  physiological  practice  durinc^ 
experiments  is  to  take  the  weight  the  first  thing  in  the  mornin<:r  befor? 
breakfast,  and  after  emptying  the  bladder.  If  it  cannot  be  done  at  this  time 
scarcely  any  reliance  can  be  placed  on  the  result.  Food  alone  may  raise  the 
weight  2  lb  or  3  lb,  and  we  cannot  be  sure  that  the  same  quantity  of  food  is 
taken  daily.  The  clothes,  also,  must  be  remembered;  men  should  be  weic^hed 
naked  if  possible,  if  not,  in  their  trousers  only,  and  always  in  the  same  duress 
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(b)  Heujlit. — This  is.  usually  taken  iu  the  erect  position.  Dr.  Aitken^ 
•recommends  it  to  be  taken  when  the  body  is  stretched  on  a  horizontal  plane. 
A  series  of  experiments  on  both  plans  would  be  very  desirable. 

(c)  Girth  of  Chest. — The  chest  is  measured  to  ascertain  its  absolute  size, 
;md  its  amount  of  expansion. 

It  is  best  measured  when  the  man  stands  at  attention,  with  the  arms 
hanging ;  and  the  tape  should  pass  round  the  nipple  line.  The  double  tape 
(the  junction  being  placed  on  the  spine)  is  a  great  improvement  over  the 
single  tape,  as  it  measures  the  sides  separately,  and  with  practice  can  be  done 
as  quickly. 

The  chest  should  be  measured  in  the  fullest  expiration  and  fullest  inspim- 
tion.    If  the  chest  is  measured  with  the  arms  extended,  or  over  the  head, 
the  scapulce  may  throw  out  the  tape  from  the  side  of  the  chest. 
■    {d)  The  Inspiratory  Power,  as  expressed  by  the  spirometer,  may  also  Ije 
employed. 

(e)  Growth  of  Muscles. — This  is  known  by  feeling  the  muscles  when 
relaxed  and  in  action,  and  by  measurements.  The  measurement  of  the  upper 
arm  should  be  taken  either  when  the  arm  is  bent  over  the  most  prominent 
part  of  the  biceps,  or  over  the  thickest  part  when  the  arm  is  extended. 

(/)  General  Condition  of  Health. — ^Digestion,  sleep,  complexion,  &c.  The 
recruit  should  also  be  inspected  during  the  time  of  exercise,  to  watch  the 
effect  on  his  heart,  lungs,  and  muscles.  In  commencing  training  the  great 
point  is  to  educate,  so  to  speak,  the  heart  and  lungs  to  perform  suddenly, 
without  injury,  a  great  amount  of  work.  To  do  this  there  is  notliing  better 
than  practice  in  running  and  jumping.  It  is  astonishing  what  effect  this  soon 
has.  If  possible,  the  increase  in  the  number  of  respirations  after  running  200 
or  300  yards  should  be  noted  on  the  first  day,  as  this  gives  a  standard  by 
which  to  judge  of  the  subsequent  improvement.  But  as  it  would  be  impossible 
and  a  waste  of  time  to  do  this  with  all  the  men,  directly  the  run  is  ended 
the  men  should  range  in  line,  and  the  medical  officer  should  pass  rapidly 
down  and  pick  out  the  men  whose  respiration  is  most  hurried.  In  all  the 
exercises  the  least  difficulty  of  respiration  should  cause  the  exercise  to  be 
suspended  for  four  or  five  minutes.^  The  heart  should  be  watched;  the 
characters  indicating  the  necessity  for  rest  or  easier  work  are  excessive  rapidity 
(130-160),  smallness,  inequality,  and  irregularity. 

Soreness  of  muscles  after  the  exercise,  or  great  weariness,  should  be  mquired 
into.  It  would  be  well  every  now  and  then  to  try  the  inguinal  and  femoral 
rings  during  exertion  and  coughing.  i.    ■    4.  f 

One  very  important  part  in  gymnastic  training  depends  on  the  instructor. 
A  good  instructor  varies  the  work  constantly,  and  never  urges  a  man  to 
undue  or  repeated  exertion.  If  the  particular  exercise  cannot  be  done  by 
any  man  it  should  be  left  for  the  time.  Anything  like  urguig  or  jeering  by 
the  rest  of  the  men  should  be  strictly  discountenanced.  The  instructor  should 
pass  rapidly  from  exercise  to  exercise,  so  that  a  great  variety  of  muscles  may 
be  brought  into  play  for  a  short  time  each,  and  as  the  men  work  in  classes, 
and  aU  cannot  be  acting  at  once,  there  is  necessarily  a  good  deal  of  rest 
The  grand  rule  for  an  instructor  is,  then,  change  of  work  and  sufficient 

In  the  case  of  a  recruit  who  has  not  been  used  to  much  physical  exertion, 

1  On  the  Oroioth  of  the  Recruit,  p.  68.  , .     ,  j  +1,^  vprv  CTadual  increase  of 

2  In  the  training  of  horses  the  points  always  attended  to  ^^-t'^fj^^'^^^^^^^^^  the 
the  exercise  ;  gentle  walking  is  persevered  in  for  a  long  time,  then  ^jow  '  1,0^ 
horse  gains  ^ind  and  strenith,  quicker  gallops;  but  the  "f;„^;.^''rVdJ^^  by 
would  be  dismissed  from  a  stable  if  it  were  known  that  the  horse  he  Avas  riding  sno^^ea,  j 
sighing,  or  in  any  other  way,  that  the  speed  was  too  great  lor  him* 


DRILLS  AND  MARCHES. 


587 


the  greatest  care  must  be  taken  to  give  plenty  of  rest  during  the  exercises. 
There  may  even  seem  to  be  an  undue  proportion  of  rest  for  the  first  fortnight, 
but  it  is  really  not  lost  time.  The  medical  officer  is  only  directed  to  visit  the 
gymnasium  once  a  fortnight,  but  during  the  first  fortnight  of  the  training  of  a 
batch  of  recruits  he  should  visit  it  every  day. 

With  proper  care  men  are  very  seldom  injured  in  gymnasia.  Dr.  Parkes 
was  informed  at  Vincennes  that,  though  they  did  not  take  men  unless  they 
were  certified  as  fit  by  a  medical  officer,  they  occasionally  got  men  with 
"delicate  chests,"  though  not  absolutely  diseased.  These  men  always 
improved  marvellously  during  the  six  months  they  remained  at  Vincennes, 
In  fact,  a  regulated  course  of  gymnastics  is  well  known  to  be  an  important 
remedial  measure  in  threatened  phthisis.  Hernia  is  never  caused  at  Vincennes 
iN'or  does  it  appear  that  any  age  is  too  great  to  be  benefited  by  gymnastics, 
though  in  old  men  the  condition  of  the  heart  and  vessels  (as  to  rigidity) 
should  be  looked  to. 

Trained  Soldiers. — There  is  less  occasion  for  care  with  these  men;  they 
should,  however,  be  examined  from  time  to  time,  and  any  great  hurry  of 
respiration  noted.  The  man  should  be  called  out  from  the  class,  his  heart 
examined,  and  some  relaxation  advised  if  necessary. 


Drills  and  Marches. 

In  drill,  and  during  marches,  the  movements  of  the  soldiers  are  to  a  certain 
extent  constrained.  In  the  attitude  of  "attention"  the  heels  are  close 
together,  the  toes  turned  out  at  an  angle  of  60°,  tbe  arms  hang  close  by  the 
sides,  the  thumbs  close  to  the  forefingers,  and  on  a  line  with  the  seam  of  the 
trousers.  The  position  is  not  a  secure  one,  as  the  basis  of  support  is  small, 
and  in  the  manual  and  platoon  exercise  the  constant  shifting  of  the  weight 
changes  the  centre  of  gravity  every  moment,  so  that  constant  muscular  action 
is  necessary  to  maintain  the  equilibrium.  Men  are  therefore  seldom  kept  long 
under  attention,  but  are  told  to  "  stand  at  ease"  and  "stand  easy,"  in  which 
cases,  and  especially  in  the  latter,  the  feet  are  farther  apart  and  the  muscles 
are  less  constrained. 

In  marching  the  attitude  is  still  stiff"— it  is  the  position  of  attention,  as  it 
were,  put  into  motion.  The  slight  lateral  movement  which  the  easy  walker 
makes  when  he  brings  the  centre  of  gravity  alternately  over  each  foot,  and 
the  sbght  rotatory  motion  which  the  trunk  makes  on  the  hip-joint,  is  restrained 
as  far  as  it  can  be,  though  it  cannot  be  altogether  avoided,  as  is  proved  by 
observing  the  light  swaying  motion  of  a  line  of  even  very  steady  men  marching 
at  quick  time.  Marching  is  certainly  much  more  fatiguing  than  free  walking  ; 
and  m  the  French  army,  and  by  many  commanding  officers  iu  our  own,  the 
men  are  allowed  to  walk  easily  and  disconnectedly,  except  when  closed  up  for 
any  special  purpose.  This  may  not  look  so  striking  to  the  eye  of  a  novice, 
but  to  the  real  soldier,  whose  object  is  at  the  end  of  a  long  march  to  have  his 
men  so  fresh  that,  if  necessary,  they  could  go  at  once  into  action,  such  easy 
marching  is  seen  to  be  really  more  soldier-like  than  the  constrained  attitudes 
which  lead  so  much  sooner  to  the  loss  of  the  soldier's  strength  and  activity. 

In  walking,  the  heel  touches  the  ground  first,  and  then  rapidly  the  rest  of 
the  foot,  and  the  great  toe  leaves  the  ground  last.  The  soldier,  in  some 
countries,  is  taught  to  place  the  foot  almost  flat  on  the  ground  but  this  is  a 
mistake,  as  the  body  loses  in  part  the  advantage  of  the  buff-er-like  mechanism 
ot  the  heel.  The  toes  are  turned  out  at  an  angle  of  about  30°  to  45°  and  at 
each  step  the  leg  advances  forward  and  a  little  outward ;  the  centre  of  sravitv 
which  18  between  the  navel  and  the  pubis,  about  in  a  line  with  the  promontory 
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of  the  sacrum  (Weber),  is  constantly  shifting.  It  has  been  supposed  that  it 
Avould  be  of  advantage  to  keep  the  foot  quite  straight,  or  to  turn  the  toes  a 
little  in,  and  to  let  the  feet  advance  almost  in  a  line  with  each  other.  But 
the  advantage  of  keeping  the  feet  apart  and  the  toes  turned  out,  is  that,  first, 
the  feet  can  advance  in  a  straight  line,  which  is  obviously  the  action  of  the 
great  vasti  muscles  in  front  of  the  thigh ;  and,  second,  when  the  body  is 
brought  over  the  foot,  the  turned-out  toes  give  a  much  broader  base  of  support 
than  when  the  foot  is  straight.  The  spring  from  the  great  too  may  perhaps 
be  a  little  greater  when  the  foot  is  straight  (although  this  is  doubtful,  and 
there  seems  no  reason  why  the  gastrocnemii  and  solei  should  contract  better 
in  this  position),  but  there  is  a  loss  of  spring  from  the  other  toes.  Besides 
this,  it  has  been  shown  by  Weber  that  when  the  leg  is  at  its  greatest  length, 
i.e.,  when  it  has  just  urged  the  body  forward,  and  is  lifted  from  the  ground, 
it  falls  forward  like  a  pendulum  from  its  own  weight,  not  from  muscular 
action,  and  this  advance  is  from  within  and  behind  to  without  and  before,  so 
that  this  action  alone  carries  the  leg  outwards. 

The  foot  should  be  raised  from  the  ground  only  so  far  as  is  necessary  to 
clear  obstacles.  Formerly,  in  the  Russian  Imperial  Guard,  the  men  were 
taught  to  march  with  a  peculiar  h'gh  step,  the  knee  being  lifted  almost  to  a 
level  with  the  acetabulum.  The  effect  was  striking,  but  the  waste  of  power 
was  so  great  that  long  marches  were  impossible,  and  this  kind  of  marching 
is  now  given  up.  The  foot  should  never  be  advanced  beyond  the  place 
where  it  is  to  be  put  down ;  to  do  so  is  a  waste  of  labour. 

In  the  English  army  the  order  is  as  follows  : — 

Length  and  Nuinber  of  Steps  in  Marching. 


Kind  of  Step. 


Slow  time, 
Quick  time,  . 
Stepping  out. 
Double, 
Stepping  short. 
Side  step, 

or  when 
Forming  four  deep, 
Stepping  back, 


Length. 

No.  per  Minute. 

Ground  Traversed 
per  Mhiute. 

Ground  Traversed 
per  Hour  with- 
out Halts. 

Inches. 

Feet. 

Miles. 

30 

75 

1874 

2-1 

30 

116 

290 

3-3 

33 

110 

303i 

3-4 

33 

165 

4531 

5-157 

21 

12 

24 

30 

The  "  double  "  is  never  continued  very  long  j  it  is  stopped  at  the  option 
of  the  commanding  officer.  In  the  French  array  it  is  ordered  not  to  be  con- 
tinued longer  than  twenty  minutes.  At  the  double  (if  without  arms),  the 
fores  rms  are  held  horizontally,  the  elbows  close  to  the  side ;  if  the  rifle  is 
carried,  one  arm  is  so  held.  Tliere  is  an  advantage  in  this  attitude,  as  the 
arms  are  brought  into  the  position  of  least  resistance ;  more  hxed  points  are 
given  for  the  muscles  of  respiration,  and  the  movement  of  the  arms  and 
shoulders  facilitates  the  rapid  shifting  of  the  centre  of  gravity. 

Quick  titne  is  always  used  in  drills  and  marching.  The  ground  got  over 
per  hour  is  generally  reduced  by  halts  to  2-8  miles.  _ 

Eunning  driU  has  been  introduced  of  late  years;  it  is  not  carried  beyond 
1000  yards,  and  the  men  are  gradually  brought  up  to  this  amount  ihe 
pace  is  not  to  exceed  6  miles  an  hour.  Weakly  men  (it  considered  unht 
by  the  medical  officers)  are  to  be  excused.^ 

In  the  French  army  the  length  of  the^stepjsrather  different.   

1  {Queen's  Reg.,  section  10,  para.  25a). 
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French  Steps  in  English  Measures  {Morache,  1874). 


Length  of  Step 
in  inclies. 

Steps  per  Minute. 

Ground  Traversed 
per  Minute  in 
Kect. 

Ground  Traversed 
per  Hour  in  Miles. 

Pas  ordinaire ) 
(now  seldom  > 
used),    .       .  ) 

Pas  de  route,  . 

Pas  accelere, 

Pas  de  charge,  . 

26 

76 

164 

1-86 

26 
26 
29-5 

90 
110 
120 

195 
238 
295 

2-22 

2-  70 

3-  35 

Pas  maximum  ) 
(gymnastique),  \ 

32-5 

165 

449 

5-10 

The  French  step  is  therefore  4  inches  shorter  than  the  English ;  this  is 
perhaps  because  the  men  are,  as  a  rule,  shorter.  The  Prussian  and  the 
Bavarian  step  is  31^  inches  long,  and  112  steps  are  taken  per  minute. 

The  exact  length  of  the  step,  and  the  number  per  minute,  are  very  im- 
portant questions.  The  object  of  the  soldier  is  to  get  the  step  as  long,  and 
the  nuniber  per  minute  as  great,  as  possible,  without  undue  fatigue,  so  as  to 
get  over  the  greatest  amount  of  ground. 

The  quickest  movement  of  the  leg  forward  in  walking  has  been  shown  by 
Weber  to  correspond  very  closely  with  half  a  pendulum  vibration  of  the  leg, 
and  to  occupy  on  an  average,  0-357  seconds;  this  would  give  168  steps  per 
minute,  supposing  the  one  foot  left  the  ground  when  the  other  touched  it. 
This  is  much  quicker  than  the  army  walking  step  (the  double  is  a  run),  and 
no  doubt  much  quicker  than  could  long  be  borne,  since,  with  a  step  of  onlj^ 
30  inches,  it  would  give  nearly  5  miles  per  hour  ;  but  it  may  be  a  question 
whether,  with  men  in  good  condition,  the  pace  might  not  be  increased  to  130 
per  minute.  Practical  trials,  however,  with  soldiers  carrying  arms  and 
accoutrements,  can  alone  decide  this  point. 

The  length  of  the  step  of  an  average  man  has  been  fixed  by  the  Brothers 
"Weber  at  about  28  inches.  In  individual  cases,  it  depends  entirely  on  the 
length  of  the  legs.  Robert  Jackson  considered  30  inches  as  too  long  a  step 
for  the  average  soldier,  and  suggested  27  inches.  It  is  of  great  importance 
not  to  lessen  the  length  too  much,  and  it  would  be  very  desirable  to  have  some 
well-conducted  experiments  on  this  point.  The  steps  must  be  shorter  if 
weights  are  carried  than  Mdthout  them;  a  little  consideration  shows  how  this 
is  :  When  a  man  walks,  he  lifts  his  whole  body  and  propels  it  forward,  and 
in  doing  so  the  point  of  centre  of  gravity  describes  a  circular  motion,  in  the 
form  of  an  arc  about  the  foot.  The  less  the  body  is  raised,  or,  in  other  words 
the  shorter  the  versed  sine  of  the  arc,  the  less  of  course  the  labour.  In  long 
steps  the  arc,  and  of  course  the  versed  sine,  or  height  to  which  the  body  is 
raised,  are  greater;  in  short  steps,  less.i  It  is  probable,  with  the  weight 
the  soldier  carries  (60  lb),  the  step  of  30  inches  is  quite  long  enough,  perhaps 
even  too  long ;  and  it  would  be  desirable  to  know  if,  after  a  march  of  six  or 
eight  miles,  the  steps  do  not  get  shorter. 

In  the  French  army  tlie  march  is  commenced  at  the  pas  de  route  (90  steps 
per  minute);  then  accelerated  to  110  steps;  during  the  last  half -hour  100  steps 
are  returned  to.   But  the  soldiers  themselves  often  set  the  step ;  the  f^renadiers 


1  The  Brothers  Weber,  however,  have  shown  that  the  angle  at  which  the  bodv  iq  bp,i+  i 

resistance  are  not  affected  by  the  length  of  step,  provided  ile 


velocity  remains  the  same 
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and  tlio  voltigeurs  alternately  leading.  Four  kilometres  {  =  2^  miles)  per  hour 
is  considered  a  good  general  average  (Moracli). 

The  soldier,  in  this  country,  when  he  marches  in  time  of  peace  in  heavy 
order,  carries  his  pack,  kit,  haversack,  water-bottle,  greatcoat,  rifle,  and 
ammunition  (probably  twenty  rounds).  In  India  he  does  not  carry  his  pack 
or  greatcoat. 

There  is  a  very  general  impression  that  the  best  marchers  are  men  of  middle 
size,  and  that  very  tall  men  do  not  march  so  well. 

Length  of  the  March. — In  "  marching  out "  in  time  of  peace,  which  is 
done  once  or  twice  a  week  in  the  winter,  the  distance  is  8  or  10  miles. ^  In 
marching  on  the  route  or  in  war,  the  distance  is  from  10  or  12  miles  to 
occasionally  18  or  20,  but  that  is  a  long  march.  A  forced  march  is  any 
distance — 25  to  30,  and  occasionally  even  40  miles  being  got  over  in  twenty- 
four  hours.  In  the  French  army  the  length  of  march  is  from  20  to  26 
kilometres  (12|  to  15  miles).  In  the  Prussian  army  the  usual  march  is 
14  miles  (English);  if  the  march  is  continuous,  there  is  a  halt  every  fourth 
day. 

'Conditions  rendering  Mar  dies  Sloioer.—The  larger  the  body  of  men  the 
slower  the  march  ;  14  miles  will  be  done  in  six  or  seven  hours  by  two  or  three 
regiments,  but  not  under  eight  or  nine  hours  by  8000  or  10,000  men.  A 
large  army  will  not  go  over  14  miles  under  ten  hours  usually.  A  single 
re"1ment  can  do  20  miles  in  eight  hours,  but  a  large  army  will  take  twelve  or 
fourteen,  including  halts.  Head  winds  greatly  delay  marches  ;  a  very  strong 
wind  acting  on  a  body  of  men  will  cause  a  difference  of  20  to  25  per  cent., 
or  only  4  miles  will  be  got  over  instead  of  5. 

Snow  and  rain,  without  head  wind,  delay  about  10  to  15  per  cent.,  or  4^ 

miles  are  done  instead  of  5.  ■      ^  j 

Of  course  bad  or  slippery  roads,  deep  sands,  heavy  snows,  jungle  and 
brushwood,  are  often  acting  against  the  soldier,  and  in  hilly  and  jungly 
countries  only  5  or  6  miles  may  be  got  over  in  a  day. 

Conditions  adding  to  the  Fatigue  of  Marc/ww.^  --Heat-dust -thirst- 
constant  halts  from  obstructions-want  of  food-bad  weather,  especially  head 
winds  with  rain.  In  order  to  avoid  heat  and  dust,  it  is  desirable,  when  it 
can  be  done,  to  separate  the  cavalry  and  artillery  from  the  infantry .;  to  let 
the  latter  march  in  open  order,  and  with  as  large  a  front  as  possible. 

Instances  of  Marches  during  War.-li  is  most  important  for  a  soldier  to 
know  what  has  been  done  and  what  can  be  done  with  a  large  body  of  foot 
soldiers,  and  it  is  scarcely  less  interesting  to  the  physiologist.  In  comparing 
he  marclies  of  infantry,  it  must  always  be  remembered  how  great  an  effect 
incrSsinc.  the  number  of  men  has  in  lessening  the  rapidity  and  length  of  a 
marcTaSd  in  increasing  the  fatigue.  No  large  army  has  ever  made  the 
marches  small  bodies  of  troops  have  done.  i 
"  I"  the  fatigue  undergone  by  trained  men  ha.  been  somethrng  almo 
incredible  WoUe  mentions  in  one  of  his  letters  that  in  17«,  just  delore 
he  baWe  of  Dettingen,  his  regiment  -^'^^'^^f.^r"^  ;  T/aS 

1  qu^n's  Regulations  (1881.  section  16,  para.  30).    See  also  Field  Exercise  (1877). 


MAKCHES  DUKING  WAR. 


591 


in  all,  a  weight  of  between  50  Jb  and  60  Bb.^  There  were  only  seventeen 
stragglers.  The  men  had  been  well  trained  in  marching  during  the  previous 
month. 

One  of  these  regiments — the  52nd — made  in  India,  in  1857,  a  march  nearly 
as  extraordinary.  In  the  height  of  the  mutiny,  intelligence  reached  them  of  the 
locality  of  the  rebels  from  Sealkote.  The  52nd,  and  some  artillery,  started  at 
night  on  the  10th  of  July  1857  from  Umritzur,  and  reached  Goodasepore,  42 
miles  oflf,  in  twenty  hours,  some  part  of  the  march  being  in  the  sun.  On  the 
following  morning  they  marched  10  miles,  and  engaged  the  mutineers.  They 
were  for  the  first  time  clad  in  the  comfortable  grey  or  dust-coloured  native 
khakee  cloth. 

A  march  of  a  small  party  of  Erench  was  narrated  by  an  officer  of  the  party, 
who  was  afterwards  wounded  at  Sedan,  to  Dr.  Frank.  A  company  of  a 
regiment  of  Chasseurs  of  Macmahon's  army,  after  being  on  grand  guard, 
without  shelter  or  fire,  during  the  rainy  night  of  the  5th-6th  August  1870, 
started  at  three  in  the  morning  to  rejoin  its  regiment  in  retreat  on  Mederbronn, 
after  the  battle  of  Weissenburg.  It  arrived  at  this  village  at  3.30  in  the 
afternoon,  and  started  again  for  Phalsbourg  at  six  o'clock.  The  road  was 
across  the  hills,  and  along  forest  tracts,  which  were  very  difficult  for  troops. 
It  arrived  at  Phalsbourg  at  8.30  o'clock  in  the  evening  of  the  next  day.  The 
men  had,  therefore,  marched  part  of  the  night  of  the  5th-6th  August,  the 
day  of  the  6th,  the  night  of  the  6th-7th,  and  day  of  the  7th  till  8.30  p.m. 
The  halts  were  eight  minutes  every  hour,  from  3.30  to  6,  one  hour  in  the 
night  of  the  6th-7th,  and  2|-  hours  on  the  7th.  Altogether,  including  the 
halts,  the  march  lasted  41|  hours,  and  the  men  must  have  been  actualfy  on 
their  feet  about  thirty  hours,  in  addition  to  the  guard  duty  on  the  night 
before  the  march.  ^ 

An  officer  of  a  Saxon  Eusiher  regiment  gave  the  following  statement 
of  a  forced  march  in  one  of  the  actions  at  Metz,  in  1870.  The  regiment 
was  alarmed  at  midnight  and  marched  at  one  a.m.  j  and  continued  marching 
with  halts  until  7  p.m.;  they  bivouacked  for  the  night,  marched  at  7  the  next 
morning,  came  into  action  at  1.30,  and  in  the  evening  found  themselves  15 
kilometres  beyond  the  field  of  battle.  The  total  distance  was  53^:  miles  in 
about  forty-two  hours,  with  probably  fifteen  hours'  halt. 

Roth  mentions  that  the  18th  division  of  the  Saxon  army  in  the  various 
manoeuvres  about  Orleans  marched,  on  the  16th  and  17th  December  1870,  54 
English  miles. 

Von  der  Tann's  Bavarian  army,  in  retreat  on  Orleans,  marched  42  miles  in 
twenty-six  hours. 

_  These  were  all  forced  marches  for  the  purpose  of  coming  into  action  or  retir- 
ing after  discomfiture.  Apart  from  the  Peninsular  Light  Division  march  ther 
show  that  m  two  days  and  one  night  a  small  body  of  men  may  cover  54 
^nglish  miles,  and  that  is  probably  near  the  limit  of  endurance.  The  Light 
Uivision  march  is  so  excessive  (62  miles  in  twenty-six  hours,  or  2-38  miles 
every  hour  without  reckoning  halts),  that  it  may  be  doubted  if  the  distance 
was  properly  reckoned.^ 


1  Napier's  War  in  the  Peninsula,  3rd  edit.  vol.  ii.  p  400  •  Moorsom's  Vprr^ri  ti  ko  ^ 
RegiTttent,  p.  115.  Both  authors  st'ate  that  the  men  ci;ried  be  Wn  50  ft  and  filfft  '  M"'^ 
extraordmary  march,  but  there  seems  a  little  doubt  of  this.  the  PenLl^  S^^^^^^ 

S  rrf*^  bags  weighing  about  2  lb,  and  not  framed  packs,  and  their  kL  S^re  v^rvl^^^  . 

?  °f  t^"^"  "^^'^^  to  Surgeon-General  Longmore  told  hh^  ^h?^  ''''*7- 

earned  a  shirt  and  a  spare  pair  of  either  boots  or  soles  Hrsaw  th'p  ^pt,  ouiy 
I'^^^^.^^Sy  also  they  would  not  carry  their-  full  amnSion  *  '  "^'^ 

^r^f^£P':ii:i^^^^ss:^^        ^^^^  ^-^ 
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Wlieh  a  large  army  moves  it  has  never  accomplished  such  distances. 

In  1806  the  French  army  marched  on  one  occasion  49  kilometres,  or  301^ 
miles.  On  the  15th  June  1815,  Napoleon  made  a  forced  march  to  surprise 
the  Prussians  and  EngUsh,  but  only  accomplished  30  kilometres  or  18|  miles. 

In  Sherman's  celebrated  march  across  the  Southern  States  the  daily  distance 
Avas  about  14  miles.  When  the  Prussians  advanced  on  Vienna,  after  the 
battle  of  Koniggrlitz  in  1866,  they  accomplished  almost  the  same,  and  had 
also  outpost  dnty  every  other  night 

The  Russians  marched  in  the  expedition  to  Khiva,  in  1873,  468-7  miles 
(English)  in  89  days,  but  as  actual  marching  was  done  only  on  44  days,  the 
average  daily  march  was  (468-7 -=-44)  10-65  miles;  the  longest  march  was 
26  ''  miles.  ■'^ 

Macmahon's  army,  in  its  march  to  relieve  Bazaine  at  Metz,  could  only 
accomplish  about  10  miles  daily,  while  the  Crown  Prince  of  Prussia  in  pursuit 

was  far  more  rapid.  ^  -o  •  ■,    r  j 

After  Sedan,  the  Prussian  and  Saxon  troops  pushed  on  to  Pans  by  torced 
marches,  and  accomplished  on  an  average  35  kilometres,  or  21|  mHes,  daily, 
and  they  marched  on  some  days  42  to  45  kilometres  (26  to  28  miles) ;  they 
started  at  five  or  six,  and  were  on  their  ground  from  four  to  eight  o'clock,  the 
average  pace  being  5  kilometres  (3-1  miles)  per  hour. 

In  the  Indian  mutiny  several  regiments  marched  30  miles  a  day  for  several 

*^^When  marches  are  continued  day  after  day,  an  average  of  about  20  miles 
may  be  expected  from  men  for  two  or  three  weeks,  after  which,  probably,  the 

amount  would  lessen.  x.   •  i    ^.t,      4.  i 

It  is  difficult  to  estimate  the  labour  of  such  marches,  as  besides  the  actual 
march  there  is  often  work  in  fetching  water,  cooking,  pitching  tents,  sentry, 
outpost,  and  picket  duty,  &c.  As  20  mUes  a  day  with  60  S)  ^ejght  is 
equivalent  to  lifting  495  tons  one  foot,  and  there  is  always  additional  woik 
to  be  done,  it  is  clear  that  the  labour  is  excessive,  and  must  be  prepared  for, 
and  that  during  the  time  the  men  must  be  well  fed.  ,  , 

In  marching  long  distances,  the  extent  of  the  marches,  the  halting  grounds, 
(%c   are  fixed  bv  the  Quartermaster-General's  department. 

Occ^ionafly  L  march  has  bee.  divided,  one  part  being  done  m  the  ear  y 
mornin!.,  and  the  remainder  late  in  the  afternoon  It  is,  however  better  to 
Sake  ftL  march  continuous,  and,  if  necessary,  to  lengthen  the  mid-day  halt^ 

o'rrVjtf»-''--Whcnever  possible,  it  seems  desirable  to  march  m  open 

squadrons  (Coxe's  L^cj/ Marlboroiigh  v.W^^  ,        rapidity  of  advance  for  such 

published  in  the  London  Gazette  JSf^-.o^S  and  much  of  this  under  a  more  than 
bSfhS  ria;nh»  et.Vor&8  General  Whitlock  marched  86  mdes 

miles.   Captain  Rennie's  force  also  marched  40    Je^  Peshawur  to  Delhi,  580 

Captain  Carleton  states  that  Daly's  Guide  Corps  maiched  1^^^^^^^^        also  says  that  the  1st 
miles,  in  22  days.    Sir  Hope  Grant  says  / 50  miles  in  -S  Hays. 
Bengal  Fusiliers  (European)  marched  68  miles  in  38  hours. 
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overcrowding  in  barracks ;  and  the  Medical  Board  of  Bengal,  in  accordance 
with  this  opinion,  recommended  that  military  movements  in  close  order 
should  be  as  little  practised  as  possible.  There  should  also  be  as  much 
interval  as  can  be  allowed  between  bodies  of  troops. 

Effects  of  Marches. — Tinder  ordinary  conditions,  both  in  cold  and  hot 
countries,  men  are  healthy  on  the  march. 

But  marches  are  sometimes  hurtful — 

It  Wh  en  a  single  long  and  heavy  march  is  undertaken  when  the  men  are 
overloaded,  without  food,  and  perhaps  without  water.  The  men  fall  out,  and 
the  road  becomes  strewed  with  stragglers.    Sometimes  the  loss  of  life  has 


been  great. 


The  prevention  of  these  catastrophes  is  easy.  Place  the  soldier  as  much 
as  possible  in  the  position  of  the  professional  pedestrian ;  let  his  clothes  and 
accoutrements  be  adapted  to  his  work;  supply  him  with  water  and  proper 
food,  and  exclude  spirits;  if  unusual  or  rapid  exertion  is  demanded,  the 
weights  must  be  still  more  lightened. 

When  a  soldier  falls  out  on  the  march  he  will  be  found  partially  fainting, 
with  cold  moist  extremities,  a  profuse  sweat  everywhere  ;  the  pulse  is  very 
quick  and  weak— often  irregular;  the  respiration  often  sighing.  The  weights 
should  be  removed,  clothes  loosened,  the  man  laid  on  the  ground,  cold  water 
dashed  on  the  face,  and  water  given  to  drink  in  small  quantities.  If  the 
syncope  is  very  alarming,  brandy  must  be  used  as  the  only  way  of  keeping 
the  heart  acting,  but  a  large  quantity  is  dangerous.  If  it  can  be  obtained, 
weak  hot  brandy  and  water  is  the  best  under  these  circumstances.  When  he 
has  recovered,  the  man  must  not  march — he  should  be  carried  in  a  wawon 
and  in  a  few  minutes  have  something  to  eat,  but  not  much  at  a  time! 
Concentrated  beef-tea  mixed  with  wine  is  a  powerful  restorative,  just  as  it  is 
to  wounded  men  on  the  field. 

Ind.  When  the  marches  which  singly  are  not  too  long,  are  prolonged  over 
many  days  or  weeks  without  due  rest. 

With  proper  halts  men  will  march  easily  from  500  to  1000  miles,  or  even 
farther,  or  from  12  to  16  miles  per  diem,  and  be  all  the  better  for  it;  but 
after  the  second  or  third  week,  there  must  be  one  halt  in  the  week  besides 
Sunday.  If  not,  the  work  begins  to  tell  on  the  men ;  they  get  out  of 
condition,  the  muscles  get  soft,  appetite  declines,  and  there  may  be  even  a 
little  anemia.  The  same  effects  are  produced  with  a  much  less  quantity  of 
work,  if  the  food  is  insufficient.  Bad  food  and  insufficient  rest  are  then  the 
great  causes  of  this  condition  of  body. 

In  such  a  state  of  body  malarious  fevers  are  intensified,  and  in  India 
attacks  of  cholera  are  more  frequent.  It  has  been  supposed  that  the  body  is 
overladen  with  the  products  of  metamorphosis,  which  cannot  be  oxidised 
last  enough  to  be  removed. 

Directly  the  least  trace  of  loss  of  condition  begins  to  be  perceived  in  the 
more  weakly  men  (who  are  the  tests  in  this  case),  the  surgeon  should  advise 
the  additional  halt,  if  military  exigencies  permit.    On  the  halt  day  the  men 
Should  wash  themselves  and  their  clothes,  and  parade,  but  should  not  drill. 
di-d.  When  special  circumstances  produce  diseases. 

Exposure  to  wet  and  cold  in  temperate  climates  is  the  great  foe  of  the 
soldier.  As  long  as  he  is  marching,  no  great  harm  results;  and  if  at  ni^ht 
He  can  have  dry  and  warm  lodgings,  he  can  bear,  when  seasoned  a^jafc 
exposure  But  if  he  is  exposed  at  night  as  well  as  day,  and  in  war  he  ?ften 
IS  so,  and  never  gets  dry,  the  hardiest  men  will  suffer.  Affections  arising 
dZt'y  kro'ctsed.  ^^^^^^^^  inflammation,  and 

2p 
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These  are  incidental  to  the  soldier's  life,  and  can  never  be  altogether 
avoided.  But  one  great  boon  can  be  given  to  him;  a  waterproof  sheet, 
which  can  cover  him  both  day  and  night,  has  been  found  the  greatest  comfort 
by  those  who  have  tried  it. 

The  soldier  may  have  to  march  through  malarious  regions.  The  march 
should  then  be  at  mid-day  in  cold  regions,  in  the  afternoon  in  hot.  The  early 
morning  marches  of  the  tropics  should  be  given  up  for  the  time;  the  deadliest 
time  for  the  malaria  is  at  and  soon  after  sunrise.  If  a  specially  deadly  narrow 
district  has  to  be  got  through,  such  as  a  Terai,  at  the  foot  of  hills,  a  single 
long  march  should  be  ordered ;  a  thoroughly  good  meal,  with  wine,  should  bo 
taken  before  starting,  and  if  it  can  be  done,  a  dose  of  quinine.  If  the  troop.s 
must  halt  a  night  in  such  a  district,  every  man  should  take  five  grains  of 
quinine.  Tents  should  be  pitched  in  accordance  with  the  rules  laid  down  in 
the  chapter  on  Camps,  and  the  men  should  not  leave  them  till  the  sun  is  well 
up  in  the  heavens. 

Yellow  fever  or  cholera  may  break  out.  The  rules  in  both  cases  are  the  same.  ^ 
At  once  leave  the  line  of  march;  take  a  short  march  at  right  angles  to  the  wind : 
separate  the  sick  men,  and  place  the  hospital  tent  to  leeward  ;  let  every  evacua- 
tion and  vomited  matter  be  at  once  buried  and  covered  with  earth,  or  burnt,  if 
possible,  and  employ  natives  (if  in  India)  to  do  this  constantly,  with  a  sergeant 
to  superintend.  Let  every  duty-man  who  goes  twice  to  the  rear  in  six  hours 
report  himself,  and,  if  the  disease  be  cholera,  distribute  pills  of  acetate  of  lead 
and  opium  to  all  the  non-commissioned  officers.  Directly  a  man  who  be- 
comes choleraic  has  used  a  latrine,  either  abandon  it,  or  cover  it  with  earth 
and  lime  if  it  can  be  procured.  If  there  is  carbolic  acid  or  chloride  of  zinc, 
or  lime  or  sulphate  of  iron  or  zinc  at  hand,  add  some  to  every  stool  or  vomit. 

In  two  days,  whether  the  cholera  has  stopped  or  not,  move  two  miles ;  take 
care  in  the  old  camp  to  cover  or  burn  everything,  so  that  it  may  not  prove  u 
focus  of  disease  for  others.  The  drinking  water  should  be  constantly  looked 
to.  A  ref'iment  should  never  follow  one  which  carries  cholera ;  it  should  avoid 
towns  where  cholera  prevails;  if  it  itself  carries  cholera,  the  men  should  not 
be  allowed  to  enter  towns.  JMany  instances  are  known  in  India  where 
cholera  was  in  this  way  introduced  into  a  town. 

The  men  may  suffer  from  insolation.  This  will  generally  be  under  three 
conditions.  Excessive  solar  heat  in  men  unaccustomed  to  it  and  wrongly 
dressed,  as  in  the  case  of  the  98th  in  the  first  China  war,  when  the  men 
having  first  landed  from  a  six  months'  voyage,  and  being  buttoned  up  and 
wearing  stocks,  fell  in  numbers  during  the  first  short  march.  A  friend  who 
followed  ^vith.  the  rearguard  informed  Dr.  Parkes  that  the  men  fell  on  then 
faces  as  if  struck  by  lightning;  on  running  up  and  turning  them  over,  he 
found  many  of  them  already  dead.  They  had,  no  doubt,  struggled  onto  the 
last  moment.  This  seems  to  be  intense  asphyxia,  with  sudden  failure  of  the 
heart-action,  and  is  the  "  cardiac  variety  "  of  Morehead. 

A  dress  to  allow  perfectly  free  respiration  (freedom  from  pressure  on  chest 
and  neck),  and  protection  of  the  head  and  spine  from  the  sun,  will  generally 
prevent  this  form.  The  head-dress  may  be  wetted  from  time  to  time ;  a 
piece  of  wet  paper  in  the  crown  of  the  cap  is  useful.  When  the  attack  has 
occurred,  cold  affusion,  artificial  respiration,  ammonia,  and  hot  brandy  ana 
water  to  act  on  the  heart,  seem  the  best  measures.  Bleeding  is  hurtliu, 
perhaps  fatal.    Cold  allusion  must  not  be  pushed  to  excess 

In  a  second  form  the  men  are  exposed  to  continued  heat,i  ^pth  m  the^ 

'  The  licat  of  sandy  plains  is  the  worst,  probably,  from       gr«at  absorirtion  of  1^^^^ 
continued  radiation.    The  heat  of. Ithe  snn,  per  se,  is  not  so  bad  ;  on  board  ship  sun-stroKe 
uncommon. 
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aii<l  out  of  it,  day  and  niglit,  and  tlie  atmosphere  is  still,  and  jjerhaps  moist, 
so  that  evaporation  is  lessened,  or  the  air  is  vitiated.  If  much  exertion  is 
taken,  the  freest  perspiration  is  then  necessary  to  keep  down  the  heat  of  the 
body  j  if  anything  checks  this,  and  the  skin  gets  dry,  a  certain  amount  of 
pyrexia  occurs ;  the  pulse  rises ;  the  head  aches ;  the  eyes  get  congested ; 
there  is  a  frequent  desire  to  micturate  (Longmore),  and  gradual  or  sudden 
coma,  with  perhaps  convulsions  and  stertor,  comes  on,  even  sometimes  when 
a  man  is  lying  quiet  in  his  tent.  The  causes  of  the  interruption  to  perspira- 
tion are  not  known ;  it  may  be  that  the  skin  is  acted  upon  in  some  way  by 
the  heat,  and  from  being  over-stimulated,  at  last  becomes  inactive. 

In  this  form  cold  affusion,  ice  to  the  head,  and  ice  taken  by  the  mouth,  are 
the  best  remedies ;  perhaps  even  ice  water  by  the  rectum  might  be  tried. 

Stimula|nts  are  hurtful.    The  exact  pathology  of  this  form  of  insolation  is 

uncertain.    It  is  the  cerebro-spinal  variety  of  Morehead. 

In  a  third  form  a  man  is  exposed  to  a  hot  land-wind ;  perhaps,  as  many 

have  been,  from  lying  drunk  without  cover.    When  brought  in,  there  is 

generally  compilete  coma  with  dilated  pupils,  and  a  very  darkly  flushed  face. 

After  death  the  most  striking  point  is  the  enormous  congestion  of  the  lungs, 

which  is  also  marked,  though  less  so,  in  the  other  varieties.    Dr.  Parkes 

stated  that  he  had  never  seen  anything  like  the  enormous  congestion  he  had 

observed  in  two  or  three  cases  of  this  kind. 

As  prevention  of  all  forms,  the  following  points  should  be  attended  to  :  

Suitable  clothing ;  plenty  of  cold  drinking  water  (Crawford) ;  ventilation  ; 

production  in  buildings  of  currents  of  air ;  bathing ;  avoidance  of  spirits 

lessening  of  exertion  demanded  from  the  men.  * 


Duty  of  Medical  Officers  dunng  Marches. 

General  Duties  on  Marches  in  India  or  the  Colonies. — Before  commencino- 
the  march,  order  all  men  with  sore  feet  to  report  themselves.    See  that  all 
the  men  have  their  proper  kits,  neither  more  nor  less.    Every  man  should  be 
provided  with  a  water-botble  to  hold  not  less  than  a  pint.    Inspect  halting- 
grounds,  if  possible ;  see  that  they  are  perfectly  clean,  and  that  everythino-  is 
ready  for  the  men.    In  India,  on  some  of  the  trunk  roads  there  are  reo-Sar 
halting-grounds  set  apart.    The  conservancy  of  these  should  be  very  carefully 
looked  to,  else  they  become  nothing  but  foci  for  disseminating  disease.  If 
there  are  no  such  places,  halting-grounds  are  selected.    It  should  be  a'  rule 
never  to  occupy  an  encamping  ground  previously  used  by  another  corps  if  it 
can  be  avoided ;  this  applies  to  all  cases.    Select  a  position  to  windward  of 
such  an  old  camp,  and  keep  as  far  as  possible  from  it.    The  encampments  of 
the  transport  department,  elephants,  camels,  bullock  carts,  <fec.,  must  be  looked 
to,— they  often  are  very  dirty  :  keep  them  to  leeward  of  the  camp,  not  too 
near,  and  see  especially  that  there  is  no  chance  of  their  contaminating  streams 
supplymg  drinking  water.    If  the  encampment  is  on  the  banks  of  the  stream 
the  proper  place  for  the  native  camp  and  bazaar  will  always  be  lower  down 
the  stream.    The  junior  medical  officer,  if  he  can  be  spared,  should  be  sent 
forward  for  this  purpose  with  a  combatant  officer.    Advise  on  leuo-th  of 
marches,  halts,  &c.,  and  draw  up  a  set  of  plain  rules  to  be  promulgated  bv 
the  commanding  officer,  directing  the  men  how  to  manage  on  the  march  if 
exposed  to  great  heat  or  cold,  or  to  long-continued  exertion,  how  to  purifv 
water,  clean  their  clothes,  &c.    If  the  march  is  to  last  some  time,  and  if  halts 
are  made  for  two  or  three  days  at  a  time,  write  a  set  of  instructions  for 
ventilating  and  cleaning  tents,  regulation  of  latrines,  &c 

Special  Duties  for  the  March         -Inspect  the  l)reakfast  or  raornino- 
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refreshment ;  see  tliat  tlic  men  get  their  coffee,  &c.  On  no  account  alloAv  a 
morning  dram,  either  in  malarious  regions  or  elsewhere.  Inspect  the  water- 
casks,  and  see  them  properly  placed,  so  that  the  men  may  he  supplied ; 
inspect  some  of  the  men,  to  see  that  the  water-bottles  are  full.  March  in 
rear  of  the  regiment  so  as  to  pick  up  all  the  men  that  fall  out,  and  order  men 
who  cannot  march  to  he  carried  in  wagons,  dhoolies,  &c.,  or  to  be  relieved 
of  their  packs,  &c.  If  there  are  two  medical  officers,  the  senior  should  be  in 
rear  •  if  a  regiment  marches  in  divisions,  the  senior  is  ordered  to  be  with  th(; 
last. '  When  men  are  ordered  either  to  be  carried  or  to  have  their  packs  carried, 
tickets  should  be  given  specifying  the  length  of  time  they  are  to  be  carried- 
These  tickets  shoiild  be  prepared  before  the  march,  so  that  nothing  has  to  be 
done  but  to  fill  in  the  man's  name,  and  the  length  he  is  to  be  carried. 

Special  orders  should  be  given  that,  at  the  halt,  or  at  the  end  of  the  day's 
march,  the  heated  men  should  not  uncover  themselves.  They  should  take  off 
their  pack  and  belts,  but  keep  on  the  clothes,  and,  if  very  hot,  should  put  on 
tlieir  crreatcoats.  The  reason  of  this  (viz.,  the  great  danger  of  chill  after  exer- 
tion) should  be  explained  to  them.  In  an  hour  after  the  end  of  the  march 
the  men  should  change  their  underclothing,  and  hang  the  wet  things  up  to 
dry  •  when  dry  they  should  be  shaken  well,  and  put  by  for  the  following  day. 
Some  officers,  however,  prefer  that  their  men  should  at  once  change  their 
clothes  and  put  on  dry  things.  This  is  certainly  more  comfortable.  But,  at 
anv  rate,  exposure  must  be  prevented. 

At  the  end  of  the  march  inspect  the  footsore  men.    Footsoreness  is 
crenerally  a  great  trouble,  and  frequently  arises  from  faulty  boots,  undue 
pressure  chafing,  riding  o*  the  toes  from  narrow  soles,  &c.    Eubbmg  the  feet 
with  tallow,  or  oil  or  fat  of  any  kind,  before  marching,  is  a  common  remedy 
In  the  late  war  the  Germans  found  tannin  very  useful,— they  used  an  ointment 
of  one  part  of  tannin  to  twenty  parts  of  zinc  ointment.   A  good  plan  is  to  dip 
the  feet  in  very  hot  water,  before  starting,  for  a  minute  or  two;  wipe  them 
quite  dry,  then  rub  them  with  soap  (soft  soap  is  the  best)  till  there  is  a 
?a  her  •  then  put  on  the  stocking.    At  the  end  of  the  day  if  the  feet  are  sore, 
hey  should  be  wiped  with  a  wet  cloth,  and  rubbed  with  tallow  and  spin  s 
m'xed  in  the  palm  of  the  hand  (Galton).    Pedestrians  frequently  use  hot  salt 
Sid  water  at  night,  and  add  a  little  alum.    Sometimes-the  soreness  is  owing 
simply  to  a  ba^d  stocking;  this  is  easily  remedied.    Stockings  should  be 
frenuently  washed;  then  greased.    Some  of  the  German  troops  use  no  stock- 
inTbut  ra^s  folded  smooth  over  the  feet.  The  French  use  no  stockings.  Very 
often  soreness  is  owing  to  neglected  corns,  bunions,  or  m-growmg  nails  «nd 
^he  LrioTmust  not^  despise  the  little  surgery  necessary  to  remedy  thes^ 
t  hio^  nothincr,  in  fact,  cln  be  called  little  if  it  conduces  to  efficiency.  _  As 
s&e  oto^^^^  Wame'  for  sore  feet,  it  becomes  a  question  whether  it  might 
not  be  well  to  accustom  the  soldier  to  do  without  shoes. 

Freqlntly  men  fall  out  on  the  march  to  empty  the  bowels ;  the  frequen  .Y 
with  which  men  thus  lagging  behind  the  column  were  cut  off  by  Arabs  led 

to  introduce  the  slit  in  the  Zouave  trousers  which  le- 
aSrfno  unbucklhig  at  the  waist,  and  take  no  time  for  adjustment. 
^  a!    i.iTo-  Inn  t  if  there  is  plenty  of  water,  the  shoes  and  stockmgs  should 
bet  ken  ol  and  the        weFwashed ;  evei  wiping  with  a  wet  towel  is  very 
ref^e^dnf'  The  feet  should  always  be  washed  at  the  end  of  the  jnarch 

Occasionally  men  are  much  annoyed  with  chafing  between  tj^e  mtes^^ 
in^cW  theLghs.  Sonie^n.^^^^^^^  \, 
sometimes  to  the  actual  chafing  of  the  parts,   .-t^^^!^ ^  ^ 
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during  the  inarch,  hut  at  the  end  of  the  time  to  draw  a  needle  and  thread 
through ;  the  fluid  gradually  oozes  out. 

All  footsore  men  should  be  ordered  to  report  themselves  at  once. 

Sprains  are  best  treated  with  rags  dipped  in  cold  water,  or  cold  spirit  and 
water  with  nitre,  and  bound  tolerably  tight  round  the  part.  Eest  is  often 
impossible.    Hot  fomentations,  when  procurable,  will  relieve  pain.^ 

Marches,  especially  if  hurried,  sometimes  lead  men  to  neglect  their  bowels, 
and  some  trouble  occurs  in  this  way.  As  a  rule,  it  is  desirable  to  avoid 
purgative  medicines  on  the  line  of  march,  but  this  cannot  always  be  done  ; 
they  should,  however,  be  as  mild  as  possible. 

Eobert  Jackson  strongly  advised  the  use  of  vinegar  and  water  as  a  refresh- 
ing beverage,  having  probably  taken  this  idea  from  the  Komans,  who  made 
vinegar  one  of  the  necessaries  of  the  soldier.  It  was  probably  used  by  them 
as  an  anti-scorbutic ;  whether  it  is  very  refreshing  to  a  fatigued  man  seems 
uncertain. 

There  is  only  one  occasion  when  spirits  should  be  issued  on  a  march  : 
this  is  on  forced  marches,  near  the  end  of  the  time,  when  the  exhaustion  is 
great.  A  little  spirit,  in  a  large  quantity  of  hot  water,  may  then  be  useful, 
but  it  should  only  be  used  on  great  emergency.  Warm  beer  or  tea  is  also 
good ;  the  warmth  seems  an  important  point.  Ranald  Martin  and  Parkes 
tell  us  that  in  the  most  severe  work  in  Burmah,  in  the  hot  months  of  April 
and  May,  and  in  the  hot  hours  of  the  day,  warm  tea  was  the  most  refreshing 
beverage.  Travellers  in  India,  and  in  bush  travelling  in  Australia,  have  said 
there  was  nothing  so  reviving  as  warm  tea.  Che  vers  mentions  that  the  juice 
of  the  country  onion  is  useful  in  lessening  thirst  during  marches  in  India, 
and  that,  in  cases  of  sun-stroke,  the  natives  use  the  juice  of  the  unripe 
mangoe  mixed  with  salt. 

Music  on  the  march  is  very  invigorating  to  tired  men.  Singing  should 
also  be  encouraged  as  much  as  possible. 

Marching  in  India. — Marches  take  place  in  the  cool  season  (ISTovember  to 
February),  and  not  in  the  hot  or  rainy  seasons,  except  on  emergency;  yet 
marches  have  been  made  in  hot  weather  without  harm,  when  care  is  taken. 
They  are  conducted  much  in  the  same  way  as  in  cold  countries,  except  that 
the  very  early  morning  is  usually  chosen.  The  men  are  roused  at  half-past 
two  or  three,  and  parade  half  an  hour  later;  the  tents  are  struck,  and  carried 
on  by  the  tent-bearers  ;  coffee  is  served  out,  and  the  men  march  off  by  half- 
past  three  or  four,  and  end  at  half-past  seven.  Everything  is  ready  at  the 
halting-ground,  tents  are  pitched,  and  breakfast  is  prepared. 

These  very  early  marches  are  strongly  advocated  by  many,  and  are  opposed 
almost  as  strongly  by  some.  In  the  West  Indies,  marching  in  the  sun  has 
always  been  more  common  than  in  the  East.  Much  must  depend  on  the 
locality,  and  the  prevalence  and  time  of  hot  land  winds.  Eoth  in  India  and 
Algeria  marches  have  been  made  at  night ;  the  evidence  of  the  effects  of  this 
IS  discordant.  The  French  have  generally  found  it  did  not  answer;  men  bear 
fatigue  less  well  at  night ;  and  it  is  stated  that  the  admissions  into  hospital 
have  always  mcreased  among  the  French  after  night  marching.  Annesley's 
authority  is  also  against  night  marching  in  India.  On  the  other  hand,  it  is 
stated  by  some  that  in  India  the  march  through  the  cool  moonlio-ht  nio-ht 
has  been  found  both  pleasant  and  healthy.  ° 

Afternoon  marches  (commencing  about  two  hours  before  sunset)  have  been 
tried  in  India,  and  often  apparently  with  very  good  results. 

«rln%lnotTe°lf  iach.'"^  good  lotion  for  sprains;  sal-amTnoniac,  20  grains,  vinegar  and 
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Marching  in  Canada. — In  1814,  during  the  war  with  America;  in  1837, 
during  the  rebellion;  and,  in  1861-62,  during  the  "Trent"  excitement, 
winter  marches  wore  made  by  the  troops,  in  all  cases  without  loss.  The 
following  winter  clothing  was  issued  at  home  : — A  sealskin  cap  with  ear 
lappets ;  a  woollen  comforter ;  two  woollen  jerseys ;  two  pairs  of  woollen 
drawers;  a  chamois  leathern  vest  with  arms;  two  pairs  long  woollen  stockings 
to  draw  over  the  boots ;  sealskin  mits;  and  a  pair  of  jackboots.  In  Canada  u 
pair  of  blankets  and  moccasins  were  added,^  and,  at  the  long  halts,  weak  hot 
rum  and  water  was  served  out.  A  quarter  of  a  pound  of  meat  was  added  to 
the  ration.  A  hot  meal  was  given  before  starting,  another  at  mid-day,  and 
another  at  night.  The  troops  were  extremely  healthy.  During  exposure  to 
cold,  spirits  must  be  avoided ;  hot  coffee,  tea,  ginger  tea,  or  hot  weak  wine 
and  water,  are  the  best ;  it  is  a  good  plan  to  rub  the  hands,  feet,  face,  and 
neck  with  oil;  it  appears  to  lessen  the  radiation  of  heat  and  the  cooling  effect 
of  winds. 


^  See  Inspector-General  Muir's  Report,  Arviy  Medical  Rejmiis,  vol.  i^'.  p.  378. 


CHAPTER  III. 


THE  EFFECTS  OF  MILITARY  SERVICE. 

The  influence  of  the  various  conditions  of  military  life  is  shown  by  the 
records  of  sickness  and  mortality,  and  this  must  be  noted  in  the  various 
stations. 

The  recruit  having  entered  the  ranks,  begins  his  service  at  home,  and  he  is 
kept  at  his  depot  for  some  time.  He  does  not  go  on  foreign  service  until 
he  has  completed  his  twentieth  year.  We  should  suppose  his  life  would  be 
a  healthy  one.  It  is  a  muscular,  and,  to  a  certain  extent,  an  open-air  life, 
yet  without  great  exposure  or  excessive  labour ;  the  food  is  good  (though 
there  might  be  some  improvement),  the  lodging  is  now  becoming  excellent, 
and  the  principles  of  sanitation  of  dwellings  are  carefully  practised.  Although 
the  mode  of  clothing  might  be  improved  as  regards  pressure,  still  the  material 
is  very  good.  There  is  a  freedom  from  the  pecuniary  anxiety  which  often 
presses  so  hardly  on  the  civil  artisan,  and  in  illness  the  soldier  receives 
more  immediate  and  greater  care  than  is  usual  in  the  class  from  which  he 
comes.' 

There  are  some  counterbalancing  considerations.  In  a  barrack,  there  is 
great  compression  of  the  population,  and  beyond  a  doubt  the  soldier  has 
greatly  suffered,  and  even  now  suffers,  from  the  foul  air  of  barrack  rooms. 
But  this  a  danger  greatly  lessening,  owing  to  the  exertions  of  the  Barrack 
Improvement  Commissioners,  and,  as  is  proved  by  the  experience  of  some 
convict  jails,  can  be  altogether  avoided. 

Among  the  duties  of  the  soldier  is  some  amount  of  night-work;  it  is  certain 
that  this  is  a  serious  strain,  and  the  Sanitary  Commissioners,  therefore, 
inserted  in  the  Medical  Regulations  an  order  that  the  number  of  nights  in  bed 
should  be  carefully  reported  by  medical  officers.  Major-General  Sir  Frederick 
Koberts,  G.C.B.,  has  lately  called  marked  attention  to  the  injurious  effects  of 
night  duty  and  "  sentry-go."  i  Commanding  officers  should  be  informed 
how  seriously  the  guard  and  sentry  duties,  conducted  as  they  are  in  full 
dress,  tell  on  the  men  if  they  are  too  frequent ;  one  guard-day  in  five  is 
quite  often  enough,  and  four  nights  in  bed  should  be  secured  to  the  men. 
Exposure  during  guard  and  transition  of  temperature  on  passing  from  the  hot 
air_  of  the  guard-room  to  the  outside  air  are  also  causes  of  disease.  ■  The 
weights  and  accoutrements  are  heavy,  but  the  valise  equipment  introduced  by 
General  Eyre's  Committee  has  removed  the  evil  of  the  old  knapsack. 

The  habits  of  the  soldier  are  unfavourable  to  health ;  in  the  infantry, 
especially,  he  has  much  spare  time  on  his  hands,  and  ennui  presses  on  hifn' 
Ennui  is,  in  fact,  the  great  bane  of  armies;  though  it  is  less  in  our  own  than 
m  many  others.  It  is  said  to  weigh  heavily  on  the  German,  the  Russian  and 
even  on  the  French  army.  Hence,  indeed,  part  of  the  restlessness,  and  one 
ot  the  dangers  of  large  standing  armies.   The  Eomans  appear  to  have  avoided 


1  Nineteenth  Century,  Nov.  1882. 
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this  danger  by  making  their  distant  legions  stationary,  and  permitting 
marriage  and  settlement — in  fact,  by  converting  them  into  military  colonies. 
We  avoid  it  in  -pavt  by  our  ffcquent  changes  of  place,  and  our  colonial  and 
Indian  service  ;  but  not  the  less,  both  at  home  and  abroad,  do  idleness  and 
ennui,  the  parents  of  all  evils,  lead  the  soldier  into  habits  which  sap  his  health.  " 
Not  merely  excessive  smoking,  drinking,  and  debauchery,  but  in  the  tropics 
mere  laziness  and  inertia,  have  to  be  combated.  Much  is  now  being  done  by 
establishing  reading-rooms,  trades,  industrial  exhibitions,  &c.,  and  by  the  en- 
couragement of  athletic  sports  to  occupy  spare  time,  and  already  good  results 
have  been  produced. 

The  establishment  of  trades,  especially,  which  will  not  only  interest  the 
soldier,  but  benefit  him  pecuniarily,  is  a  matter  of  great  importance.  It  has 
long  been  asked  why  an  army  should  not  do  all  its  own  work  ;  give  the  men 
the  hope  and  opportunity  of  benefiting  themselves,  and  ennui  would  no  longer 
exist.  In  India,  Lord  Strathnairn  did  most  essential  service  by  the  establish- 
ment of  trades ;  and  the  system,  after  long  discussion  and  many  reports,  to 
now  being  tried  in  England. 

One  of  the  proofs  of  ability  for  command  and  administration  is  the  power 
of  occupying  men,  not  in  routine,  but  in  interesting  and  pleasant  work,  to 
such  an  extent  that  rest  and  idleness  may  be  welcomed  as  a  change,  not 
felt  as  a  burden.  Constant  mental  and  much  bodily  movement  is  a  necessity 
for  all  men ;  it  is  for  the  officers  to  give  to  their  men  an  impulse  in  the 
proper  direction. 

The  last  point  which,  probably,  makes  the  soldier's  life  less  healthy  than  it 
would  otherwise  be,  is  the  depressing  moral  effect  of  severe  and  harassing  dis- 
cipline. In  our  own  army  in  former  years,  it  is  impossible  to  doubt  that  dis- 
cipline was  not  merely  unnecessarily  severe,  but  was  absolutely  savage.  An 
enlightened  public  opinion  has  gradually  altered  this,  and  with  good  com- 
manding officers,  the  discipline  of  some  regiments  is  probably  nearly  perfect ; 
that  is  to  say,  regular,  systematic,  and  unfailing ;  but  from  its  very  justice 
and  regularity,  and  from  its  judiciousness,  not  felt  as  irksome  and  oppressive 
by  the  men. 

The  general  result  of  the  life  at  home  on  soldiers  must  now  be  con- 
sidered. 

It  is  by  no  means  easy  to  say  whether  soldiers  enjoy  as  vigorous  health  as 
the  classes  from  which  they  are  drawn ;  the  comparison  of  the  number  of  sick, 
or  of  days'  work  lost  by  iUness  by  artisans,  cannot  be  made,  as  soldiers  of te 
go  into  hospital  for  slight  ailments  which  will  not  cause  an  artisan- to  give  up 
work.  The  comparative  amount  of  mortahty  seems  the  only  available  test, 
though  it  camiot  be  considered  a  very  good  one. 

Following  the  order  laid  down  in  the  chapter  on  Statistics,  we  have  to 
consider — 


SECTION  I. 


THE  LOSS  OF  STRENGTH  BY  DEATH  AND  INVALIDING, 

PER  1000  PER  ANNUM. 


A.  By  Death. 

It  is  to  be  understood  that  the  mortality  is  here  reckoned  on  the  strength, 
that  is,  on  the  total  number  of  healthy  and  sick  persons  actually  serving 
during  the  time.    The  mortality  on  the  sick  alone  is  another  matter. 

From  the  Parliamentary  Statistical  Eeturns  of  the  Army  (1840  and 
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which  inckide  the  years  1826-1846),  we  find  that  the  mortality  among  the 
cavahy  of  the  line  was  at  that  time  about  -Jd  more  than  among  the  civil  male 
population  at  the  same  age  (nearly  as  15  to  10  ^  per  1000) ;  among  the  Foot 
Guards  it  was  more  than  double  {very  nearly  20^  per  1000  as  against  10); 
among  the  infantry  of  the  line  it  was  f  ths  more  (or  18  per  1000  as 
against  10). 

The  btate  was  thus  losing  a  large  body  of  men  annually  in  excess  of  what 
would  have  been  the  case  had  there  been  no  army,  and  was  therefore  not  only 
suffering  a  loss,  but  incurring  a  heavy  responsibility. 

In  the  splendid  men  of  the  Household  Brigade,  diseases  of  the  lungs 
(including  phthisis)  accounted  for  no  less  than  67 '7  per  cent,  of  the  deaths, 
in  the  cavalry  of  the  line  for  nearly  50  per  cent.,  and  in  the  infantry  of  the 
line  for  57  per  cent. ;  while  among  the  civil  population  of  the  soldier's 
age,  the  proportion  in  all  England  and  Wales  was  only  44-5  per  cent,  of 
the  total  deaths.  The  next  chief  causes  of  deaths  were  fevers,  which 
accounted  in  the  different  arms  of  the  service  for  from  7  to  14  per  cent, 
of  the  total  deaths.  The  remainder  of  the  causes  of  deaths  were  made  up 
of  smaller  items. 

These  remarkable  results  were  not  peculiar  to  the  English  Army.  Most 
armies  did,  some  still  do,  lose  more  than  the  male  civil  population  at  the 
same  age.    The  following  are  the  most  reliable  statistics  :—  ^ 


Army  Los* 
per  1000. 
,  28-3 
19-9 
10-0 
9-55 
9-49 
64 

14-98 


9-49 
6-10 
4-96 


Prussian*  (1867),  . 
Russian  ^  (series  of  years), 
(1857-1866),  . 

Austrian, 

(1869), .    .  ; 

Piedmontese  (1859), 
Italian  (1870), 

United  States  (before  the  war), 
Portuguese  (1851-53),  . 
Danisli,  .... 


Army  Loss 
per  1000. 

6-54 
39 
18-7 
28 

11-68 
16 

8-  40 
18-8 
16-5 

9-  5 


Prance  (1823),  .... 
France  (Paixhans,  1846), 
France,  mean  of  7  years  (1862-68), 
France  (1869),  . 
France  (18,72),     .       .       .  .' 
French  in  Algeria  (1846).  . 

„  (1862-66), 
Prussian  3  (1846-1863,  excluding 
officers),  ..... 
Prussian  (1869),  .       .       .  . 
Prussianarmy(iucludingtheSaxon 
and  Wiirteniberg  cordis  (1876),  . 

The  old  Hanoverian  army  was  very  healthy,  losing  only  5-3  per  1000  as 
against  9  -5  among  the  civil  population  of  the  same  ages. 
•     11  ^*'^f  armies  the  same  rule  holds  good;  fevers  (chiefly  typhoid 

m  all  probabih  y)  and  phthisis  were  the  great  causes  of  mortality.    In  Prussia 

nh  il^l^n  T^^^  ^  '"""''A^'  in  that  army 

o  ttt  1  "'1    'T.:  "  '''^^''^  ^i^^  off  the  rolls, 

so  that  the  army  deaths  are  thus  fewer  than  they  would  be  if  the  men  died  at 
their  regiment..    In  Austria  phthisis  caused  25  deaths  out  of  eveTlOO  in 

?7  76"'if  H£:''^Q^'''''/•'^rP"■^^°^  ^^^^^^  popufatLn  was 

17  76,  in  Hanover,  39-4;  and  m  Belgium,  30  ;  though  in  the  latter  country 


t4|ffi  ^:^^lf^-^iSeI^'  ''''^  «^  ;  others  are 

uivalids  the  mortality  was  only  6  196    The  men  were  111  S.v  tv  f'^^'^''^  deaths  of 

he  taken  into  account.  under  thirty  years  of  age,  which  must 

2  Thf«^T-''"i2!fn*''^'t7      ^ate^y  teen  greatly  reduced. 
This  .a.s  m  1860 ;  calculated  from  Lave'ran's  leturns  from  eleven  of  the  great  garrisons. 
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the  proportion  among  the  civil  population  was  only  18-97  deaths  from 
phthisis  per  100  of  all  deaths.  In  Portugal  the  mortality  from  phthisis 
constituted  22  per  cent,  of  the  deaths,^  while  in  the  civil  population  the 
deaths  are  12  per  cent,  of  the  total  deaths.  In  the  Prussian  army  in  1876 
only  16  per  cent,  were  from  phthisis.  In  these  armies,  also,  fevers  caused 
a  gi-eater  number  of  the  deaths  than  in  the  English  array,  even  in  the 
period  referred  to.  In  Prussia,  36  (reduced  in  1876  to  20);  in  France,  26-2 
in  Lelgium,  16-6;  and  in  Hanover,  23-68  per  cent,  of  all  deaths  were  from 
fever  (typhoid?).  In  Portugal  only  3-9  deaths  are  from  typhoid  out  of 
every  100  deaths;  this  is  omng  to  its  rarity  in  the  country  districts;  it  is 
common  in  Lisbon. 

:Nrothing  can  prove  more  clearly  that  in  all  these  armies  the  same  causes 
were  m  action.  And  from  what  has  been  said  in  previous  chapters,  it  may 
be  concluded  that  the  reason  of  the  predominance  of  these  two  classes,  Irag 
diseases  and  typhoid,  fever,  riust  be  sought  in  'she  impure  barrack  air,  and  in 
tha  defective  removal  of  excreta. 

The  Crimean  war  commenced  in  1854,  and  ended  in  1856.  A  large  part 
of  the  army  was  destroyed,  and  a  fresh  force  of  younger  men  took  its  place. 
Soon  afterwards,  the  great  sanitary  reforms  of  Lord  Herbert  commenced.  In 
1859  yearly  statistical  returns  began  to  be  published. 

The  mortality  of  all  arms  has  undergone  an  extraordinary  decrease  from  that 
of  the  former  period. 

Mortality  per  1000  per  Annum  in  United  Kingdom. 

From  all  Oansps  Disease  alone  {i.e., 

a  rom  all  Causes,    ^^d^^iing  yioXimt  deaths). 

Mean  of  ten  years,  1861-70,      .       9-45  8-534 

„            1870-79,      .  8-18 
1880,   6-83  5-876 

The  diminution  over  the  years  previously  noted  (1826-46)  is  extraordinary. 
Three  causes  only  can  be  assigned  for  it — the  youth  of  the  army,  and  a  better 
selection  of  men;  or  a  partial  removal  of  the  causes  of  diseases;  or  earlier 
invaliding,  and  the  action  of  the  Limited  Enlistment  Act,  so  as  to  throw  the 
fatal  cases  on  the  civil  population. 

The  question  of  age  has  been  examined  and  disposed  of  by  Dr.  Balfour,^ 
who  has  shown  that  the  youth  of  the  army  does  not  account  for  the  lessening. 
Selection  has  always  been  made  with  equal  care,  and  invaliding,  though  it 
certainly  has  been  greater  of  late  years,  does  not  appear  to  have  been  in  excess 
sufficient  to  account  for  the  lessening.  There  can  be  no  doubt,  then,  that  the 
great  result  of  halving  the  yearly  loss  of  the  army  by  disease  has  been  the 
work  of  Lord  Herbert  and  the  Poyal  Sanitary  Commission. 

It  will  be  observed  that  the  amount  of  the  mortality  in  the  French  army 
was  also  singularly  lessened  from  1846  to  1862  and  1863,  and  this  is,  no 
doubt,  owing  to  the  great  sanitary  precautions  now  taken  in  that  army. 

Of  the  difierent  arms  of  the  service,  the  cavalry  and  artillery  are  rather 
healthier  than  the  infantry ;  the  engineers  than  either ;  the  officers  always 


^  Marques,  reviewed  in  an  excellent  article  in  the  British  and  Foreign  Medico-Chir.  Review 
for  April  1863.  ,  . 

2  Laveran,  in  1860,  made  the  number  25-9  in  the  deaths  from  eleven  garrisons.  In  Ibbd 
the  mortality  from  typhoid  in  the  French  army  was  1-87  deaths  per  1000  of  effectives  in 
France,  l-63"in  Algeria,  and  3-55  in  Italy.  In  1866  the  mortality  was  1-45  in  France,  1-dtf 
in  Algeria,  and  2-26  in  Italy. 

3  Army  Medical  Report  for  1859,  p.  6. 
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show  less  mortality  than  the  non-commissioned  officers  and  privates,  and 
the  non-commissioned  officers  less  than  the  privates.  In  different  regi- 
ments there  is  often  a  singular  difference  in  the  mortality  in  a  given  year, 
but  this  is  usually  easily  accounted  for,  and  in  a  term  of  years  the  differences 
disappear. 

Comparison  with  Civil  Population. 

This  gross  mortality  must  now  be  compared  with  that  of  the  civil  popula- 
tion.   In  England  the  gross  male  civil  mortality  at  the  soldier's  age  is — 

Mortality  per  1000  of 
Population. 

From  20  to  25  years  of  age,  8-83 

25  to  35        „   9-57 

35  to  45        „   12-48 

The  soldier's  mortality,  taken  as  a  whole,  is  therefore  under  that  of  the 
civil  population,  but  then  there  is  invaliding,  and  some  uncertain  addition 
should  be  made  to  the  mortality  on  this  account. 

Comparing  the  soldier's  mortality  (for  a  ten  years'  period,  and  invaliding 
being  disregarded)  with  trades,  he  is  more  unhealthy  than  carpenters  (7*77), 
labourers  (7*92),  bakers  (7 "94),  and  blacksmiths  (8-36).  But  he  is  healthier 
than  grocers  (8-4),  farmers  (8-56),  weavers  and  cotton-spinners  (9-1),  shoe- 
makers (9-33),  butchers  (9-62),  miners  (9-96),  tailors  (11-62),  and  publicans 
(13-02).i 

Influence  of  Age  on  the  Mortality. 
The  following  table  gives  the  results  : — ^ 

Per  1000  of  Strength. 

Under  20. 

1870-79  (10  years),  3-11 
1880,  .  .  .  3-00 
Civil  male  popula-  ) 

tion  in  England  16-89 

and  Wales,  ) 
Healthy  districts,  5-83 

The  number  of  soldiers  under  20  years  of  age  is  so  small  that  no  conclusions 
can  be  drawn;  but  it  would  appear  that  from  20  to  30  the  mortality  is  favour- 
able to  the  soldier,  but  after  that  the  proportion  is  reversed,  and  the  soldier 
dies  more  rapidly  than  the  civilian.  And  if  to  this  we  call  to  mind  the  in- 
validing from  the  army,  it  seems  clear  that  a  prolonged  military  career  is 
decidedly  injurious,  either  from  causes  proper  to  the  career,  or  to  personal  habits 
engendered  in  it. 

Causes  of  Mortality. 

In  order  to  see  the  principal  causes  of  the  eight  or  nine  deaths  which  occur 
annually  among  1000  men,  the  following  table  has  been  calculated  from  the 
Army  Medical  Reports: — 


20  and 

25  and 

30  and 

35  and 

40  and 

under  25. 

under  30. 

under  35. 

under  40. 

upwards. 

5-08 

6-18 

11-64 

17-28 

24-09 

4-80 

5-75 

10-23 

15-99 

21-92 

8-67 

9-55 

10-37 

11-96 

13-96 

7-3 

7-93 

8-36 

8-96 

9-86 

\  Dr.  Farr's  numbers,  in  the  Supplement  to  the  25ih  Report  of  the  Registrar-Oen&ral  d  xvi 
^  Army  Medical  Reports,  vol.  xxii.  1882,  p.  30.  -J  "e^"',  P-  xm. 
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Causes  of  Mortality. 


Mortality  per 
annum  pei- 1000  of 
Strength  (18G7-71, 
6  years). 

Deatlis  In  100 
Deaths  (18G7-71. 
ft  years). 

Mortality  per 

clllliuiii  JJCJ  i.\jyj\i  ui 

strength  (1872-80, 
9  years). 

Deaths  in  100 
Deaths  (1872-80, 
9  years). 

Phthisis  and  tuber- 
cular hemoptysis, 

i 

2-648 

30  ^26 

2 -29 

29-0 

Diseases  of  heart  aud 
vessels, 

1-462 

16-71 

1-17 

14-8 

Pneumonia,  . 

•777 

8-88 

1^342 

17-0  2 

Violent  deaths, 

•598 

6-84 

•61 

7-7 

Diseases  of  nervous 

■576 

6^58 

•54 

6-8 

system, 
Continued  fevers, 
chiefly  enteric, 

•405 

4-63 

•30 

3^8 

.  Suicides, 

•288 

3-30 

•21 

2-7 

Bronchitis, 

•167 

1-91 

2 

2 

Delirium  tremens,  . 

•069 

•80 

'1 

2 

All  other  causes. 

1^756 

20^07 

i-42 

18-2 

Ttiis  table  must  now  be  analysed  more  particularly. 


1.  Tubercular  Diseases. 

The  deaths  from  phthisis  and  hsemoptysis  in  the  eight  years  ending  1866 
averaged  3-1  annually  per  1000  of  strength,  the  highest  annual  ratio  being 
3-86,  and  the  lowest  1-95.  In  1867-71  the  mean  mortality  was  2-648  per 
1000,  in  1872-80,  2-29.  In  addition  to  this  there  was  invaliding  for 
phthisis,  and  thus  a  certain  number  of  deaths  were  transferred  from  the  army 
to  the  civil  population.  The  following  table  shows  the  exact  number  in  four 
branches  of  the  service  (two  cavalry  and  two  infantry)  in  seven  years : — 

Table  to  show  the  Deaths  and  InvalicUiig  per  annum  from  Phthisis  and 
Hcemoptysis  in  Household  Cavalry,  Cavalry  of  the  Line,  the  Foot  Guard.<, 
and  Infantry  of  the  Line  {mean  of  seven  years,  1864-70). 


Phthisis  and  hsemoptysis, 
talcen  from  Abstract  in 
Appendix  to  Dr.  Balfour's 
Report. 

Household 
Cavalry. 

Cavalry  of 
Line. 

Foot 
Guards. 

Infantry  of 
Line. 

Died  per  1000,  . 
Invalided  per  1000, 
Total  died  and  in-  ) 
valided  per  1000,  ] 

3-763 
8-234 

11-997 

1-416 

4-  025 

5-  441 

2-300 
9-491 

11-791 

2-120 
5-510 

7-630 

This  table  shows  a  considerable  difference  between  the  branches  of  the 
service ;  the  mortality  and  invaliding  of  the  household  troops  are  much  the 
highest.  The  mortality  from  tuberculosis  of  the  infantry  of  the  line  is  below 
the  mean  mortality  of  the  army  at  large ;  the  mortality  of  the  cavalry  of  the 
line  below  that  of  the  infantry.  ■,  \  f 

It  is  quite  clear  (and  the  same  thing  is  seen  in  the  earliest  records)  that 
there  has  been  an  excessive  rate  or  mortality  and  invaliding  from  phthisis  in 


1  This  table  has  been  calculated  from  the  numbers  in  the  Ar^ny  Med.  Departmmt  Blue 

^""Thi^aWgecl  and  incomplete  form  in  which  the  statistics  have  P^fJisl^e^J^^^^^ 
render  it  impossible  to  give  these  numbers  in  detail.  _  The  numbers  OPP^^'*^,  f  ^™"lom 
the  later  period  include  all  disease  of  the  Respiratory  System, -aud  the  deaths  ironi 
delirium  treinens,  are  included  under  the  head  of  Poisons. 
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regiments  serving  in  London,  which  points  to  some  influences  acting  very 
injuriously  upon  them.  During  the  later  years,  however,  the  invaliding  in 
the  foot  guards  has  decreased,  although  the  mortality  has  not  diminished. 
It  is  remarkable  that  a  similar  excessive  mortality  has  been  observed  in  the 
o-uard  regiments  of  both  France  and  Prussia,  located  respectively  in  Paris 
and  BerHn.i  The  following  table  shows  the  average  of  our  own  army  up 
to  1876  :— 


Table  similar  to  one  on  page  604, /w  6  years,  1871-76. 


Phthisis,  &c.  ■ 

Household 
Cavalry. 

Cavaliy  of 
Line. 

Foot 
Guai'ds. 

Ijifantry  of 
Line. 

Depots 
1873-76. 

Died  per  1000,  . 
Invalided  per  1000, 
Total  died  and  in-  ) 
valided  per  1000,  \ 

3-33 
1-11 

1-46 

4-  30 

5-  76 

2-43 
7-17 

9-60 

2-15 
.  4-60 

6-75 

4-18 
9-82 

14-00 

From  this  table  it  may  be  seen  that  up  to  1876  there  was  a  slight  diminu- 
tion of  mortality  in  the  household  cavalry  and  in  the  infantry  of  the  line, 
but  that  the  rates  were  nearly  stationary  in  the  cavalry  of  the  line  and  the 
foot  guards,  and  very  high  in  the  depots.  In  the  invaliding  the  rates  were 
decidedly  lower  in  the  household  cavalry,  the  foot  guards,  and  the  infantry 
of  the  line,  whilst  there  Avas  a  slight  increase  of  the  cavalry  of  the  line, 
and  the  rate  was  high  in  the  depots. 

Unfortunately  since  1876  this  information  is  no  longer  available,  it  being 
omitted  from  the  Army  Medical  Rf^ports. 

How  does  this  mortality  compare  with  that  of  the  male  civil  population  at 
the  soldiers'  ages  ? 


Mortality  from  Phthisis. 

Male  Civilians.2  Age. 

All  England  and  Wales,       .       .       20  to  25  3-5 

.       .       25  „  30  4-0 

.       .       30  „  35  4-1 

.       .       35  „  40  4-1 

}>  })  •       .       15     55  3*7 

.       .       25  „  45  4-02 

London,  15  „  55  4-5 

Worst  districts  in  England,  excluding  hospitals,  5*0 

Best  districts  in  England,     .....  1-96 


The  deaths  in  the  army  from  phthisis  and  htemoptysis  are  less  than  the 
deaths  in  the  population  generally.  They  are,  however,  on  an  average 
greater  than  in  the  best  districts  iu  England,  although  the  rate  for  1880  (viz. 
1-98)  was  very  nearly  the  same.  But  in  the  army  there  is  invaliding  also  ; 
that  is,  men  with  a  fatal  disease  are  discharged  into  the  civil  population.' 
In  1880  there  were  invalided  for  tubercular  disease  4*15  per  1000,  and  this 
added  to  the  deaths  (1-98)  gives  6-13  as  the  ratio  of  loss  from  that  class  of 
disease.  Takhig  this  into  consideration,  it  seems  certain  that  phthisical  disease 
is  still  in  excess  in  the  army  as  compared  with  the  male  civil  population. 

Did  the  army  suffer  more  from  phthisis  in  former  years  than  it  does  now? 
The  following  table  will  answer  this  question  :■ — 


1  Roth  and  Lex,  np.  cit.,  vol.  iii.  p.  392. 

2  Parliamentary  Return  oi  Annvxd  Average.  Mortality  during  the  Decennial  Period  ISf.i  rc\ 
Feb.  1864  ;  and  Dr.  Farr's  Report  to  the  Sanitary  Cmimission,  p.  .507.  ' 
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Years  1830-36, 

Years  1837-46, 

777 y  ycurs 

—  1  fi  vonrtt 

7-4 

6-28 

5-29 

5-65 

10-8 

11-9 

7-75 

7-83 

7-89 

Deaths  from  Phtliuis  pi/r  1000  of  Strejufth. 

Household  Cavaliy, 
Cavalry  of  the  Line,  . 
Foot  Guards,  .... 
Infantry,  .... 

Mean, 

Daring  these  two  periods,  which  make  a  total  of  seventeen  years,  the 
mortality  was  7 "86  per  1000,  and  there  was  no  decline  in  the  later  as  com- 
pared with  the  earlier  period. 

But  as  in  the  8  years  ending  with  1866  the  mortality  was  only  3*1  per 
1000,  in  the  5  years  ending  1871,  only  2*6,  in  the  9  years  ending  1880,  only 
2-3,  and  in  1880  itself  under  2  per  1000,  giving  for  the  whole  period  of  22 
years  only  2-6,  there  must  have  been  an  enormous  excess  of  mortality  in  the 
earlier  period,  unless  it  can  be  explained  in  some  way. 

(a)  In  the  earliest  periods  the  mortality  from  chronic  bronchitis  was  included 
in  the  phthisical  mortality.  If  a  correction  is  made  for  this,  the  mortahty  of 
the  period  1859-1880  would  not  reach  3-0;  so  that  will  not  explain  the 
difference. 

(b)  Was  the  invaliding  more  active  in  the  last  period,  so  as  to  lessen  the 
deaths  occurring  in  the  army  below  what  would  have  taken  place  without 
invaliding  1  The  information  about  the  early  periods  is  scarcely  obtainable, 
but  there  seems  no  reason  to  think  it  was  less  than  subsequently,  but,  on  the 
contrary,  it  was  very  large  from  the  foot  guards.  That  invaliding  cannot 
account  for  the  difference  is  seen  by  the  fact  that  the  annual  deaths  per 
1000  in  the  seventeen  years  ending  1846  {viz.,  7-86)  were  more  numerous 
(in  the  cavalry  and  infantry  of  the  line)  than  the  average  of  deaths  and 
invaliding  together  in  the  period  of  five  years  ending  1871. 

(c)  The  Limited  Enlistment  Act,  by  which  a  certain  number  of  weakly  men 
may  possibly  have  left  the  army,  was  in  action  in  the  last  period.  It  is 
impossible  to  estimate  the  amount  of  this  action,  but  it  is  in  the  highest 
degree  improbable  that  it  had  much  direct  effect ;  for  if  a  man  of  nearly  ten 
years'  service  were  ill  with  phthisis,  he  would  be  sure  to  get  invaUded,  in 
order  to  enjoy  his  temporary  pension  for  two  or  three  years,  and  would  not 

simply  take  his  discharge.  _    -,      i-  .      ^  .  . 

(d)  The  lessened  age  of  the  army  at  large,  if  the  Limited  Lnhstment  Act 
has  produced  that  effect,  might  perhaps  have  had  some  effect,  as  mortahty 
from  phthisis  increases  with  age  in  the  French  army,  and  probably  m  our  own; 
but  this  would  never  account  for  the  astonishing  difference  j  for  in  the  French 
army  the  increase  from  phthisis  of  the  men  over  fourteen  years'  service,  as 
compared  with  those  under,  is  only  1  per  1000  of  strength. 

We  may  conclude,  then,  that  there  was  a  greater  excess  of  the  disorganis- 
incrlung  diseases  classed  as  phthisis  in  the  earlier  period  (1830-46)^  iJve 
amount  of  phthisis  strongly  attracted  the  attention  of  Sir  Alexander  TiJIoch 
and  Dr  Balfour  in  1839.  They  state  that  in  the  Equitable  Assurance  Com- 
pany at  that  tiQie  the  annual  mortality  (at  the  ages  20  to  40)  from  disease  of 
the  lungs  was  34  per  1000  ;  while  in  the  years  1830-36  the  mortality  from 
disease  of  the  lungs  among  the  foot  guards  was  no  less  than  14-1  per  lOUU, 
of  which  phthisis  alone  caused  10-8.1   

1  lu  commenting  on  this  fact  the  reporters  say  (^Imy  .Verf^caJ  7?j>or«  ^ 
"  If  the  aggregation  of  a  number  of  men  into  one  apartment,  even  thongli  the  space  i.-,  not  ^ery 


CAUSES  OF  MORTALITY  ON  HOME  SERVICE. 


607 


How  does  our  army  contrast  with  otliers? 

In  France  the  deaths  from  phthisis  and  chronic  bronchitis  together  amount 
to  2-75  per  1000  of  "present,"  but  some  die  "  en  conge;''  and  it  is  probable 
that  there  is  at  present  at  least  as  much  phthisis  in  the  French  as  in  our  own 
army.  In  the  Prussian  army  the  men  are  also  discharged  early,  so  that  com- 
parison is  difficult. 

In  the  Prussian  army  the  mean  yearly  mortality  from  laryngeal  and  lung 
phthisis  was  1-28  per  1000  of  strength  (years  1846-63);  in  100  deaths 
there  were  13-57.  What  the  amount  of  invaliding  was  at  that  time  does  not 
appear  to  be  recorded,  but  in  1868-9  it  was  about  3  per  1000  of  strength.^ 

We  may  conclude,  then,  with  regard  to  phthisis — 

1.  That  it  was  formerly  in  enormous  excess  in  the  army  over  the  civil 
population,  and  particularly  in  the  foot  guards;  in  other  words,  a  large 
amount  of  consumption  was  generated. 

2.  That  there  has  been  a  great  dechne  of  late  years,  though  there  is  still 
in  all  probability  some  excess,  especially  in  the  household  troops. 

What  are  the  causes  of  this  phthisical  excess  in  the  years  1830-46  ?  It  is 
noticeable  that  in  the  earlier  periods  all  affections  of  the  lungs  were  also  in 
excess,  and  we  can  readily  see  that  a  number  of  antecedents  may  combine  in 
producing  the  result,  and  that  destructive  lung  diseases  may  proceed  from 
many  causes.  Still  there  must  have  been  some  predominating  influence  at 
work. 

The  phthisis  was  not  owing  to  climate,  for  that  is  unchanged.  Moreover 
we  shall  hereafter  see  that  the  same  excess  was  seen  in  the  Mediterranean 
stations  and  the  West  Indies. 

It  was  not  owing  to  syphilis,  for  until  late  years  the  amount  of  syphilis 
has  rather  increased  than  diminished,  while  phthisis  has  lessened. 

It  was  not  owing  to  bad  food,  for  the  food  was  the  same  in  all  the  branches 
and  yet  the  amount  of  phthisis  was  widely  different.    Besides,  the  food  has 
been  comparatively  little  altered. 

It  can  hardly  have  been  the  duties  or  clothing,  for  there  has  been  no 
sufficient  change  m  either  to  account  for  the  alteration,  unless  the  abolition 
of  one  of  the  cross-belts  some  years  ago  had  some  effect.  But  then  this  would 
have  only  affected  the  infantry. 

_  It  must  have  been  some  conditions  acting  more  on  the  foot  guards  than 
m  the  household  cavalry,  and  less  in  the  line  regiments ;  also  it  must  have 
been  acting  m  the  troops  stationed  in  the  Mediterranean  and  the  West  Indies 
Ihere  is^  only  one  condition  common  to  all  which  seems  capable  of  explainin-l- 
it,  and  that  the  cause  noticed  m  the  Eeport  of  1839,  viz.,  overcrowdina  This 
condition  was,  and  is  still  most  marked  in  the  barracks  of  the  foot'^'.^uards 
and  least  in  the  barracks  of  the  cavalry  of  the  line.  It  is  the  only  condition 
which  has  undergone  a  very  decided  change  both  at  home  and  abroad  This 
consideration  as  weU  as  those  formerly  noticed  in  the  section  on  Am  seems 
to  make  it  almost  certain  that  the  breathing  the  foul  barrack  atmosphel 
was  the  principal,  perhaps  the  only,  cause  of  this  great  mortality  fSino- 

rlnry"  oops.  ^""^''^      '''''      worst  houS 

2.  Di-Hcascs  of  the  Heart  and  Vessels. 
The  fact  that  diseases  of  the  circulatory  system  rank  second  as  causes  of 
deatli^in  the  army  at  home  may  well  surprise  us.    Is  is  marked  in 

confined  creates  a  tendency  to  this  disease,  then  it'ch^-lvnoint^.  nnf      ,  \  " 

the  sohl.er  as  ample  barrack  accommodatiok  as  ].oss  l  ie  even  at  H'l-'^   of  affording 

that  no  other  cause  hut  overcrowding  could  account  for  tli /jilt  was  seen 

'  Rotli  and  Lex,  op.  r.U.,  vol.  iii.  p.  391  '  °*  ^^"S  ^^i^ease. 
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as  much  in  the  artillery  and  cavalry  as  in  the  infantry.  The  ratio  per  1000 
of  strength  for  the  five  years  (1867-71)  for  all  diseases  of  the  organs  of 
circulation  was  1-462,  and  in  those  years  out  of  every  100  deaths  no  less  than 
16-7  wore  from  disease  of  the  heart  and  vessels.  In  addition,  there  was  a 
large  amount  of  invaliding  from  this  cause. 

If  the  fatal  diseases  of  the  circulatory  system  of  the  five  years  (1867-71)1 
are  divided  into  two  classes,  those  referred  to  some  disease  of  the  heart  itself 
(chiefly  chronic),  and  those  referred  to  aneurism  (including  an  occasional  rare 
return  headed  "Degeneratio  Aortne"),  it  is  found  that  the  deaths  are  : — 


From  cardiac  disease, 
From  aneurism, 

Total,  . 


Per  1000  of  Strength. 

•727 
•735 

1-m 


In  100  Deaths. 

8-31 
8-4 


16-71 


These  numbers  are  higher  than  those  of  the  nine  years  (1859-67),  when 
the  mortality  from  circulatory  diseases  was  only  -908  per  1000  of  strength,  and 
the  percentage  on  the  total  deaths  was  9. 

This  mortality  is  in  excess  of  that  of  the  civil  male  population  of  the  same 
age,  especially  as  regards  aneurism.  Dr.  Lawson  has  calculated  that  aneurism 
is  eleven  times  more  frequent  among  soldiers  than  civilians ;  and  he  has  also 
calculated  that  among  civilians,  aged  15  to  44,  the  ratio  of  mortality  from 
cardiac  affections  alone  is  -45  per  1000.  The  army,  then,  in  the  years 
1867-71,  had  an  excess  of  '277  per  1000  of  heart  disease.  Myers'  statistics 
are  confirmatory.  The  amount  of  heart  disease  is  greater  among  the  foot 
guards  than  among  the  metropolitan  policeman.  Myers  in  his  able  treatise  - 
gives  the  following  numbers  : — 

Died  per  1000.  Invalided  per  1000. 

Foot  Guards,         ...       -8  3-2 
Police,      .  ...       -29  1-37 

It  is  greater  among  soldiers  than  sailors ;  from  six  years'  observations 
(1860-65)  Myers  ^  makes  the  navy  mortality  -66,  and  the  invaliding  3-44  per 
1000  ;  while  in  the  army  in  the  same  years  the  mortality  was  -9,  and  the 
invaliding  5 '26. 

If  the  different  arms  of  the  service  are  taken,  the  following  numbers  are 
given  by  the  five  years  1867-71 : — 


Mean  yearly  strength, 

Total  deaths  from  disease  of  the 

heart  in  five  years, 
Total  deaths  from  aneurism  in 

five  years, 
Heart  deaths  per  1000  of  strength, 
Aneurismal  deaths  per  1000  of  \ 

strength,  per  annum,      .       .  \ 


Cavalry  of 
Giiiird. 

Cavalry  of 
Line. 

Artillf.ry. 

Foot 
Guards. 

Infantry 
of  Line. 

1,213 

8,468 

9,417 

5,749 

31,729 

1 

24 

57 

19 

73 

2 

37 

49 

20 

103 

•181 

•566 

1^210 

-661 

•460 

•329 

•873 

1-041 

•695 

•649 

The  numbers  in  the  household  cavalry  are  so  small,  it  is  not  safe  to  u- 
them;  but  the  other  numbers  are  sufficiently  large  to  render  it  probable  tha 


1  Tu  the  recent  returns  the  diflferential  diagnosis  is  not  given.    In  the  9  years,  1872-80,  th 
deatlis  per  1000,  from  diseases  of  the  circulating  system,  were  1^17,  and  the  percentage  ofto 
deaths,  14 •S.  ^      ,     "  t  j 

^  Diseases  of  ffearl  amnng  Soldiers,  by  A.  B.  R.  Myers,  Coldstream  Guards.  Lomlo 
1870. 

••'  Ihid.,  p.  11. 
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the  artillery  show  a  larger  proportion  of  fatal  cardiac  and  aneurismal  cases  than 
any  other  body  of  troops.  The  line  cavalry  and  line  infantry  both  show 
rather  an  exce.ss  of  aneurismal  over  heart  deaths ;  while  the  artillery  show 
more  heart  than  aneurismal  deaths,  and  in  the  foot  guards  the  proportion  is 
equal.  The  point  which  comes  out  clearly  from  the  table,  in  addition  to  the 
large  amount  in  all,  is  the  excess  of  both  classes  of  deaths  in  the  artillery;  that 
it  is  a  real  excess  is  seen  by  comparing  the  yearly  number  of  the  artillery  and 
cavalry  of  the  line  who  did  not  differ  greatly  in  mean  strength.  The  produc- 
tion of  these  diseases  of  the  circulatory  organs  begins  very  early  in  the  military 
career.  In  1860-62  Dr.  Parkes  calculated  out  the  causes  of  invaliding  in 
6856  men.  Of  these  1014  were  under  two  years'  service.  In  the  whole 
number  the  percentage  of  heart  and  vessel  disease  as  the  cause  of  the  invalid- 
ing was  7-7  ;  among  the  men  under  two  years'  service  it  was  14-23  per 
cent.  As  these  men  had  presumably  healthy  hearts  when  they  enlisted,  the 
effect  both  of  the  military  life  in  producing  diseases  of  the  circulatory  organs^ 
and  the  greater  suffering  from  it  of  young  soldiers,  seems  certain.  The 
statistics  in  the  Knapsack  Committee's  Eeport  confirm  this. 

The  cause  of  this  preponderance  in  the  army  of  diseases  of  the  circulatory 
organs  is  a  matter  of  great  importance.  Whatever  they  may  be,  it  is  probable 
that  they  produce  both  the  cardiac  and  the  arterial  disease. 

The  two  most  common  causes  of  heart  disease  in  the  civil  population  are 
rheumatic  fever  in  young,  and  renal  disease  in  older  persons.  The  latter 
cause  is  certainly  not  acting  in  the  army,  and  the  former  appears  quite 
insufficient  to  account  for  the  facts.  A  great  number  of  the  men  who  suffer 
from  heart  and  vessel  disease  have  never  had  acute  rheumatism;  and  if  we 
refer  the  affection  to  slight  attacks  of  muscular  rheumatism,  which  almost  every 
man  has,  we  are  certainly  going  beyond  what  medical  knowledge  at  present 
warrants.  The  effect  of  lung  disease  in  producing  cardiac  affections  is  also 
not  seen  in  the  army  to  any  extent. 

The  influence  of  syphilis  in  producing  structural  changes  in  the  aortic  coats 
was  noticed  by  Morgagni.    In  114  post-mortem  examinations  of  soldiers 
dying  at  Netley,  Dr.  Davidson  i  found  22  cases  of  atheroma  of  the  aorta.  Of 
those  17  had  a  syphilitic  history,  1  was  doubtful,  and  4  had  had  no  syphilis 
but  had  heart  and  lung  diseases.    Of  the  whole  114  cases,  78  had  no 
syphihtic  history  and  had  4  cases  of  atheroma,  or  5-1  per  cent. ;  28  had  a 
marked  syphilitic  history  and  17  had  atheroma,  or  no  less  than  607  percent 
This  seems  very  strong  evidence  as  to  atheroma.    With  respect,  however,  to 
actual  aneurism,  no  corresponding  analysis  of  cases  has  been  made,  and  there- 
fore at  present  the  effect  of  syphiHs  must  be  considered  uncertain,  but  it  .is 
quite  clear,  even  admitting  its  influence,  there  is  no  reason  to  think  that 
syphilis  prevails  more  among  soldiers  than  among  the  civil  male  population 
of  the  same  class.    It  is,  therefore,  unlikely  that  an  excess  of  syphilis,  if  it 
really  occurs  among  soldiers,  and  if  it  actually  predisposes  to  aneurism  a^ 
seems  probable,  could  produce  11  times  as  many  aneurisms  as  in  c'ivil 
persons.    Myers  has  also  given  evidence  that  both  in  the  army  and  navv 
aneurism  is  sometimes  not  preceded  by  degeneration  of  the  arterial  coats,  and 
in  these  cases  mere  improper  exertion  seemed  to  produce  it. 

The^  effect  of  excessive  smoking  again  has  been  assigned  as  a  cause  of  the 
soldier  s  cardiac  disease;  but  no  one  who  knows  the  habits  of  many  con 
tinental  nations  and  of  some  classes  among  our  own,  could  for  a  moment 
believe  this  to  be  the  cause.  '  ^ 

Again,  the  effects  of  alcohol  in  constantly  maintaining  an  excessive  action 

1  Army  Malical  Department  Repm-t,  vol.  v.  p.  481. 
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of  the  heart,  are  so  marked  as  to  make  it  highly  probable  that  this  is  a  fact 
of  great  importance ;  hut  soldiers  do  not  drink  so  much,  as  compared  with 
civilians,  as  to  lead  us  to  think  the  cause  can  explain  the  prevalence.  0k 

There  is,  however,  one  cause  which  is  continually  acting  in  the  ca.se  of 
soldiers,  and  that  is  the  exertion  (often  rapid  and  long  continued)  which  some 
of  the  duties  involve.^  The  artillery  have  very  heavy  work;  often  it  is  very 
violent  and  sudden,  more  so  perhaps  than  in  any  other  corps  ;  the  cavalry 
also  have  sudden  work  at  times ;  and  the  infantry  soldier,  though  his  usual 
labour  is  not  excessive,  is  yet  sometimes  called  upon  for  considerable  exertion, 
and  that  not  slowly,  or  with  rests,  but  with  great  rapidity.  And  this  exertion 
is  in  all  arms  undertaken  with  a  bad  arrangement  of  dress  and  of  equipments. 
The  cavalry  and  artillerymen  are  very  tightly  clothed,  and  though  the  horse 
carries  some  of  the  burden,  it  is  undoubted  that  the  men  are  overweighted. 
In  the  infantry,  till  lately,  they  wore  very  tight-fitting  tunics,  with  collars 
made  close  round  the  neck,  and  trousers  (which  were  often  kept  up  by  a 
tight  belt)  ;  there  was  a  broad  strap  weighted  below  with  a  heavy  pouch 
and  ammunition,  crossing  and  binding  down  the  chest ;  and  there  was  the 
knapsack  constricting  the  upper  part  of  the  chest,  and  hindering  the  air  from 
passing  into  the  proper  lobes. 

The  production  of  heart  disease  ought  not  to  be  attributed  solely  to  the 
knapsack,  as  is  sometimes  done;  the  knapsack  is  only  one  agency;  the  cross- 
belt  was  probably  worse,  and  the  tight  clothes  add  their  influence.  But  even 
with  the  knapsack  alone  the  effect  on  the  pulse  is  considerable,  and  one  or 
two  of  Dr.  Parkes'  experiments  may  be  given  in  illustration.  Thus,  four 
strong  soldiers  carried  the  old  regulation  knapsack,  service  kit,  greatcoat,  and 
canteen,  but  no  pouch  and  no  waist-belt  (except  in  one  man).  The_  pulse 
(standing)  before  marching  was  on  an  average  88 ;  after  35  minutes  it  had 
risen  on  an  average  to  105  ;  after  doubling  500  yards,  to  139,  and  in  one  of 
the  men  was  164,  irregular  and  unequal.  After  the  double  they  were  all  un- 
fit for  further  exertion.  In  a  fifth  man,  who  was  not  strong,  the  35  minutes' 
marching  raised  the  pulse  from  120  to  194;  after  doubhng  250  yards,  he 
stopped  ;  the  pulse  then  could  absolutely  not  be  felt.  In  another  series,  the 
average  pulse  of  four  men,  with  the  knapsack  only,  was  98  (standing),  after 
one  hour's  march,  112  ;  after  their  doubling  500  yards,  141.  If  the  pouch 
with  ammunition  is  added,  the  effect  is  still  greater.  Dr.  Parkes  also  took 
the  pulse  and  respirations  after  long  marches,  and  found  the  effect  stdl  more 
marked.  Walking,  of  course,  will  quicken  the  pulse  and  respiration  in  any 
man,  but  not  to  such  an  extent,  and  the  sense  of  fatigue  in  unincumbered 
men  is  much  less. 

In  the  lecture  formerly  alluded  to,2  Dr.  Maclean  put  this  matter  most 
forcibly  before  the  authorities,  and  he  is  undoubtedly  quite  justified  m  the 
expression  that  one  cause  of  the  cardiac  (and  perhaps  of  the  aortic  and 
pulmonary)  disease  in  the  army  is  to  be  found  in  exertion  carried  on  under 
unfavourable  conditions.  .  .    ,  ,^  ■ 

Happily,  much  has  been  lately  done  by  the  authorities  to  remove  this  cause, 
but  stJll,  especially  in  the  artillery  and  mounted  service,^  changes  appear  to 


1  Vr.v  n  full  and  able  discussion  on  all  those  points,  and  for  additional  evidence  reference 
niusf  be  ma?e  to  m7  Mye^~  work.  On  the'effect  of  exertion  during  ^vav  m  cau^uj 
criLrhyi^rtro^^^^^^^  may  be  made  to  Dr.  Fniut..ers  paper  in  Virchow  s  Arclm ,  Band 

Ivii  p  21.5 

■^'jioycd  ' Uniled  Service  Jnslitulion  Journal,  vol.  vin.  ,vrote-"I  have  seen  at 

"  The  cardiac  diseases  are  of  the  most  varied  kind.    Dr.  P^'J^',^^' '^^^^^     ^,'^,,1,  .^],„ost 
Netley,  in  Dr.  Maclean's  wards,  in  one  hour  in  the  summer  wl  en       ^^f}^'^  jl,^'^^  U>e 
.all  the  combinations  of  heart  affections.    It  has  --^Pf '-^'•^'1      "  f,  *  f  ^^^i^S 
tendency  to  heart  affections,  then  the  dress  and  accoutrements  come  m  as  ac.essorj  cau,  , 
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be  necessary,  and  in  all  arms  it  is  desirable  that  officers  should  allow  their  men 
to  do  their  work  ifnder  the  easiest  conditions,  as  regards  clothes,  weights,  and 
attitudes,  consistent  with  military  discipline  and  order. 

3,  The  Nervoibs  Diseases. 

These  form  a  very  heterogeneous  class ;  apoplexy,  meningitis,  paralysis, 
mania,  &c.,  are  the  chief  headings.  The  proportion  to  1000  of  strength  is 
about  -6,  and  6*6  deaths  of.  every  100  are  owing  to  nervous  diseases.  As 
among  the  male  civil  population  (ages  25  to  35)  the  deaths  are  also  6-6  per 
cent,  of  total  deaths,  soldiers  do  not  appear  to  suffer  more. 

4.  Pneumonia  and  Acute  Bronchitis.'^ 

Table  to  show  the  admissions  and  deaths  per  annum  per  1000  of 
strength,  years  1859-71  (thirteen  years). 


Pneumonia. 

Acute  Broncliitis. 

Admissions. 

Deatlis. 

Admissions. 

Deaths. 

Average,  

Highest  in  thirteen  years. 
Lowest  in  thirteen  years,  . 

5-25 
7-13 
3-49 

•641 
•741 
•423 

55-65 
88  •OO 
39-10 

•227 
•380 
•080 

The  acute  inflammatory  diseases  of  the  lungs  give,  therefore,  a  mean  annual 
mortality  of  •856  per  1000  of  strength.  The  mean  total  deaths  from  diseases 
of  the  respiratory  system,  for  the  nine  years  (1872-80)  was  1^34  per  1000, 
causing  17  per  cent,  of  total  deaths. 

In  the  F rench  army  pneumonia  gives  a  lower,  and  acute  bronchitis  a  higher, 
mortality  than  in  our  own,  but  this  is  perhaps  a  mere  difference  of  nomen- 
clature. 

The  opinion  that  the  military  suffer  more  than  the  civil  population  from 
pneumonia  is  an  old  one.  It  is  also  generally  believed  that  they  suffer  less 
m  the  held  than  in  garrison.  Trustworthy  statistics  seem  wanting  as  to  the 
amount  among  the  civil  population.  In  the  European  population,  generally, 
fn?.T'l  ^'""^  pneumonia  as  1-5  ;  and  Oesterlen,^  1-25  per 

1000 ;  but  this  includes  all  ages,  and  both  sexes.  Among  men  alone  it  is 
certainly  greater  than  among  women.  Ih  London,  in  1865,  the  mortality 
po^ilation"^*'''''''  ^^^^      ^^'^       (^o*^^  sexes),  was  1  per  1000 

If  this  be  correct,  the  mortality  among  soldiers  is  below  the  civil  mortality 
or  soldiei-s  are  Jess  subject  than  civilians ;  for,  as  men  are  more  subject  to 
pneumonia  than  women,  the  mortality  among  the  civilian  males  would  be 
greater  than  1  per  1000,  but  the  military  mortality  is  only  •641.  The 
Jw!  ^  ^  fT-^?  ^^"^  ™^  pneumonic  cases  (deaths  to  treated),  amounts 
(average  of  thirteen  years)  to  12-18  per  cent.,5  Ind  as  this  is  very  nearly  the 
civil  proportion,  every  1000  of  population  in  London  gave  nine  cases  of 


troXVf  th?wl,?f  ••  ^""i  f.s.tf'ere  is  no  valvular  disease,  and  not  much  hyper- 

eVe^tion."  "  «^«'tabihty,  so  that  the  heart  beats  frightfully  qmalc  S 

^'  SS*/7?/'*^/'Vw  5/"^?''l«rV"  the^my  Medical  Reports  for  the  later  years 
3  S^Sr^iCk'ftdit^'^rs'^'''  1862,  No.  3,  p.  337.' 

5  1865,  Paris,  1866,  p.  137 

in  thirteen  years  there  were  4826  cases  treated,  and  688  deaths  or  l^.ifi 
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pueuraonia,  while  1000  soldiers  gave  only  five.  It  may  be  said,  however, 
that  London  is  not  a  fair  test  ;but  as  a  place  of  residence  for  soldiers  it  does 
not  appear  to  predispose  to  pneumonia,  as  will  be  seen  from  the  following 
table  : — 

Per  1000  of  Strengtli,  ^ 
years  1864-71.  V 
Foot  Guards      Infantry  in  the 
in  London.      Kingdom  generally. 

Admissions  from  pneumonia,  .  .  .  3*75  6-06 
Deaths  from  pneumonia,  ....         "44  '66 

The  mortality  to  cases  treated  in  the  live  years  (1867-71)  was,  in  tho 
Guards,  10-68,  and  in  the  infantry,  11-7  per  cent. 

Although  it  does  not  seem  that  pneumonia  (and  acute  bronchitis  1)  are  more 
common  or  more  fatal  among  soldiers  serving  at  home  than  among  civilians, 
the  above  figures  show  what  a  fatal  disease  pneumonia  is,  and  how  worthy  of 
renewed  study  its  causes  are. 

5.  The  Class  of  Continued  Fevers. 
The  returns  do  not  carefully  distinguish  the  several  forms,  but  practically 
the  majority  of  the  fatal  cases  of  "continued  fever"  are  from  enteric 
(typhoid)  fever. 

There  has  been  a  great  decline  in  this  class  of  late.  In  the  ten  years 
(1837-46)  the  average  admissions  were  62,  and  the  deaths  1-72  per  1000  of 
strength.  In  the  eight  years  ending  1867,  the  admissions  averaged  22,  and 
the  deaths  -5  per  1000  of  strength.  In  1871  there  were  only  80  cases  of 
enteric  fever  and  22  deaths  in  the  whole  army  of  87,000  men.  In  the  four 
years  ending  1875  the  mean  total  deaths  from  continued  fever  were  0-37  per 
1000  and  they  amounted  to  4 '4  per  cent,  of  the  total  deaths.  In  the  five 
years' ending  1880  the  total  deaths  were  0-30  per  1000,  and  the  numbers  to 
total  deaths  4-1  ;  in  1880  the  numbers  were  respectively,  0-26  and  3-8. 

This  mortality  it  decidedly  below  that  of  the  male  civil  population  of  the 
same  age,  which  amounts  to  9-6  per  cent,  of  total  deaths,  and  very  nearly 
1  per  foOO  of  population.  ,  .  .  .x.  W 

Durinc  late  years  no  points  have  been  more  attended  to  in  the  army  tfian 
pure  water  supply  and  good  sewerage,  and  we  see  the  results  in  this  very  large 
diminution  of  deaths  from  the  rate  of  the  former  period,  and  in  the  fact  that 
in  this  particular  class  of  disease  the  soldier  is  far  better  off  than  the  civil 
population  So  also  the  cholera  of  1866  passed  very  Hghtly  over  the  army  at 
home  (only  13  deaths  out  of  70,000  men),  although  in  former  epidemics  the 
array  suffered  considerably.  i         j    .  •  f 

The  decline  of  enteric  fevers  confirms  most  strongly  the  doctrine  ol  its 
intimate  dependence  on  bad  sewage  arrangements.    _  . 

The  greatest  amount  of  typhoid  fevers  in  the  army  is  m  the  garrisons  in  the 
seaports,  the  least  in  the  camps. 

The  other  classes  of  disease  causing  mortahty  need  no  comment.  Chrome 
bronchitis  is  no  doubt  to  be  chiefly  referred  to  phthisis  (using  that  term 
I  creneric  word  to  include  various  disorganising  lung  diseases),  and  dehnum 
tremens  is  a  return  which  will,  no  doubt,  gradually  disappear  m  fact,  as  it 
has  already  done  mfiqures  from  the  pubhslied  Keports.  -,  nn  ^ 

The  smaller  items'of  mortality,  making  up  about  22  out  of  every  100  deatt., 
are  various  -  erysipelas,  pyaemia,  syphilis,  hepatitis  (in  men  from  foici^ii 
^vice  ent  ritil,  rheumatism  (from  heart  complication  probably,  but  i^tum  j 
as'heumatism),  diabetes,  ebriositas,  scarlet  fever,  and  ^^^V^^^'^'-^^^^^^^ 
the  many  causes  which  carry  off  a  small  number  every  yea  J^^^ J^'^^^^^^^^^ 
and  kidney  diseases  are  very  few,  as  we  might  expect  from  the  age  of  the  m.«. 
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To  sum  up  the  case  as  regards  the  present  mortality  on  home  service,  it  may- 
be stated  that  for  the  last  twenty-one  years  (up  to  1880)  there  has  been  some 
lessening,  but  no  great  fall  in  the  number  of  deaths.  There  is  still  much  to 
be  done  in  respect  of  preventing  disorganising  lung  disease,  disease  of  the 
circulatory  organs,  and  even  fever,  for  we  ought  not  to  be  satisfied  until  the 
term  enteric  fever  is  altogether  obliterated.  A  renewed  study  of  the  causes 
of  pneumonia  is  also  necessary,  in  order  to  see  if  some  way  or  other  the  attacks 
of  that  fatal  disease  cannot  be  lessened.  There  is  no  reason  to  think  that  we 
have  yet  touched  the  lowest  possible  limit  of  preventable  disease  ;  but,  on  the 
contrary,  we  can  see  clearly  that  the  soldier,  comparatively  healthy  as  he  is, 
may  be  made  more  healthy  still.  Some  evidence  in  support  of  such  a  view 
may  be  found  in  the  fact,  that  both  at  Gibraltar  and  in  some  of  the  West 
Indian  stations  the  mortality  has  been  lower  in  some  years  than  it  has  ever 
been  at  home.  But  there  is  no  reason  why  the  home  mortality  should  not 
be  reduced  to  the  standard  of  those  foreign  stations. 

A  question  now  arises — Why,  after  thirty  years  of  age,  should  the  soldier 
die  more  rapidly  than  the  civilian,  though  for  the  first  ten  years  of  his  service 
he  has  a  smaller  mortality  ?  The  causes  may  be  foreign  service,  bad  social 
habits  (i.e.,  excess  of  drinking  and  syphilis,  or  other  efi'ects  of  enforced  celi- 
bacy), night  duty,  exposure  on  guard,  and  prolonged  influence  of  imj)ure 
barrack  air.  But  to  which  of  these  the  result  is  owing  could  only  be  deter- 
mined by  accurate  statistical  inquiries  of  the  causes  of  mortality  at  the  older 
ages.  We  do  not  know  these,  and  if  the  short  service  system  continues  we 
are  hardly  likely  to  know  them,  so  it  is  of  no  use  to  discuss  a  topic  on  which 
sufficient  facts  are  not  available. 


B.  Loss  OP  Strength  of  the  Army  by  Invaliding. 

The  amount  of  invaliding  is  influenced  by  other  causes  than  mere  inefficiency 
of  the  men ;  sometimes  a  reduction  is  made  in  the  army,  and  the  opportunity 
is  taken  to  remove  weakly  men  who  would  otherwise  have  continued  to  serve. 
This  was  the  case  in  1861.  As  invaliding  greatly  affects  the  mortality  of  the 
army,  a  source  of  fallacy  is  introduced  which  it  is  not  easy  to  avoid. 

During  the  seven  years  (1860-66),  there  were  invalided  every  year  nearly 
37  men  out  of  every  1000,  thus  making  a  total  loss  by  death  and  invaliding 
from  disease  of  nearly  46  men  per  1000,  or  about  one-twenty-second  part  of 
the  whole  force.  In  1867  the  invaliding  was  lower,  viz.,  22-18  per  1000. 
For  the  ten  years  (1870-1879,)  the  invaliding  in  the  United  Kingdom  was  at 
the  rate  of  27-18  per  ICOO,  and  the  deaths  were  8-18, — making  together 
35-36,  or  one-twenty-eighth  part  of  the  force.  For  the  whole  army  the  numbers 
were,  22-15  and  12-67,— together  34-82,  or  slightly  less.  In  1880  the  total 
loss  for  the  United  Kingdom  was  only  one-thirty-fourth,  and  for  the  whole  army 
one-twenty- eighth.  The  causes  of  the  invaliding  were  formerly  very  carefully 
ascertained  by  Dr.  Balfour,  and  inserted  in  his  Reports,  but  the  information  is 
now  omitted  from  the  Army  Medical  Department  Reports.  Speaking  in  round 
numbers,  for  the  period  when  detailed  returns  were  furnished,  phthisis  and 
scrofula  account  for  about  one-fourth  of  the  invalids,  and  if  chronic  bronchitis 
was  included,  for  nearly  seven- twentieths,  the  two  items  of  hypertrophia  cordis 
and  morbus  valv.  cord,  accounted  for  one-tenth  and  chronic  rheumatism  for  one- 
fourteenth.  The  three  nervous  diseases  of  amentia,  mania,  and  epilepsy 
always  caused  a  large  number  of  invalids,  amounting  nearly  to  one-tenth  or 
almost  the  same  as  the  two  classes  of  heart  diseases.  All  the  other  items  were 
smaller.  In  men  invalided  under  one  year's  service  nearly  one  quartpr  were 
so  from  epilepsy;  the  remaining  chief  causes  were  phthisis  and  diseases  of  the 
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10  dimiiush  as  a  consequence  of  the  short  service  system. 

SECTION  II. 

LOSS  OF  SERVICE  FROM  SICKNESS  PER  1000  PER  ANNUM. 

(a)mimher  of  Admissions  into  Hospital.~On  an  average,  1000  soldiers 
frrnrv^VQ?  Ti  admissions  into  hospital  per  annum;  809-1  in  ton 
jeais  (1870-79  Ihe  numbcn;  vanes  m  the  different  arms  from  about  600 
m  the  Household  Cavalry  and  Engineers,  which  is  usually  the  lowest,  to  about 
1100  in  the  Cavalry  and  Artillery  Dep6ts.  In  the  lirst  case  the  steady 
character  of  the  men,  many  of  whom  are  married,  and  in  the  second  the 
frequency  of  contusions  during  drill,  account  for  this  great  range.  In  the 
Infantry  the  average  is  from  850  to  1020.  In  1880  the  highest  rate  was  in 
the  cavalry,  1016-4,  and  the  lowest  in  the  Eoyal  Engineers,  587-8,  the  Foot 
Guards  showing  1003-8,  and  the  Infantry  (including  depots)  943-6 

Ihe  number  of  admissions  remained  tolerably  constant  for  twentv-five 
years,  but  during  late  years  has  been  sensibly  decHning. 

The  admissions  in  the  French  army  are  not  comparable  with  ours :  slight 
cases  of  sickness  (which  with  us  are  often  not  recorded)  are  treated  in  barracks 
(a  la  chamlre),  severer,  but  still  slight,  cases  in  the  infirmaries,  bad  cases  in 
the  general  hospitals.  The  mean  of  five  years  (1862-66)  gives  2028  total 
admissions  per  1 000  "  present. "  The  admissions  to  the  infirmaries  in  France 
(m  1866)  were  323  per  1000  "present";  to  the  hospitals,  306;  makin<^  a 
total  of  the  severer  cases  of  only  629  per  1000  in  that  year.  This  shows 
how  many  slight  cases  there  are  in  the  French  army.  In  the  eight  years 
(1862-69)  the  mean  number  of  slight  cases  in  France  was  1745  per  1000 
(Morache). 

In  the  Prussian  army  the  average  admissions  (mean  of  18  years,  1846-63) 
were  1336.    In  1867  there  were  1125-6  per  1000.    In  1873-75  it  was  750 
and  in  1876  only  620  (Eoth). 

{b)  Daily  Numherof  Sick  in  Hospital  xxi-  1000  of  Strength.— Aho\x.t  one- 
twenty-fifth  of  the  army  is  constantly  sick  in  time  of  peace,  or  4  per  cent. 
The  mean  for  the  ten  years  1860-69  was  4*78  per  cent,  (or  one-twenty-first 
part),  and  for  the  ten  years  1870-79,  it  was  3-95  per  cent.,  or  just  under 
one-twenty-fifth.    The  numbers  are  therefore  diminishing. 

It  is  not  possible  to  compare  the  army  sickness  with  the  civil  population, 
or  even  with  other  armies. 

In  England,  the  number  of  members  of  friendly  societies,  between  twenty 
and  thirty  years  of  age,  who  are  constantly  sick,  is  nearly  16  per  1000. 

In  the  French  army,  the  mean  sick  in  hospital  are  29  per  1000  present ;  in 
both  hospital  and  infirmary,  50  ;  in  the  Prussian,  44  (in  1876  only  25-5);  in 
the  Austrian,  45  ;  in  the  Belgian  (1859),  54-2  :  in  the  Portuguese  (1851-53), 
39-4. 

The  number  of  daily  sick  has,  of  course,  a  wide  range ;  sometimes  an 
hospital  is  almost  closed,  at  other  times  there  may  be  more  than  100  sick  per 
1000  of  strength. 

(c)  Number  of  Days  spent  in  Hospital  per  head  in  each  1000  of  Strength.. — 
The  number  ol'  days'  service  of  a  battalion  1000  strong  in  a  year  Avould  be  of 
course  (1000  x  365  =  )  365,000.  If  we  assume  the  average  number  of  sick 
to  be  39^  per  1000,  there  are  lost  to  the  State  (39^  x  365  =  )  14,417  days' 
service  per  annum,  or  14|  days  per  man.  As  already  said,  it  is  difficult 
to  compare  the  sickness  of  soldiers  and  civilians,  but  the  above  amount  seems 
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large  when  we  remember  that,  in  the  friendly  societies,  the  average  sickness 
per  man  per  annum  (under  forty  years  of  age)  is  less  than  seven  days. 

Mean  Duration  of  Cases  of  Illness.— The  number  of  days  each  sick  man  is 
in  hospital  (mean  duration  of  cases)  is  rather  greater  (17-8,  average  of  10 
years,  1880-9),  as  the  number  of  admissions  is  below  the  strength. 

It  can  be  most  easily  calculated  as  follows  :  multiply  the  mean  daily 
number  of  sick  (sick  population)  by  the  number  of  days  in  the  period,  and 
divide  by  the  cases  treated.  The  number  of  "  cases  treated  "  is  the  mean  of 
the  admissions  and  discharges  in  the  period. 

French  a  la  chambre,  3-10  days. 


Prussian  (1 859-6 3),  in  hospitals,  18*9 

days. 
Belgian,  23-6  days. 
Portuguese,  19  days. 


Austrian  army,  17  to  18  days. 
French  at  home,  all  cases  (1862-66), 

7-97  days. 
French  in  hospitals  only  (1862-66), 

26-3  days. 
French  in  infirmary,  12  days. 

(a)  Mortality  to  SicJmess.— This  is,  of  course,  a  different  point  from  that 
of  the  relation  of  mortality  to  strength.  A  few  cases  of  very  fatal  illness 
may  give  a  large  mortality  to  cases  of  sickness,  but  the  mortality  to  strength 
may  be  very  small. 

The  mere  statement  of  the  ratio  of  mortality  to  sickness  gives  little  in- 
formation ;  what  is  wanted  is  the  mortality  of  each  disease,  and  at  every  age. 
Otherwise  the  introduction  of  a  number  of  trifling  cases  of  disease  may  com- 
pletely mask  the  real  facts. 

When,  however,  the  general  ratio  is  to  be  determined,  it  must  be  calcu- 
lated in  one  of  three  ways  : — 

1.  Mortality  to  admissions  in  the  time.  This  is,  however,  an  uncertain 
plan  ;  a  number  of  cases  admitted  towards  the  close  of  a  period,  and  the 
greater  part  of  whose  treatment  and  mortality  falls  into  the  next  period,  may 
cause  an  error. 

2.  Mortality  to  cases  treated  (  =  mean  of  admissions  and  discharges).^ 
This  is  the  best  method  of  calculation. 

3.  Mortality  to  sick  population,  i.e.,  the  number  of  deaths  furnished  per 
annum  by  a  daily  constant  number  of  sick.  This,  however,  must  be  taken 
in  connection  with  the  absolute  number  of  sick  in  the  time,  and  with  the 
duration  of  the  cases,  or,  in  other  words,  with  the  kind  of  cases. 

The  degree  of  mortality  to  the  several  causes  of  sickness  was  given  very 
fully  in  the  statistical  part  of  the  Army  Medical  Deyartment  Reports,  up  to 
the  year  1873,  since  which  time  the  detailed  returns  have  been  discontinued. 

Calculated  on  the  admissions,  the  mortality  to  tolal  sickness  in  the  English 
army  at  home  is  a  little  above  the  ii?ortality  to  strength,  or  about  10*2  per 
1000  per  annum  (1870-79).  In  1880  the  ratio  was  7'6.  In  the  Prussian 
army  it  was  7-25  (years  1846-62) ;  in  1872  it  was  7*7.2 

1  It  lias  not  infrequently  happened  that  the  mortality  on  sickness  has  heen  calculated  in  this 
way  ;  tlie  number  of  sick  remaining  in  hospital  at  the  commencement  of  the  period,  say  a  year, 
are  added  to  the  admissions  in  the  year,  and  the  mortality  is  calculated  on  this  number.  At 
the  end  of  the  year  a  certain  number  of  sick  femaining  in  hospital  are  carried  on  to  the  next 
year,  and  added  to  the  admissions  of  that  second  year  for  the  calculation  of  the  mortality  of 
that  year.  In  this  way  they  are  counted  twice.  This  has  been  done  in  calculations  of  weekly 
mortality,  and  in  this  way  the  same  sick  man  has  been  made  to  do  duty  as  a  fresh  case  many 
times  over.  This  is  to  be  avoided  by  either  calculating  on  the  admissions,  or  by  considering 
halt  the  "  remaining  "  at  the  beginning  to  belong  to  the  previous  period,  and  half  the  "  remain- 
ing" at  the  end  of  the  period  to  belong  to  the  following  period,  or,  what  is  the  same  thing, 
taking  half  the  admissions  and  half  the  discharges  in  the  period  as  representing  the  "cases 
treated  "  in  that  time. 

2  For  numerous  statistical  details  of  foreign  armies,  see  Roth  and  Lex,  op,  cit,  vol  iii  p  411 
et  seq.  ■    .  i . 
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Causes  of  Sickness. 

The  causes  leading  men  to  go  into  hospital  arc,  of  course,  very  different 
iroin  those  which  produce  mortality.    For  example,  admissions  from  phthisLs 
wiU  be  lew,  mortality  great ;  admissions  from  skin  diseases  numerous 
mortality  trifling.  ' 

Taking  the  most  common  causes  of  admission  in  the  order  of  frequencv 
we  find —  -1  j> 

1.  Ve7iereal  Diseases.— Undov  the  term  Venereal,  all  diseases,  immediate  or 
remote,  resulting  from  sexual  intercourse,  are  included.    Secondary  as  well 
as  primary  syphilis  ;  stricture  and  orchitis,  as  well  as  gonorrhea,  &c.  ;  also  a 
few  cases  not  strictly  venereal.    The  primary  venereal  forms  are,  however 
of  the  most  importance.  '  ' 

In  stations  under  the  Contagious  Diseases  Act,  1000  men  give  67 
admissions  from  primary  venereal  sores  and  82  from  gonorrhrea  (average  of 
11  years  1870-80).  In  stations  not  under  the  Act,  the  amounts  have  been, 
respectively,  107  and  100.  There  are  other  admissions  from  secondary  and 
tertiary  syphilis,  which  somewhat  increase  the  total  admissions. 

We  have  no  certain  facts  with  which  we  can  compare  the  syphilitic  disease 
of  the  civil  population  with  that  of  the  army.  The  amount  among  the  civil 
population  at  large  is  really  a  matter  of  conjecture.  But  whether  it  is  greater 
or  less  than  that  of  the  army  does  not  affect  the  result  drawn  from  the  above 
figures,  viz.,  that  there  is  an  appalling  loss  of  service  every  year  from  the 
immediate  or  remote  effects  of  venereal  disease.^ 

It  should  be  understood,  also,  that  the  action  of  syphilis  is  long  continued. 
Many  soldiers  die  at  Netley^  from  various  diseases,  whose  real  affection  has 
been  syphilis,  so  that  the  influence  of  this  cause  is  very  imperfectly  indicated 
by  the  number  of  admissions  and  service  lost  under  the  head  of  syphilitic 
disease  only. 

2.  General  Diseases. — The  important  diseases  included  under  this  class  give 
about  one-fourth  of  the  total  admissions,  or  about  199  per  1000  (1870-80). 

(a)  Eruptive  fevers  are  not  very  common,  about  5  per  1000.  Smallpox  is 
checked  by  vaccination  ;  measles  and  scarlatina  are  not  frequent. 

(6)  Paroxysmal  fevers  (most  of  which  have  been  contracted  out  of  England) 
give  about  13  per  1000. 

(c)  The  continued  fevers  are  more  common,  but  their  frequency  is  lessening. 
There  is  no  doubt  that  typhoid  is  the  chief,  perhaps  almost  the  only  fever 
besides  febricula  which  is  now  seen.  Spotted  typhus  is  at  present  uncommon, 
but  does  occasionally  occur.  The  continued  fevers  cause  about  20  admissions 
per  1000  of  strength.  Of  late  years  there  have  been  some  cases  of  cerebro- 
spinal meningitis.  * 

{d)  Eheumatism  gives  46  cases  per  1000  of  strength. 

3.  Accidents  give  the  next  greatest  number;  mean  (1870-1880)  107  ;  range 
from  65  to  114  per  1000. 

4.  Diseases  of  the  Digestive  system  follow,  with  nearly  the  same  number, 
about  107;  range  from  96  to  122. 

5.  Cutaneous  diseases  give  a  mean  of  104  ;  range  from  92  to  123. 

6.  Resjpiratory  diseases  (not  including  Phthisis)  give  a  mean  of  85  peri 
1000;  range  from  76  to  103. 

1  The  order  issued  in  1873,  directing  stoppages  to  be  made  from  men  in  hospital  aflected 
■with  venereal  disease,  Avas  a  most  unfortunate  one,  as  giviig  every  inducement  for  the  conceal- 
ment of  disease.    Happily  it  has  now  been  rescinded. 

2  Professors  Maclean  and  Aitken,  of  the  Army  Medical  School,  are  both  very  much  impressedJ 
■with  the  frequent  occurrence  of  marks  of  continued  and  dominant  syphilitic  action  in  the  bodies  | 

men  ■who  die  i'rom  what  are  considered  other  diseases. 
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7.  Diseases  of  the  Eye,  mean  16,  with  little  variation. 

8.  Diseases  of  the  Circulatory  system,  14. 

9.  Phthisis,  13,  with  range  between  11  and  14. 

10.  Nervous  system,  12,  with  a  range  between  11  and  14. 

11.  The  remaining  diseases  of  numerous  smaller  items,  such  as  those 
of  the  generative  {venereal  excluded),  locomotive,  urinary  [gonorrhoea  ex- 
cluded), &c. 

As  almost  all  details  of  these  different  groups  are  now  omitted  from  the 
Army  Medical  Reports,  it  is  difficult  to  discuss  their  causation  and  possible 
diminution. 

There  is  no  room  for  doubt  that  the  venereal  admissions  could  be  greatly 
lessened ;  so  also  could  the  admissions  from  fever,  which  have  in  fact  been 
aheady  reduced  from  60  to  22  per  1000  of  strength;  in  1879  and  1880  they 
were  only  16  and  17  respectively.  The  large  class  of  integumentary  diseases 
would  probably  admit  of  reduction.  What  is  the  exact  natui-e  of  the 
phlegmon  and  ulcers  which  form  so  large  a  proportion  of  the  admissions  1 
Trifling  as  the  cases  are,  they  form  a  large  aggregate,  and  a  careful  study  of 
their  mode  of  production  might  show  how  they  might  be  diminished.  Pro- 
bably, however,  these  are  mere  conventional  terms,  under  which  a  number  of 
trifling  cases  are  conveniently  recorded,  but  a  complete  analysis  of  the 
returns  of  one  year  under  phlegmon  would  be  desirable.  So  also  of  all  the 
other  classes,  it  may  be  concluded  that  an  active  medical  officer  might 
succeed  in  reducing  the  cases  of  rheumatism,  bronchitis,  and  dyspepsia,  i 
Many  cases  of  acute  respiratory  diseases  are  produced  by  exposure  on  guard, 
especially  by  the  passage  into  and  from  the  hot  close  air  of  the  guard-room 
to  the  open  air  on  sentry  duty.  Good  additional  overcoats,  means  of  dry- 
ing the  clothes,  and  proper  ventilation  of  the  guard-rooms,  would  probably 
lessen  the  cases  of  bronchitis  and  pleurisy. 

Sickness  in  Military  Prisons.— The  admissions  into  hospital  in  the  military 
prisons  do  not  appear  to  be  great;  they  have  varied  per  1000  of  admissions 
of  prisoners  from  316  (in  1851)  to  725-5  in  1863.2  Calculated  on  the  mean 
strength,  the  result  is  as  follows:— In  1863,  the  daHy  average  number  of 
prisoners  was  1064;  the  admissions  for  sickness,  722;  the  mean  daily  sick, 
21;  the  mortality,  0.  These  numbers  give  725*5  admissions,  and  19-74 
mean  daily  sick  per  1000  of  strength.  Prisoners  are  healthier  than  their 
comrades  at  duty  m  the  same  garrisons  where  the  prisoners  are  under 
sentence. 

SECTION  III. 

Such,  then,  being  the  amount  of  mortality  and  sickness  at  home,  it  may 
be  concluded  that  the  soldier  at  present  is  not  yet  in  so  good  a  condition  of 
physical  health  as  he  might  be;  and  we  can  confidently  look  to  future  years 
as  hkely  to  show  a  continuance  in  the  improvement  now  going  on.  In  future 
years,  however,  the  new  system  of  limited  service  will  render  it  difficult  to 
trace  the  progress  in  the  infantry. 

inextricably  blended  with  all  actions  of  the  body  and  mind 
that  the  medical  officers  must  consider  not  only  all  physical  but  all  mental 
and  moral  causes  acting  on  the  men  under  their  charge. 

The  amount  of  work,  the  time  it  occupies,  its  relation  to  the  quantity  of 
lood,  the  degree  of  exhaustion  it  produces,  the  number  of  nights  in  bed,  and 

aZJJ'  however  to  say  that  no  medical  officer  onghtto  sacrifice  his  men  in  the  sHalit«=f 

clegree  for  the  purpose  of  appearing  to  have  a  small  sick  list  and  an  emX  hoSal     T  fo 
a  temptation  in  that  direction  which  we  have  to  guard  against  and  trrlmpS^^^^ 
question  to  be  asl<ed  is,  What  is  the  best  for  the         not  mat  wUl  make  th^t  t*^* 
2  Repm-l  m  Prisons  for  1863,  p.  24.  ^®      ^^^^  appearance  ? 
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other  points  of  tlie  like  kind ;  the  mental  influences  interesting  the  soldier,  or 
depressing  him  from  tnnui;  tlie  moral  eft'ect  of  cheerfulness,  hope,  discontent, 
uud  despondency  upon  his  health,  as  Avell  as  the  supply  of  water,  air,  food, 
clothing,  &c.,  must  be  taken  into  account.  And  just  as  the  body  is 
ministered  to  in  all  these  ways,  so  should  there  be  ministration  of  the  mind. 
It  is  but  a  partial  view  which  looks  only  to  the  body  in  seeking  to  improve 
health ;  the  moral  conditions  are  not  less  important ;  without  contentment, 
satisfaction,  cheerfulness,  and  hope,  there  is  no  health. 

Hygiene,  indeed,  should  aim  at  something  more  than  bodily  health,  and 
should  indicate  how  the  mental  and  moral  qualities,  essential  to  the  particular 
calling  of  the  man,  can  be  best  developed. 

How  is  a  soldier  to  be  made  not  merely  healthy  and  vigorous,  but  courage- 
ous, hopeful,  and  enduring]  How,  in  fact,  can  we  best  cultivate  those  martial 
qualities  which  fit  him  to  endure  the  hardships,  vicissitudes,  and  dangers  of 
a  career  so  chequered  and  perilous? 

Without  attempting  to  analyse  the  complex  quality  called  courage, — 
a  quality  arising  from  a  sense  of  duty,  or  love  of  emulation,  or  fear 
of  shame,  or  from  physical  hardihood,  springing  from  familiarity  with 
and  contempt  of  danger, — it  may  well  be  believed  that  it  is  capable  of  being 
lessened  or  increased.  In  modern  armies,  there  is  not  only  little  attempt 
to  cultivate  courage  and  self-reliance,  but  the  custom  of  acting  together  in 
masses  and  of  dependence  on  others,  actually  lessens  this.  It  is,  then, 
a  problem  of  great  interest  to  the  soldier  to  know  what  mental,  moral,  and 
physical  means  must  be  used  to  strengthen  the  martial  qualities  of  boldness 
and  fortitude. 

The  English  army  has  never  been  accused  of  want  of  courage,  and  the  ide 
of  pusillanimity  would  seem  impossible  to  the  race.    But  drunkenness  an 
debauchery  strike  at  the  very  roots  of  courage  ;  and  no  army  ever  showed  th. 
highest  amount  of  martial  qualities  when  it  permitted  these  two  vices  to  pro- 
vail.i    In  the  army  of  Marlborough,  the  best  governed  army  we  ever  had, 
and  the  most  uniformly  successful,  we  are  told  that  the  "sot  and  th 
drunkard  were  the  objects  of  scorn."    To  make  an  army  perfectly  brave,  it 
must  be  made  temperate  and  chaste. 

Good  health  and  physical  strength,  by  increasing  self-confidence,  indrease 
courage ;  and  self-reliance  is  the  consequence  of  feeling  that,  under  all  cu-- 
cumstances,  we  can  face  the  dangers  and  difficulties  that  present  themselves. 

Few  wiser  words  were  ever  written  than  those  by  William  Fergusson,^  at 
the  close  of  his  long  and  eventful  service. 

"Of  the  soldier's  life  within  these  barracks,"  writes  Fergusson,  "there  is 
much  to  be  said,  and  much  to  be  amended.  To  take  his  guards,  to  cleanse 
his  arms,  and  attend  parade,  seems  to  comprehend  the  sum  total  of  his  exist- 
ence; amusement,  instruction  beyond  the  drill,  miUtary  labour,  and  extension 
of  exercises,  would  appear,  until  very  recently,  to  be  unthought  of ;  as  it  is 
impossible  that  the  above  duties  can  fully  occupy  his  time,  the  irksomeness 
of  idleness,  that  most  intolerable  of  all  miseries,  must  soon  overtake  him,  ana 
he  will  be  driven  to  the  canteen  or  the  gin-shop  for  relief.  .  .  ^.^ 

"Labour  in  every  shape  seems  to  have  been  strictly  interdicted  to  tne 


1  There  are  many  sober  and  excellent  men  in  the  army.    But  as  a  ^^le.  t  «  Engl,  h  so  d^^^ 
.cannot  be  depended  upon  under  any  circun.stances,  ^K  he  can  get  dnnk     WeU  doe.  S.  R^^^^^^^ 
Martin,  .ay,  "  Before  that  terrible  vice  can  be  overcome,  f '"«""Dg  f'-^r  n  oie  pm^^^^^^^^ 
medica  reasoning  on  facts,  or  the  warnings  of  experience  lounded  on  * 

into  active  operation.  Discipline  must  still  further  alter  its  direction  -in  plact  of  ban^^^^^^^^^ 
only  to  punish  wrong,  it  ought  and  must  be  exerted  further  and  further  in  the  encouragemei 
to  good  conduct."— Ranald  Martin,  Tropical  Ch7imtes,i>.  Zb6. 

2  JVoles  and  Recollections  of  Professional  Life,  1846,  p.  4y. 
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soldier,  as  water  for  his  drink.  All,  or  nearly  all,  must  have  been  bred  to 
some  trade  or  other  before  they  became  soldiers ;  but  they  are  work  for  them 
no  longer.  Labour  (the  labour  of  field-works  and  fortifications)  strengthens 
the  limbs  and  hardens  the  constitution,  but  that  is  never  thought  of  in  our 
military  life  at  home ;  so  thought  not  the  ancient  Eonians,  whose  military 
high  ways  still  exist,  and  who  never  permitted  their  soldiers  to  grow  enervated 
in  idleness  during  peace.  Better,  surely,  would  it  be  that  every  one  should 
work  at  his  own  craft,  or  be  employed  on  the  public  works,  in  regulated  whole- 
some labour,  than  thus  to  spend  his  time  in  sloth  and  drunkenness.  But  his 
exercises,  without  even  going  beyond  the  barrack  premises,  may  be  made 
manifold — running,  wrestling,  gymnastic  games  of  every  kind,  swimming, 
leaping,  pitching  the  bar,  the  sword  exercise  (that  of  the  artillery),  all  that 
hardens  the  muscles  and  strengthens  the  Hmbs,  should  be  encouraged ;  and 
when  the  weather  forbids  out-door  pastimes,  the  healthy  exercise  of  single- 
stick, in  giving  balance  and  power  to  the  body,  quickness  to  the  eye,  and 
vigour  to  the  arm,  may  properly  be  taken  as  a  substitute  for  the  drill  Avhich, 
after  the  soldier  has  been  perfected  in  his  exercise,  is  always  felt  to  be  a 
punishment.  ^  So  is  the  unmeaning  evening  parade  and  perpetual  roll-calling. 

"  Foot-racing  too,  the  art  of  running,  so  little  practised,  and  so  supremely 
useful,  should  beheld  amongst  the  quahties  that  constitute  military  excellence. 
It  was  so  held  at  the  Isthmian  games  of  ancient  Greece,  and  deserves  a  better 
place  than  has  hitherto  been  assigned  to  it  in  the  mihtary  pastimes  of  modern 
Britain.  In  our  school-books  we  are  told  that  the  youth  of  aucient  Persia 
were  taught  to  launch  the  javehn,  to  ride  the  war-horse,  and  to  speak  the 
truth.  Let  the  young  British  warrior  be  taught  to  use  his  limbs,  to  fire  ball- 
cartridge,  to  cook  his  provisions,  and  to  drink  icater.  The  tuition  may  be 
less  classical,  but  it  will  stand  him  in  far  better  stead  during  every  service 
whether  at  home  or  abroad. 

"  Kegular  bodily  pleasurable  exercise  has  been  said  to  be  worth  a  host  of 
physicians  for  preserving  military  health;  and  occupation  without  distress  or 
fatigue  is  happiness.  The  philosopher  can  make  no  more  of  it ;  and  every 
Idle  hour  is  an  hour  of  irksomeness,  and  every  idle  man  is,  and  must  be,  a 
vicious  man,  and  to  a  certain  extent  an  unhealthy  one." 

In  many  of  the  foreign  stations  of  the  British  army,  excellent  opportunities 
exist  for  both  occupying  the  men  and  developing  their  spirit.  All  history 
teaches  us  that  a  hunting  race  is  a  martial  one.  The  remarkable  fighting 
qualities  of  the  English,  as  drawn  in  Froissart's  Chronicles,  were  owing  to 
the  fact  that  at  that  time  they  were  "  a  nation  of  hunters,"  and  trained  from 
infancy  to  face  dangers  a  one.  In  India  there  are  many  places  where  men 
could  not  only  be  allowed  to  hunt,  but  where  such  permission  would  be  the 
greatest  boon  to  the  inhabitants. 

The  English  army  has  hitherto  offered  but  few  incentives  to  good  conduct 
wrrPw^.r'^^'Tf  "^^t^  cultivation  of  martial  qualities     Men  mus 

^olpor^,  f/  '""^  !f  ^^'^  '"'^'^^  endeavour  on  their  part  to  become  in  all 
respects  better  soldiers  is  neither  overlooked  nor  unrewarded.  The  new 
order  of  things  introduced  by  Lord  Cardwell  seems  likely  to  open  up  meani 

TheTlh-v.i""f1r       f-^f  deserve  advan"t 

The  cultiva  ion  of  the  martial  qualities  of  the  soldier  is  in  reality  a  part  of 
yg  ene  considered  in  its  largest  sense,  but  this  part  of  hygiene  must  bo 
stiulied  and  carried  into  effect  by  the  combatant  officers.    Let^n^s  trustTmay 
not  be  long  before  they  seriously  study  and  endeavour,  by  precept  and 

andlat  1°  frt""-''  '^^'T-  f  '^^^^^  ^'^''^  ^^^^i^^^-  endurance 
to      1  in  resources,  which  are  as  necessary  as  technical  knowleXe 

to  render  an  army  the  formidable  instrument  it  is  capable  of  becl  ing  ^ 


CHAPTER  IV. 
FOREIGN  SERVICE. 

The  foreign  service  of  the  British  army  is  performed  in  every  part  of  tlie 
world,  and  in  almost  every  latitude,  and  probably  more  than  two-thirds  of 
each  line  soldier's  service  is  passed  abroad.  The  mere  enumeration  of  the 
stations  is  a  long  task  ;  the  description  of  them  would  demand  a  large  volume. 
In  this  short  chapter,  to  give  a  few  general  statements  as  to  chmate  and 
geology,  and  the  past  and  present  medical  history  of  the  stations,  only  can  bf 
attempted;  such  an  outline  as  may  give  medical  officers  a  sort  of  brief 
summary  of  what  seems  most  important  to  be  known. 

Detailed  and  excellent  accounts  of  most  of  the  foreign  stations  exist,  either 
in  the  independeut  works  of  army  surgeons,  such  as  those  of  Marshall, 
Hennen,  Davy,  and  many  others,  or  in  reports  drawn  up  for  Government,  and 
pubHshed  by  them.  In  the  early  Statistical  Reports  of  the  Medical  Depart- 
ment of  the  Army,  short  topographical  notices  of  the  stations  were  inserted ; 
they  are  models  of  what  such  reports  should  be,  and  must  have  been  drawn 
up  by  a  master  in  the  art  of  condensation.  In  the  Annual  Rej^oiis  now 
published  many  excellent  topographical  descriptions  will  be  found;  and  some; 
of  the  Indian  Governments  have  published  complete  descriptions  of  all  their 
stations.  In  the  Bombay  Transactions,  the  Madras  Medical  Journal,  and 
the  Bengal  Indian  Annals,  are  very  full  accounts  of  almost  every  station 
that  has"  been,  or  is,  occupied  by  European  troops  in  India.  Finally,  m  the 
Indian  Sanitan/  Report  is  much  important  information  on  the  meteorology 
and  topography  of  the  present  Indian  stations.  Young  medical  officers  first 
entering  on  foreign  service  are  strongly  advised  to  study  these  accounts  of 
the  stations  in  the  command  where  they  are  serving ;  it  will  not  only  give 
them  interest  in  their  service,  but  will  aid  them  in  their  search  how  best  to 
meet  the  climatic  or  sanitary  conditions  which  afifect  the  health  of  the  men 
under  their  charge. 

SECTION  I. 
MEDITERRANEAN  STATIONS.^ 
Gibraltar. 

Usual  peace  garrison  =  4500  to  6000  n>en  Pfio^  S'^rvice,  three  yeai^. 
Civil  populatioS=  18,381  (in  1881).  Height  of  rock  1439  feet  a  highe^ 
point.  Nature  of  rock,  grey  limestone,  with  many  cavities  filled  ^Mth  leddisii 
clay  :  under  town,  an  absorbent  red  earth  forms  the  subsod. 

Ciimate.-Ue-A  temperature  of  year  =  6 4-1  ;2  hottest  month,  Aug  s^^^^ 
variably  in  eight  years)  =76-6  ;  coldest  month,  either  January  or ^ebruai}, 

1  A  very  important  Eeport  on  the  Mediterranean  Stations  J  P^^i^sl^^^^^^by  the  B 
Improvement  Commissioners  (Dr.  Sutherland  and  Captain  Walton . 

2  Mean  of  eight  years'  observations  by  the  Royal  Engmeers  (1853-60),  as  gnen  m 
rack  Commissioners'  Blue  Book  (1863). 
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Grains  of 

Relative 

Dew-point. 

Vapour  in  a 

Humidltv 

cubic  foot. 

Sat.  =100. 

55''-9 

5-76 

72-3 

67°-9 

7-5 

70-7 

43°-5 

3-25 

69-1 

in  equal  proi3ortions,  53-77  :  amplitude  of  the  yearly  fluctuation,  22-83 
{ =  difference  between  hottest  and  coldest  months). 

Mean  monthly  maximum  and  minimum  in  shade ^ — hottest  month,  July 
or  August — mean  maximum  =  89;  coldest  month,  December,  January,  or 
February — mean  minimum,  42°.  Eange  of  highest  and  lowest  monthly 
means  of  maximum  and  minimum,  47°.  Extreme  yearly  range  (difference 
between  highest  and  lowest  temperature  recorded  in  the  time)  about  50°  to 
58°.  The  minimum  thermometer  on  grass  sometimes  faDs  to  4°  or  6°  below 
freezing. 

Rainfall. — Mean,  32*8  inches  (mean  of  seventy  years,  1790 — 1860). 
Greatest  amount  in  any  one  year,  75-8  (1855).  Least  amount  in  any  one 
year,  15-1  (1800).  The  importance  of  this  great  variation,  as  regards  sieges, 
is  evident ;  Gibraltar  might  be  embarrassed  for  M^ater,  if  the  rainfall  were  only 
15  inches  in  a  year  of  siege. 

Number  of  Rainy  Days  =  68.  The  rain  is  therefore  infrequent,  but  heavy. 
The  rain  falls  in  nine  months,  September  to  May;  greatest  amount  in 
January  and  J^ovember ;  most  rainy  days  in  April.    Summer,  rainless. 

Humidity. 


Mean  dew-point  of  year. 
Mean  highest  dew-point  in  [ 

August,  ...  j 
Lowest  dew-point  in  January  |^ 

or  February,    .       .  } 

Gibraltar  is  thus  seen  to  be  rather  a  dry  climate ;  at  any  rate,  the  air  is 
on  an  average  only  three  parts  saturated  with  moisture,  and  therefore  evapora- 
tion from  the  skin  and  lungs  will  be  tolerably  rapid,  provided  the  wind 
moves  freely.  It  is  certainly  not  a  moist  insular  climate,  as  might  have  been 
anticipated.  ^  At  the  times  of  rain,  however,  and  during  the  fogs  and  moist 
sh'occo,  the  air  is  nearly  saturated. 

Tfmfk— Chiefly  KW.  or  S.W.  or  W.,  in  January,  April,  May,  June, 
and  October.  Easterly  in  July,  August,  and  September.  But  sometimes 
the  easterly  winds  are  more  prevalent,  or  may  be  moderate  for  almost  the 
whole  year.  The  east  and  south-east  winds  are  sirocco  (Levanteros),  and 
are  often  accompanied  by  rain  and  fogs. 

Sanitary  Conditions. 

Water  Supply.— rivi  quantity  was  formerly  very  deficient ;  in  1861  only 
21  gallons  daily  were  supplied  for  non-commissioned  ofiicers  and  privates 

Sources.— and  tanks,  rain  water,  and  a  small  aqueduct  carryincr 
surface  water.  Very  large  tanks  have  been  constructed  in  two  of  the  ravine&° 
with  arrangements  for  passing  into  them  a  large  amount  of  surface  water  • 
and  fresh  wells  have  been  dug  at  the  north  end,  near  the  neutral  ^round' 
which  yield  a  large  supply  of  water.  ^  ' 

Quality.— ThQ  most  of  the  well  water  is  very  hard,  and  in  some  cases  almost 
i)rackish.    In  one  sample  analysed  at  Netley  there  were  nearly  83  grains  of 

•  Of  the  eight  years  (1853-60)  given  in  the  report  above  quoted,  the  difference  betwpp,,  ti,. 
month  y  mean  maximum  and  minimum  is  .so  mudi  le.s,s  in  the  last  three  veSs  as  to  S  ^ 
snspect  .some  error  in  observation,    in  1880  the  mean  maximum  in  Jul/was  87-4  """" 
mnumnni  m  January  47°-9-^range  39-.^. ;  absolute  maxin,um  98-8  in  AuSt  absolut  m^^il"""' 
111  •lanuary—range  49°-3.  "  "osoiuie  mimmum 


622 


FOREIGN  SERVICE. 


chlorine  per  gallon,  equal  to  nearly  140  grains  of  alkaline  chlorides.  Some 
of  the  wells  contain  a  good  deal  of  organic  matter,  whilst  others  are  com- 
paratively free.  In  most  of  them  there  is  a  large  quantity  of  nitrates,  point- 
ing unequivocally  to  the  oxidation  of  animal  organic  matter.  Recent 
experimental  borings  have  not  been  very  encouraging  as  regards  quality  of 
water.i  The  tank  water  is  good  when  filtered ;  but  the  tanks  require 
frequent  inspection  and  cleaning. 

Many  of  the  houses  of  the  civilians  have  tanks,  and  no  new  house  is  allowed 
to  be  built  without  a  tank.  The  distribution  of  water,  both  to  soldiers  and 
civilians,  is  defective ;  it  is  almost  entirely  by  hand. 

Drainage. — The  sewers  have  been  much  improved.  Surgeon-General 
Munro,  C.B.,  reported  in  1880  that  "the  system  was  excellent,"  although  the 
working  was  defective.    Steps  were  taken  to  remedy  this. 

Barracks. — More  than  half  the  garrison  is  in  casemates,  which  have  been 
described  as  "  mere  receptacles  of  foul  air,  damp,  dark,  and  unwholesome."^ 
The  barracks  are,  for  the  most  part,  badly  arranged,  and  are  overcrowded ; 
the  average  cubic  space  in  1862  was  only  about  450  feet,  and  the  avemge 
superficial  space  under  40.  Ventilation  was  very  defective,  especially  in  the 
casemates.  The  meaus  of  ablution  and  the  latrines  and  urinals  were  also 
defective.  In  all  those  points,  however,  great  improvement  has  taken  place. 
The  duties  are  not  heavy,  and  the  rations  are  said  to  be  good.  In  1860  some 
improvements  were  made  in  the  dress  of  the  troops,  and  a  light  summer  suit 
ordered.  Flannel  next  the  skin  has  been  recommended  strongly  for  Gibraltar, 
on  account  of  the  occasional  cold  winds. 

Health  of  the  Civil  Population. 

Gibraltar  is  now  a  place  of  considerable  trade  ;  whether  the  Government 
have  been  right  in  allowing  a  mass  of  people  to  herd  closely  together  in  the 
midst  of  the  most  important  fortress  we  possess,  is  very  questionable.  In  case 
of  a  siege  they  would  be  a  serious  embarrassment,  and  even  in  time  of  peace 
they  are  objectionable.  The  health  of  this  community  is  bad;  in  1860,  the 
northern  district,  where  population  is  densest,  gave  38  deaths  per  1000,  or 
excluding  cholera,  33-5  ;  in  the  more  thinly  populated  southern  end,  the 
mortality  was  27-5  per  1000,  or  more  than  St.  Giles',  in  London.  The  deaths 
in  children  under  one  year  form  17 '33  per  cent,  of  the  total  mortality.  The 
prevailing  causes  of  this  mortality  are  fevers  (in  all  probability  typhoid),  an" 
tuberculous  consumption,  which  causes  13  per  cent,  of  the  total  deaths  at  all 
ages,  or  37*6  per  cent,  of  the  total  deaths  at  the  soldiers'  ages.  Dysentery 
and  diarrhoea  are  common. 

In  this  compressed  and  dirty  population  sever^il  great  epidemics  hav^ 
occurred.    The  bubo  plague  does  not  appear  to  have  been  seen  since  1649, 
but  the  earlier  records  are  very  imperfect ;  yellow  fever,  however,  prevailed 
in  1804,  1810,  1813,  and  1828.    Cholera  has  prevailed  several  times;  th 
last  time  was  in  1865. 

Health  of  the  Troops. 

1.  Loss  of  Strength  hy  Death  and  Invaliding, 
(a)  By  i)m^/i.— Gibraltar  has  never  suffered  from  any  great  sickness^  o 
mortality,  except  in  yellow  fever  or  cholera  years.    At  the  tmie 

1  For  analyses  of  water  of  Gibraltar,  see  Reports  on  Hygiene,  Army  Medical  Reports,  v( 
xviii.,  xix.,  xx.,  and  xxi. 
-  Barrack  C'omviis»ioners'  Report,  j).  37. 


GIBRALTAR. 


623 


mortality  on  home  service  was  17  or  18  per  1000  of  strength,  it  was  usually 
not  more  than  12  at  Gibraltar.  Of  late  years  both  sickness  and  mortality 
have  been  below  that  of  home  service,  especially  in  the  latter  years.  In  spite 
of  this  comparative  healthiness,  it  is  quite  certain  that  much  preventable 
disease  existed,  and  in  part  still  exists  on  the  Rock. 

Mortality  per  1000  of  Strength. 

Years.  *         Total  Deaths.  T^nl'l'/.'.n^ 

Disease  alone. 

1837-46  (10  years),    ....       12-9  5-65 

1861-70  (10  years),!   ....  8-54 

1870-79  (10  years),    ....  6-98 

1880,   4-24  3-57 

The  progressive  diminution  is  remarkable,  and  shows  what  is  possible  in 
reducing  mortality  among  soldiers. 

Causes  of  Death.— In  the  earlier  years  the  chief  causes  of  death  were 
phthisis  and_  continued  fever,  which  was  doubtless  enteric  fever.  Of  late 
years  phthisis  has  declined;  enteric  fever,  on  the  contrary,  increased  up  to 
1863,  has  since  then  declined  in  frequency,  though  not  in  fatality  per  cent, 
of  attacked. 

The  admissions  from  phthisis  averaged  11  per  1000  of  strength  in  the 
ten  years,  1837-46  ;  while  in  the  eight  years,  1859-66,  they  were  only  7-63. 
In  the  years  1863-66  the  deaths  and  invaliding  together  from  phthisis  were 
only  3-72  per  1000  of  strength,  or  hardly  more  than  the  deaths  alone  at 
home.  In  1880  the  admissions  were  5-3,  the  deaths  045,  and  the  invalid- 
ing 2-23.  The  two  last  together  make  2-68,  against  6-13  at  home.  The  de- 
clme  in  phthisis  seems  therefore  certain,  but  stiU  it  is  possible  that  it  is  not 
even  now  so  low  as  it  might  be. 

The  continued  fevers  gave  757  admissions  per  1000  of  stren^^th  in  the 
years  1837-46,  and  98-5  in  the  five  years  ending  1863.  There  was  also  an 
increase  m  mortality.  In  the  three  years  ending  1866  the  admissions  fell 
to  an  average  of  42,  and  the  decline  was  progressive.  Of  late  the  admissions 
have  increased,  the  numbers  for  1869-78  being  77  per  1000  in  1879 
nearly  97,  and  in  1880  no  less  than  133,  but  of  these  last  only  5 'were 
enteric,  the  remainder  being  febricula  and  so-called  Rock-fever 

During  late  years,  much  has  been  done  in  Gibraltar  to  give  the  men  more 
breathing  space  and  ventilation,  hence  the  decline  in  phthisis  which  was 
so  fatal  formerly  when  the  men  were  crowded  in  casemates.  When  their 
barracks  are  stiU  further  improved, .  we  shall  see  a  still  greater  lessening  of 
phthisis. 

The  amount  of  heart  disease  was  formerly  great,  and  probably  arose  from 
the  same  conditions  as  at  home.    It  has  latterly  diminished  considerably. 

Ibe  habits  of  the  men  are  much  improved,  and  delirium  tremens,  for- 
merly common,  is  rare.  In  1865  and  1866  only  one  man  died  in  two 
strenVth^'"'  ^^^^'^^^^  "^o^'e  than  -1  per  1000  of 

Formerly  dysentery  and  diarrhoea  were  common  ;  now  they  are  infrequent 
ana  mild.    Ihe  average  admissions  from  dysentery  in  three  years  (1864-66^ 

3  Cholera  prevailed  in  186;-;,  so  that  year  has  been  left  out. 
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Everything  points  to  the  fact  that  Gibraltar  itself  is  a  perfectly  healthy 
place,  and  that,  when  the  sanitary  alterations  now  going  on  are  completed, 
the  sickness  and  mortality  will  be  trifling. 

Infiuence  of  Age  on  Mortality  at  Gibraltar. 


Years. 

Deaths  per  1000  of  Strength  at  each  Pci-iod. 

Under 
20. 

20  and 
under  25. 

25  and 
under  30. 

30  and 
Tinder  35. 

35  and 
under  40. 

40  and 
upwards. 

1870-79, 
1880, 

1-57 

4-04 
2-93 

5-59 
1-68 

7-29 
2-14 

7-51 
14-76 

21-71 
31-86 

These  numbers  compare  very  favourably  with  the  home  returns. 

(6)  By  Invaliding. — The  number  of  men  sent  home  for  change  of  air  and 
discharo-e  varies  greatly  from  year  to  year;  about  20  to  30  per  1000  of 
strength  is  the  average.  The  chief  diseases  are  general  debility,  rheumatism, 
phthisis,  and  cardiac  disease.  The  other  diseases  are  in  smaller  number,  but 
are  numerous.  Dysentery  and  liver  diseases  used  to  be  common  causes  of 
invaliding,  but  both  are  now  declining. 

2.  Loss  of  S&rvice  hy  Sickness. 
The  admissions,  the  mean  daily  sick,  and  the  diu-ation  of  the  cases,  are  all 
below  the  home  standard. 

Per  1000  of  Strength. 


Years. 

Admissions  per 
Annum. 

Mean  daily 
Sick. 

Mean  Stay  in 
Hospital  of  each 
Sick  Man  in  days. 

1837-56, 
1861-70, 
1870-79, 
1880,  . 



976 
742 
669-4 
738-1 

36-57 
35-88 
43-11 

18-  39 

19-  62 
21-77 

The  venereal  diseases  cause  tewer  aamissions  man  ao  iiuui«  ,  av^i-.^.^. 
of  the  whole  venereal  class  is  only  about  120  per  1000.  For  syphilis  alone 
the  avera-e  (1869-77)  is  only  50-8.  This  is  owing  to  the  police  regulation 
of  Drostitutes.  Integumentary  diseases  cause  about  35  admissions  per  1000. 
In  1880  there  was  a  very  considerable  increase.  Digestive  disorders  give 
a  large  number  of  admissions,  and  have  always  done  so,  but  m  the  latest 

returns  tliev  are  somewhat  declining.  .-,^04.^1^ 
War/  Duties  at    Gibraltar. -Go^^i^m  Galton   and  Dr.  Sutherland 

iudicrted  the  measures  which  must  be  adopted,  viz.,  a  better  supply  of  water, 
fananc^iB-  a  larger  storage ;  a  better  drainage,  with  sea  water  for  flushing., 

.nd  a Snt  outlet;  and  an  improved  ventilation,  with  less  crowdmg  m 

barrack  of  the  plans  have  been  carried  out  as  far  as  practicable. 

TW  is  no  doubt  these  measures  will  greatly  improve  heal  h. 

SunS)SB.  war  were  to  arise  at  this  moment,  and  that  we  lose  the  command 
the  sea  fSr  a  time,  the  points  of  danger  would  apparently  be  these  :-- 
iDeMent  Water,  the  BmnfaM  being  ,mceHam.-f^  new  ^vells  ne^r  th 
:  1 .i.fl  will  wrhaps  obviate  this  danger,  but  the  water  is  not  of  good 

storage  has  been  increased  of  late  years.  q,,,/w  r./nAw.  —With 

\  Overcrowding  and  Bad  Ventilatron,  leadmg  to  Spotted  Typhn..-\\in 
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a  full  garrison,  and  with  some  barracks  untenable,  there  is  no  doubt  there 
would  be  serious  danger  of  this  disease  ;  and  it  is  a  matter  of  great  moment 
to  ventilate  as  perfectly  as  possible  all  casemates  which,  even  if  now  disused, 
must  be  used  in  time  of  war. 

3.  Typhoid  Fever. — Ey  means  of  improved  drainage  this  cause  of  danger 
might  soon  be  entirely  removed. 

4.  Diseases  arising  in  the  Toion,  and  sj^reading  to  the  Garrison. — In  case 

of  war,  it  would  seem  most  desirable  to  clear  out  the  native  town  as  far 

as  ifc  can  be  done.    More  space  and  more  water  would  be  available.  There 

would  be  less  chance  of  famine,  destitution,  and  disease. 

In  the  war  in  1792,  scurvy  prevailed  from  deficiency  of  food  and  fresh 
vegetables. 

Malta. 

Size,  17  miles  by  9.  Usual  peace  garrison  =  5000  to  7000;  period  of 
service,  three  years ;  population  (civil)  in  1879  =  154,198. 

Geology.— ^oft,  porous  rock ;  the  greater  part  is  sandstone  resting  on  hard 
limestone ;  in  some  parts  there  is  marl  and  coral  limestone  over  the  sandstone. 
In  the  centre  of  the  island,  at  Citta-Vecchia,  there  is,  in  order  from  the 
surface,  alluvium,  upper  limestone,  red  sand,  marl,  sandstone,  and  lower 
limestone  Valetta  is  on  thin  alluvium,  with  thick  sandstone  below,  and 
beneath  this  the  lower  limestone. 

Climate  (at  Valetta). -Mean  ot  the  year,i  66°-8;  hottest  month  (July), 
77  ;  coldest  (January),  57°;  amplitude  of  the  yearly  fluctuation  20°  - 
extreme  yearly  range  (from  highest  to  lowest  temperature  in  shade)  59°' 
from  99  m  July  to  40°  in  January;  mean  yearly  range,  about  5S\ 
xvi!fl  f  Sfw^'^^r'^^^^^  frequent,  and  there  are  often  cold  winds  in 
wmter  from  N.W    The  south-east  wind  is  an  oppressive  sirocco,  raisin.,  the 

60  to  80  days  every  year.    At  Citta-Vecchia  (600  feet  above  the  sea)  the 
temperature  is  lower  and  the  air  keener.    Rainfall  about  22  inches.  Chief 
rain  m  November,  December,  and  January ;  less  in  February  and  March 
sm^lm  amoimt  in  the  other  months.    From  June  to  August  almost radn  ess' 
hu^llir^^''"       '"'^-''^'^  observations  at  9^30  a.m.  Eelatrve 

huSy*^""'  ^  ^i^^  ^  "^ode^^te  relative 

Sanitary  Condition. 

V.WH^-^'  w  ^«  external  cleanliness  goes 

Yaletta  IS  very  clean.    Water  supply  from  rain  and  springs  (the  lar<.e?t  of 

apttS/-s  tt"''"/i  waters'of  dira  ried  by 

aqueduct),  is  not  very  deficient  m  quantity  (8  to  10  gallons  per  head)  an/ 

•  For  elevea  year,,  (1869-80).  withthe  exception  of  1874,  not  reco'^^^^^ZZ^^ZftJ^^ 
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•water  by  sinking  into  the  sandstone  was  made  in  18.66-67,  but  failed.  Tlie 
■Sewers  in  Valotta  are  bad  in  construction  and  outlet,  and  much  typhoid  has 
been,  and  is  still,  caused  in  consequence.  In  many  cases  "  they  are  nothing 
but  long  cesspools."  1  Pipe  drains  are,  however,  now  being  laid  in  the  old 
drains,  which  were  merely  narrow  deep  channels  cut  in  the  soft  porous  rock. 
The  old  style  of  drain  has  now  quite  ceased  to  exist  in  the  barracks. 
?  The  barracks  are  bad,  many  casemates  being  used,  and  buildings  which 
were  intended  for  stores  and  not  for  habitations.  They  are  built  of  soft 
sandstone,  which  both  crumbles  and  absorbs  wet.  In  some  cases,  all  sanitary 
considerations  have  been  sacrificed  for  the  purposes  of  defence.  The  ventila- 
tion of  the  casemates  is  very  bad,  but  some  improvements  have  taken  place. 
The  Barrack  Commissioners,  in  their  Report^  recommended  that  in  every  way 
which  could  be  done  the  ventilation  should  be  improved  byadmitting  the  wind, 
especially  from  the  north,  and  that  each  barrack  would  require  a  separate  plan 
to  meet  the  particular  case.  They  recommended  that  air  shafts  should  be 
made,  much  larger  than  ordered  for  home  service,  viz.,  1  square  inch  for  every 
20  cubic  feet  of  space,  or  for  a  barrack  of  twelve  men  with  regulation  space 
(7200  X  20  =  )  360  square  inches  ( =  2|  square  feet)  of  outlet  opening.  Some 
of  those  points  have  been  carried  out  with  very  good  results.  At  the  present 
time  the  amount  of  cubic  space  is  below  the  home  service  amount  (600  cubic 
feet),  and  the  superficial  area  is  very  small,  in  some  cases  being  as  low  as 
40  square  feet  per  head.  All  the  barracks  are  now  supplied  with  new  and 
remodelled  married  quarters,  with  proper  appliances. 

-  During  the  hot  weather  the  space  is  increased  by  making  the  men  sleep 
under  canvas  every  alternate  night.  ^ 

A  gymnasium  is  provided  both  in  Cottonera  and  Valetta,  and  all  th 
barracks  are  well  provided  with  reading,  recreation,  and  school  rooms.  Th 
means  of  ablution  are  now  very  good  in  all  the  barracks,  and  there  are  ne 
water  latrines  and  slate  or  earthenware  urinals  provided. 

We  may  therefore  hope  that  a  diminished  amount  of  disease  may  be  the 
result  of  these  improvements,  although  much  remains  to  be  done  to  make  the 
condition  of  the  troops  as  good  as  it  ought  to  be. 


Healtk  of  the  Civil  Population. 

There  is  some,  but  no  great  amount,  of  malarious  disease,  but  a  good  deal 
of  the  so-called  bilious  remittent,^  and  typhoid.  Typhus  is  not  at  present 
seen.  Bubo  plague  has  prevailed  seven  times,  the  last  in  1841,  slightly. 
Yellow  fever  has  been  known,  but  not  of  late  years.  Cholera  has  occurred 
thrice.  Dysentery  is  common  ;  taenia  not  infrequent ;  ophthalmia  common, 
from  dust  and  glare.  Boils  or  anthrax  are  frequent;  rheumatism  is  not 
uncommon,  and  phthisis  is  said  to  be  frequent  (from  dust?).  The  death-rate 
is  said  to  be  21-3  per  1000  in  the  towns,  and  28*7  in  the  country  districts  ; 
while  nearly  57|  per  cent,  of  this  is  in  children  under  five  years,*  the  great 
causes  of  infantile  mortality  being  registered  as  teething  and  convulsions. 


\  Barrack  Commissioners  Reijort, -p.  \U.  ^     .  .      ,      •■  o-i^ 

2  Report  by  Surgeon-General  W.  A.  Mackmnon,  C.B.,  A.M.D.  Reports,  vol.  xxii.  \\  2So. 

3  See  Dr  Mar.ston's  excellent  Report  in  the  Army  Medical  Report  for  1861,  for  the  sympto 
of  thi.s  disease  among  troops.    See  also  Dr.  BoUeau's  interestingjessay  in  the  same  pnhlicatio 

"""^i  Report  of  Barrack  Commissioners,  p.  87.  The  Commissioners  justly  remark  t^bat  th 
figures  are  so  striking  as  to  demand  further  inquiry.  Probably  they  are  quite  untrustworth 
yet  both  at  Gibraltar  and  Malta,  it  would  be  of  the  greatest  importance,  not  merely  for  t 
health  of  the  troops  in  peace,  but  for  the  security  of  the  fortress  m  war,  to  know  everyth 
about  the  social  life  and  the  diseases  of  the  native  population. 
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i  Health  of  the  Troops. 

r"  The  health  of  the  troops  is  worse  than  at  Gibraltar,  but  it  has  singularly 
fluctuated  (even  without  great  epidemics),  more  so  probably  than  at  any 
Station  in  the  same  latitude.  The  mortality  has  varied  as  much  as  threefold 
without  cholera. 


Loss  of  Strength  per  1000  per 
annum. 

Loss  of  Sei-vice  per  1000  per 
annum. 

Years. 

Total 
Deaths. 

Deaths 
from 
Disease. 

Invaliding. 

Admis- 
sions. 

Mean 
daily  Sick. 

Days  in 
Hospital  to 
each  Sick 
Man. 

1837-46,  . 
1861-70  (10  years),  . 
1870-79  (10  years),  . 
1880, 

Highest  (1866,  cholera), 
Lowest  (1864),  . 

15-3 
13-49 

9-77 
,  10-02 
26-44 

6-53 

8-'80 
24-63 
4-58 

22-2 

30-00 

18-01 

1120 
798-6 
837-8 
857-1 

43-79 
43-31 
42-35 
46-66 

19-81 

18-  45 

19-  88 

The  mortality  in  1864  was  as  low  as  it  has  ever  been ;  but  it  has  in  former 
years  been  as  low  as  5-6  from  disease  alone.  It  is  curious  how  alternations 
of  health  and  sickness  occur  chiefly  from  the  variations  in  the  fevers  of 
different  kinds^  especially  enteric  (typhoid)  and  the  remittent  or  so-called 
Malta  fever,  which  has  a  long  course,  a  great  tendency  to  rheumatic  sequel, 
and  little  mortality. 

In  1867  there  was  a  terrible  outbreak  of  continued  fever,  chiefly  among 
the  troops  quartered  in  the  notoriously  unhealthy  barracks  of  Lower  St.  Elmo 
and  Fort  Eicasoli.  The  admissions  rose  to  228,  and  the  deaths  actually 
amounted  to  no  less  than  7-93,  per  1000  of  strength.  Out  of  100  deaths  no 
less  than  32-2,  or  nearly  one-third,  were  from  "  continued  fever,"  i.e.,  enteric 
fever  in  great  measure.  In  1872  there  was  also  a  great  deal  of  fever,  the 
admissions  being  233,  and  the  deaths  3-91,  per  1000  of  strength.  In  1878, 
also,  there  were  209  admissions  and  5-16  deaths  per  1000  of  strength,  the 
deaths  being  in  almost  all  cases  enteric. 

■  In  former  years  phthisis  was  the  cause  of  39  per  cent,  of  the  deaths,  or 
nearly  the  same  as  at  Gibraltar.  Latterly  there  have  been  fewer  deaths  at 
Malta,  but  a  considerable  number  of  tubercular  cases  are  sent  home.  The 
disease  is  probably  detected  earlier,  and  the  men  do  not  die  as  formerly  at  the 
station.  Still  this  does  not  account  for  the  whole  diminution,  and  there  has 
been  clearly  a  lessening  of  phthisis.  There  was  formerly  a  large  amount  of 
stomach  and  bowel  disease,  and  dysentery  was  forty  times  as  frequent  as  in 
England.  1  It  is  certainly  a  very  remarkable  circumstance,  that  both  at 
Gibraltar  and  Malta  there  should  have  been  this  extraordinary  liability  to 
aff^ections  of  the  alimentary  canal.  At  Malta,  as  at  Gibraltar,  it  may  have 
been  chiefly  owing  to  impure  water  and  to  food.2  Of  late  years  stomach  and 
bowel  affections  have  been  less  frequent,  but  are  still  more  common  than  at 
home  ;  m  1861  the  89,000  men  on  home  service  gave  only  67  cases  of  acute 
dysentery,  and  no  deaths,  while  the  6000  men  at  Malta  had  34  cases  and  2 
deaths.  In  1864  there  were  3  deaths  from  acute  dysentery  amon«  5654 
men,  while  in  the  home  station  there  was  only  1  death  among  73,25*2  men 


In  England,  in  183/-46,  every  1130  men  gave  one  ca.se  of  dysentery  :  in  Malta  in  th^ 
same  year,s,  every  twenty-eight  men  gave  one  ca.se  of  dysentery.    The  mortality  of  thr  dL! 
was,  however  nearly  the  same  (see  pages  21  and  118  of  the  Riport  of  1853) 

hcpint  ol  1853,  p.  118.  ' 
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If  it  had  been  equally  fatal  at  home,  there  would  have  been  nearly  39 
deaths.  In  the  three  years  (1878-80)  the  admissions  at  Malta  were  only  4*4, 
and  in  1880  only  2*2  per  1000  and  no  deaths. 

In  the  Statistical  Report  for  1853,  it  is  observed  that  the  number  of  cases 
of  liver  disease  at  Malta  is  remarkably  high ;  and  the  writers,  while  believ- 
ing there  must  be  "  something  in  the  climate  of  Malta  peculiarly  favourable 
to  the  production  of  hepatic  atfections,"  were  unable  to  find,  on  bringing  the 
cases  into  relation  with  the  temperature,  any  connection.  The  cause  of  this 
may  be  something  very  different,  and  it  is  very  desirable  that  the  food  should 
be  looked  to.  There  is  a  suspicion  at  Netley  (which  requires  a  few  years 
more  experience  to  test  it),  that  the  cases  of  echinococcus  of  the  liver  are  more 
frequent  in  men  from  the  Mediterranean  stations  than  others  (Dr.  Maclean). 
The  case  of  Iceland  should  lead  us  to  look  into  this  point. 

The  history  of  admission  for  venereal  disease  is  important ;  in  1837-1846, 
inclusive,  the  admissions  were  only  99  per  1000,  or  two-thirds  less  than  at 
home;  in  1859,  when  the  next  report  appeared,  they  were  149  per  1000; 
and  in  1860  they  were  147*9  per  1000.    In  the  early  period  there  were  police 
regulations,  which  were  suspended  in  the  two  latter  years.    In  June  1861 
the  police  regulations  were  re-enforced,  and  the  admissions  for  the  year  sank 
to  102.    The  4th  battalion  of  the  Eifle  Brigade  showed  the  following  remark- 
able result : — In  the  first  half  of  1861  there  were  57  admissions;  in  the  last 
half  only  17.    In  1862  the  total  number  of  cases  of  "enthetic  disease"  in 
the  whole  garrison  were  only  49-5  ;  in  1863,  44-1  ;  and  in  1864,  53-2  per 
1000.    They  were  increased  in  that  year  by  the  women  who  came  from 
Ionia  with  the  troops.    In  1865  they  were  44;  in  1866,  59-6  per  1000, 
In  1870  and  1871  the  admissions  were  very  few;  in  the  latter  year,  which 
was  the  worst,  the  admissions  of  primary  syphilis  were  only  8-3  per  1000  of 
strength.    If  the  home  return  is  looked  at,  it  will  be  seen  what  an  effect  has 
been  produced  at  Malta  by  good  regulations,  although  the  number  of  cases 
fluctuates  from  causes  traceable  to  special  influences ;  the  reduction  is  almost 
entirely  of  syphilis,  not  of  gonorrhoea.    In  the  later  years  there  has  been  au 
increase  and  considerable  fluctuations.    Such,  then,  in  brief,  seem  to  be  the 
chief  medical  points  of  importance  at  Malta,  viz.,  a  liability  to  phthisis,  less 
marked  of  late  years ;  a  great  amount  of  fever,  from  bad  sanitary  conditions 
in  great  part ;  a  liability  to  stomach  and  intestinal  affections,  which,  though 
less  obvious,  is  still  great,  and  a  singular  tendency  to  a  liver  affection,  which 
may  be  parasitic.    The  chief  improvements  advised  by  the  Barrack  Commis- 
sioners refer  to  a  larger  water  supply,  a  better  distribution,  improved  drainage, 
and  efficient  ventilation. 

In  the  time  of  war,  the  dangers  at  Malta  would  be  the  same  as  at  Gibraltar; 
the  aqueducts  might  be  cut  by  a  besieging  force,  and  the  water  supply 
restricted  to  the  tanks.i  Although  these  are  supposed  to  hold  a  large 
quantity,  they  are  not  kept  fuU,  and  could  not,  perhaps,  be  rapidly  filled 
The  crarrison  might  be  driven  to  distH  the  sea  water.  A  still  more  serious 
danoer  would  be  the  overcrowding  of  a  war  garrison.  Doubtless,  m  case  of  a 
war"  the  garrison  would  only  be  concentrated  in  the  lines  when  the  siege 
commenced,  but  the  crowding  during  a  siege  of  three  or  six  months  might  be 
very  disastrous.  The  danger  should  be  provided  for  beforehand  by  a  c  ear 
recognition  of  what  accommodation  would  be  granted  for  war,  and  how  it  is 
to  be  obtained  without  violating  either  the  conditions  of  health  or  oi 
defence. 

I  Dr.  Notter  analysed,  in  1872,  fourteen  of  the  tank  waters  of  the  different  forts,  and  found 
the  condition  of  the  water  to  bo  satisfactory. 
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Deaths  per  1000  of  Strength  at  each  Period. 

Under 
20. 

20  and 
under  25. 

25  and 
under  30. 

30  and 
under  35. 

35  and 
under  40. 

40  and 
upwards. 

1870-79  1 
(10  years),  \ 
1880, 

3-72 
8-33 

7-76 
12-60 

7-65 
6-19 

10-41 
3-88 

11-96 
16-81 

12-18 
27-40 

Cyprus. 

This  station  -was  first  occupied  in  1878.  It  is  an  island  in  the  Levant, 
about  50  miles  from  the  nearest  mainland,  and  240  from  Port  Said  at  the 
entrance  of  the  Suez  Canal,  Size,  90  miles  by  40  ;  area  about  4000  square 
miles;  civil  population  about  185,000  (in  1881).  Our  information  about 
the  climate  is  as  yet  imperfect,  but  it  appears  to  resemble  that  of  Malta,  with 
greater  rainfall. 

The  stations  at  present  occupied  are  Nicosia  (592  feet  above  the  sea),  as 
headquarters :  Polymedia  camp  (400  feet),  by  the  bulk  of  the  troops,  from 
October  to  May;  and  Mount  Troados  (5720  feet),  from  May  to  October. 
The  average  strength  (1 880)  was  443  officers  and  men.  The  mean  temperature 
at  Polymedia  during  the  cooler  season  (November  to  May  inclusive)  is  about 
69°  to  60°,  of  Mount  Troados  (May  to  September  inclusive)  about  64°  Pahr. 
The  rainfall  appears  to  be  considerable,  for  in  seven  months  (November  to 
May)  in  1880,  31-81  inches  fell,  of  which  no  less  than  12-26  were  recorded  in 
December  alone.  The  number  of  rainy  days  in  the  seven  months  was  58. 
The  prevailing  wind  would  appear  to  be  N.W. 

On  the  first  occupation  in  1878  there  was  a  great  amount  of  sickness, 
chiefly  from  paroxysmal  fever.  This  appeared  to  arise  from  the  unsuitable  sites 
selected  for  the  temporary  camps  and  the  turning  up  of  soil  infiltrated  with 
organic  matter.  During  the  five  months  (24th  July  to  31st  December  1878) 
there  were,  out  of  a  strength  of  894  non-commissioned  officers  and  men, 
3931  admissions  for  disease  and  36  deaths,  or  at  the  rates  of  4397  and  40-3 
per  1000  respectively.  Expanding  these  to  an  annual  rate,  they  amount  to 
10,094  admissions  and  92  deaths  per  1000  of  strength,  an  enormous  amount. 
84  per  cent,  of  the  admissions  and  61  per  cent,  of  the  deaths  were  due  to 
fever,  ahuost  all  paroxysmal  (so-called  remittent),  only  14  admissions  (actua 
number)  and  2  deaths  being  due  to  enteric.  In  1879  (strength  660)  there 
was  a  great  improvement,— the  ratios  being  1470  admissions  and  21  deaths 
per  1000,  35  per  cent,  of  the  admissions  and  50  per  cent,  of  the  deaths  bein^^ 
still  due  to  paroxysmal  fever,  ^'here  were  3  deaths  from  dysentery,  against 
4  in  1878. ,  In  1880  (strength  443)  the  total  admissions  were  1002-2  and  the 
deaths  oidy  2-26  per  1000  strength.  Paroxysmal  fevers  gave  only  196-4  of 
admissions  and  no  deaths.  The  only  death  in  the  command  was  from 
pulmonary  extravasation,  and  occurred  out  of  hospital.  On  the  whole,  we 
may  consider  the  station  healthy  if  proper  precautions  are  taken  :  for,  if  we 
in!?/  ^^^^^^^^  injuries,  the  ratio  for  disease  in  1880  was  only  884-8 
per  1000  of  strength,  and  of  these  383-7  were  venereal  or  the  sequels  of 
venereal  disease.  The  invaliding  in  1880  amounted  to  18-07  per  1000  one- 
fourtn  of  which  was  due  to  syphilis;  the  number  constantly  sick  was  53-27 
per  1000,  of  whom  4-45  were  cases  of  injury  and  28-69  venereal  or  its 
sequelaj;  and  the  average  duration  of  each  case  of  sickness  was  19-45  davs 
a/  possibility  of  placing  the  troops  in  the  hills  at  a  considerable  elevation 
(Mount  Troados,  5720  feet),  during  the  hottest  months,  will  aWs  be  a 
great  advantage  to  this  station.  '  ^®  * 
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SECTION  II. 


WEST  INDIES. 


Tlio  history  of  sanitary  science  aflbrJs  many  striking  instances  of  the 
removal  of  disease  to  an  extent  almost  incredible,  but  no  instance  is  more 
wonderful  than  that  of  the  West  Indies.  Formerly  service  in  the  West 
Indies  was  looked  on  as  almost  certain  death.  It  is  little  over  sixty  years 
since  the  usual  time  for  the  disappearance  of  a  regiment  1000  strong  was 
five  years.  Occasionally  in  a  single  year  a  regiment  would  lose  300  men,  and 
there  occurred  from  time  to  time  epochs  of  such  fatality  that  it  was  a  common 
opinion  that  some  wonderful  morbid  power,  returning  in  cycles  of  years — 
some  wave  of  poison — swept  over  the  devoted  islands,  as  sudden,  as  unlooked- 
for,  and  as  destructive,  as  the  hurricanes  which  so  sorely  plague  the 

"  Golden  isles  set  in  the  silver  sea." 

What  gave  countenance  to  this  hypothesis  was,  that  sometimes  for  months, 
or  even  for  a  year  together,  there  would  be  a  period  of  health  so  great  that  a 
regiment  would  hardly  lose  a  man.  But  another  fact  less  noticed  was  not  so 
consistent  with  the  favourite  view.  In  the  very  worst  years  there  were  some 
stations  where  the  sickness  was  trifling ;  while,  more  wonderful  stiU,  in  the 
worst  stations,  and  in  the  worst  years,  there  were  instances  of  regiments 
remaining  comparatively  healthy,  while  their  neighbours  were  hterally 
decimated.  And  there  occurred  also  instances  of  the  soldiers  dying  by  scores, 
while  the  health  of  the  civil  inhabitants  in  the  immediate  vicinity  remained 
as  usual. 

If  anything  more  Avere  wanted  to  show  the  notion  of  an  epidemic  cycle  to 
be  a  mere  hypothesis,  the  recent  medical  histoiy  of  the  West  Indies  would 
prove  it.  At  present  this  dreaded  service  has  ahuost  lost  its  terrors.  There 
still  occur  local  attacks  of  yellow  fever,  which  may  cause  a  great  mortality  ; 
but  for  these  local  causes  can  be  found ;  and  otherwise  the  stations  in  the 
West  Indies  can  now  show  a  degree  of  salubrity  almost  equalling,  in  some 
cases  surpassing,  that  of  the  home  service. 

The  causes  of  the  production,  and  the  reasons  of  the  cessation,  of  this 
great  mortality  are  found  to  be  most  simple.  It  is  precisely  the  same  lesson 
which  we  should  grow  weary  of  learning  if  it  were  not  so  vital  to  us.  The 
simplest  conditions  were  the  destructive  agents  in  the  West  Indies.  The 
years  of  the  cycles  of  disease  were  the  years  of  overcroAvding,  when  military 
exigencies  demanded  that  large  garrisons  should  hold  the  islands.  The 
sanitary  conditions  at  all  times  were,  without  exception,  infamous. 

There  was  a  great  mortality  from  scorbutic  dysentery,  which  was  almost 
entirely  owing  to  diet.i  Up  to  within  a  comparatively  late  date,  the  troops 
were  fed  on  salt  meat  three,  and  sometimes  five,  days  a  week,  and  the 
supply  of  fresh  vegetables  was  scanty.  It  required  all  the  influence  of 
Lord  Howick,  the  then  Secretary  at  War,  to  cause  fresh  meat  to  be  issued, 
though  it  had  been  pointed  out  by  successive  races  of  medical  officers  that 
fresh  meat  was  not  only  more  wholesome,  but  was  actuaUy  cheaper.  I  He 
result  of  an  improvement  in  the  diet  was  marvellous ;  the  scorbutic 
dysentery  at  once  lessened,  and  the  same  amount  of  mortality  from  this 
cause  is  now  never  seen.  Another  cause  of  dysentery  was  to  be  found  in 
the  water,  which  was  impure  from  being  drawn  from  calcareous  strata,  or 


1  This  is  pointed  out  in  the  Statistical  Report  (1838)  on  the  West  ^J^fJ.'''^^^^^^^^^ 
Balfour  ;  ami  it  is  believed  that  the  iinprovemfent  in  the  diet  was  m  a  great  ineabuie  owing 
til  ese  gentlemen. 
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was  turbid  and  loaded  with  sediment.  The  substitution  of  rain  water  has 
sufficed  in  some  stations  to  remove  the  last  traces  of  dysentery. 

If  the  food  and  Avater  were  bad,  the  air  was  not  less  so.  Sir  Alexander' 
TuUoch  has  given  a  picture  of  a  single  barrack  at  Tobago,  said  to  be  the 
"best  in  the  whole  Windward  and  Leeward  Command," i  the  figures  of 
which  tell  their  own  tale. 

Barrack  at  Tobago  in  1826. — Superficial  space  per  man,  22|  feet;  breadth, 
23  inches;  cubic  space,  250  feet. 

.  The  men  slept  in  hammocks,  touching  each  other.  In  these  barracks, 
crowded  as  no  barracks  were  even  in  the  coldest  climates,  there  was  not  a 
single  ventilating  opening  except  the  doors  and  windows  ;  the  air  was  foetid 
in  the  highest  degree.  With  this  condition  of  atmosphere  it  is  impossible' 
riot  to  bring  into  connection  the  extraordinary  amount  of  phthisis  which 
prevailed  in  the  soft  and  equable  climate  of  the  West  Indies.  There  was 
more  phthisis  than  in  England,  and  far  more  than  in  Canada.  The  first 
great  improvement  was  made  in  1827,  when,  iron  bedsteads  being  introduced, 
each  3  feet  3  inches  wide,  greater  space  was  obliged  to  be  given  to  each  man. . 

Every  arrangement  for  removal  of  sewage  was  barbarous,  and  in  every 
barrack  sewage  accumulated  round  the  buildings,  and  was  exposed  to  heat 
and  air.  When  yellow  fever  attacked  a  regiment,  every  stool  and  evacua- 
tion was  thrown  into  the  cesspools  common  to  all  the  regiment ;  and  in  this 
way  the  disease  was  propagated  with  great  rapidity,  and  was  localised  in  a 
most  singular  manner,  so  that  a  few  hundred  yards  from  a  barrack,  where 
men  were  dying  by  scores,  there  woxild  be  no  case  of  fever.  In  spite  of 
this,  it  was  many  years  before  the  plan  of  at  once  evacuating  a  barrack 
where  yellow  fever  prevailed  was  adoj)ted. 

The  barracks  themselves  were  usually  very  badly  constructed^  and  when 
in  some  cases  the  architects  had  raised  the  barracks  on  arches  from  the 
ground,  in  order  to  insure  perflation  of  air  below  the  buildings,  the  arches ' 
were  blocked  up  or  converted  into  store-rooms  ;  and  the  barracks,  with 
spaces  thus  filled  with  stagnant  air  beneath  them,  were  more  unhealthy  than, 
if  they  had  been  planted  on  the  ground. 

The  localities  for  barracks  were  often  chosen  without  consideration,  or  for 
military  reasons,^  into  which  no  consideration  of  health  entered.  Almost  all 
were  on  the  plains,  near  the  mercantile  towns,  where  the  soil  was  most 
malarious,  and  the  climate  hottest  and  most  enervating.  Malarious  fevers 
were,  therefore,  common. 

To  all  these  causes  of  disease  were  added  the  errors  of  the  men  themselves. 
For  the  officers  there  existed,  in  the  old  slave  times,  the  greatest  temptation. 
A  reckless  and  dangerous  hospitality  reigned  everywhere ;  the  houses  of  the- 
rich  planters  were  open  to  all.    A  man  was  deemed  churlish  who  did  not 
welcome  every  comer  with  a  full  wine,  or  more  often  a  brandy,  cup. 

la  a  climate  where  healthy  physical  exertion  was  deemed  impossible,  or 


J  Report,  1838. 

2  The  history  of  the  old  St.  James's  Barracks  in  Trinidad  is  too  remarkable  to  be  passed 
over.  It  was  determined  to  build  a  strong  fort— a  second  Gibraltar-on  the  lower  spurs  of  the 
hills  overlooking  the  plain  where  the  barracks  now  stand.  When  the  works  had  been  carried 
on  lor  some  time,  it  was  discovered  that  they  could  not  hold  the  troops.  The  barracks  were 
then  ordered  to  be  placed  on  the  plain,  under  cover  of  the  guns  of  the  fort.  Beiore  the  fort 
was  quite  hnished,  it  was  found  to  be  so  unhealthy  that  neither  wliite  or  black  men  could  live 
there,  and  it  wa.s  abandoned.  The  barrack,  it  is  said,  was  not  then  commenced  :  vet  thou<rb 
the  reason  for  placing  it  in  that  spot  had  gone,  it  was  still  built  there,  on  a  piece  of  erouud 
near  two  marshes  (Cocorite  and  the  Great  Western  Marsh),  below  the  general  level  of  the 
plain,  and  exposed  to  the  winds  Irom  the  gullies  of  the  neighbouring  hills     Yet  this  bid 
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was  at  any  rate  distasteful,  it  was  held  to  be  indispensable  to  eat  largely  to 
maintain  the  strength.  To  take  two  breakfasts,  each  a  substantial  meal,  was 
the  usual  custom ;  a  heavy  late  dinner,  frequently  followed  by  a  supper, 
succeeded ;  and  to  spur  the  reluctant  appetite,  glasses  of  bitters  and  spirits 
wore  taken  before  meals. 

The  private  soldiers  obtained  without  difficulty  abundance  of  cheap  rum, 
which  was  often  poisoned  with  lead.  Drunkenness  was  almost  universal, 
and  the  deaths  from  delirium  tremens  were  frequent  and  awfully  sudden. 
The  salt  meat  they  were  obliged  to  eat  caused  a  raging  thirst,  which  the  rum 
bottle  in  reality  only  aggravated. 

To  us  these  numerous  causes  seem  sufficient  to  account  for  everything,  but 
in  former  days  an  easier  explanation  was  given.  It  was  held  to  be  the 
climate  ;  and  the  climate,  as  in  other  parts  of  the  world  besides  the  West 
Indies,  became  the  convenient  excuse  for  pleasurable  follies  and  agreeable 
vices.  ^  In  order  to  do  away  with  the  effects  of  this  dreaded  climate,  some 
mysterious  power  of  acclimatisation  was  {invoked.  The  European  system  re- 
quired time  to  get  accustomed,  it  was  thought,  to  these  climatic  influeuces, 
and  in  order  to  quicken  the  process  various  measures  were  proposed.  At  one 
time  it  was  the  custom  to  bleed  the  men  on  the  voyage,  so  that  their  European 
blood  might  be  removed,  and  the  fresh  blood  which  was  made  might  be  of 
the  kind  most  germane  to  the  West  Indies.  At  other  times  an  attack  of  fever 
(often  brought  on  by  reckless  drinking  and  exposure)  was  considered  the  grand 
preservative,  and  the  seasoning  fever  was  looked  for  with  anxiety.  The  first 
statistical  report  of  the  army  swept  away  all  these  fancies,  and  showed  con- 
clusively that  instead  of  prolonged  residence  producing  acclimatisation  and 
lessening  disease,  disease  and  mortality  increased  regularly  with  every  year  of 
residence. 

The  progress  of  years  has  given  us  a  different  key  to  all  these  results.  It 
is  now  fully  recognised  that  in  the  West  Indies,  as  elsewhere,  the  same  cus- 
toms will  insure  the  same  results.  Apart  from  malaria,  we  hold  our  health 
and  life  almost  at  will.  The  amount  of  sickness  has  immensely  decreased ; 
occasionally  in  some  stations  which  used  to  be  very  fatal  (as  at  Trinidad) 
there  has  not  been  a  single  death  in  a  year  among  200  men.  Among  the 
measures  which  have  wrought  such  marvels  in  the  West  Indies  have  been — 

1.  A  better  supply  of  food ;  good  fresh  meat  is  now  issued,  and  vegetables, 
of  which  there  is  an  abundance  everywhere. 

2.  Better  water. 

3.  More  room  in  barracks,  though  the  amount  of  cubic  space  is  still  small. 

4.  Removal  of  some  of  the  stations  from  the  plains  to  the  hills;  a  measure 
which  has  done  great  good,  but  which  can  explain  only  a  portion  of  the  im- 
provement. The  proper  height  to  locate  troops  is  by  most  army  surgeons 
considered  to  be  at  some  point  above  2500  feet. 

5.  Better  sewage  arrangements,  and  more  attention  generally  to  sanitary 
conservancy. 

6.  A  more  regular  and  temperate  life,  both  in  eating  and  drinking,  on  the 
part  both  of  officers  and  men. 

7.  The  occupancy  of  the  unhealthy  places,  when  retained  as  stations,  by 
black  troops. 

8.  A  better  dress.  It  is  only,  however,  within  recent  years  that  a 
more  suitable  dress  has,  at  the  instance  of  the  late  Sir  J.  B.  Gibson,  formerly 
Director-General,  A.M.D.,  been  provided  for  the  West  Indian  Islands. 

The  army  stations  in  the  West  Indies  are,  Jamaica,  Barbadoes,  Trinidad, 
St.  Vincent;  the  last  three  being  included  in  the  term  "Windward  and 
T^eeward  Command."    British  Guiana,  on  the  mainland,  is  part  of  this  com. 
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mand.  There  are  small  parties  of  artillery  and  some  black  troops  in  Honduras 
and  the  Bahamas. 

The  period  of  service  is  now  three  or  four  years  :  formerly  it  was  eleven  or 
twelve,  but  this  was  altered  after  the  first  statistical  report.  Usually  the 
Mediterranean  regiments  pass  on  to  the  "West  Indies,  and  subsequently  to 
Canada.  The  total  number  of  men  serving  in  the  West  Indies  is  now  very 
small. 

The  proper  time  for  arriving  in  the  West  Indies  is  in  the  beginning  of  the 
cold  .-eason,  viz.,  about  the  beginning  of  December,  when  the  hurricanes  and 
autumnal  rains  are  usually  over. 

Jamaica. 

Present  strength  of  white  garrison,  200  to  300 ;  black  troops,  500  to  600. 
Popidation  of  island  estimated  at  560,000.  A  range  of  lofty  hills  (Blue 
Mountains)  divides  Jamaica  into  two  parts,  connected  by  a  few  passes.  .  The 
troops  were  formerly  stationed  chiefly  in  the  south  plains,  at  Kingston 
(30,000  inhabitants),  Port-Royal,  Spanish  Town,  Up-Park  Camp,  Fort- 
Augusta,  &c.  After  the  Maroon  war  in  1795  some  troops  were  stationed  at 
Maroon  Town  (2000  feet  above  the  sea)  on  the  north  side,  and  at  Montego 
Bay.  Subsequently  Stoney  Hill  (1380  feet  above  the  sea),  at  the  mouth  of 
one  of  the  passes,  was  occupied. 

Since  1842  some,  and  now  nearly  all  the  troops,  are  at  Newcastle,  in  the 
hills,  4000  feet  above  the  sea,  with  detachments  at  Kingston  and  Port-Eoyal 
The  other  stations  are  now  disused  for  white  troops.    The  sanitary  condition 
at  Newcastle  was  formerly  not  good ;  the  sewage  arrangements  are  very 
imperfect;  it  is  now  somewhat  improved. 

CUmate.—-Tlie  climate  is  very  different  at  the  different  stations.  At 
I  Kingston  (sea-level)— temperature,  mean  of  year  =78°;  hottest  month 
July,  mean  =  8r-71  ;  coldest  month,  January,  mean=75°-65;  mean  yearly 
i  fluctuations  =  6  -06.  Undulations  trifling.  The  climate  is  limited  and 
:  equable.  At  Newcastle  the  mean  annual  temperature  is  about  66°:  hottest 
I  month,  August  =67°-75  ;  coldest  month,  February  =  61°.  The  diurnal  range 
;  18  considerable  but  the  annual  fluctuation  is  trifling  (about  6°).  The  me^n 
ot  the  yeans  therefore  much  lower  than  on  the  plains;  the  amplitude  of  the 
)  yearly  fluctuation  about  the  same ;  the  diurnal  change  greater. 

Humidity.— T\n^  is  considerable  in  the  plains— often  from  80  to  90  per 
cent,  of  saturation  =  7  to  9  grams  of  vapour  in  a  cubic  foot.    At  Newcastle 
the  mean  yearly  dew-point  is  about  60°;  the  amount  of  vapour  in  a  cubic 
!  saturation  •  yearly  relative  humidity  is  68  per  cent,  of 

,  A  f.f'^^-74°'0"«<^fn  the  plains  =  50  to  60  inches,  in  spring  and  autumn,  viz.. 
[  Apnl  and  May  and  October  and  November.  Showers  in' July  and  Angus  * 
<  ,   .^^'^f -T^l^r'^^y  ^f8".l^r  land  winds  at  night,  and  sea  breezes  in%he 

mnnnti    7  '"^"i^'  ^'T^        ^^^^  ^^J'    The  central  chain  of 

.b  vP^f  ^o.ih.,^si  trade  wind,  so  that  it  reaches  the  south  side 

diverted  from  its  course  ;  from  December  to  February  the  wind  is  often 
from  the  north,  and  brings  rain  and  fogs     wet  northers '')•    The  south  wes^ 

e^d  n^T         ^^t  ^t^-^  .""'^  "months  are  from  the 

end  of  July  to  the  beginning  of  November.  The  cHmate  in  the  plaTns  is 
'  therefore  hot,  equable,  and  humid.  ^  ^ 

Health  of  the  Blade  Civil  Population. 

Snotl^V^f^''-^'''^''''  ^""^  exanthemata  are  common 

Spotted  typhus  18  said  to  be  unknown;  typhoid  is  said  to  be  uncommon; 
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but  is  probably  more  common  than  is  supposed.  Influenza  has  prevailed  at 
times,  and  also  the  so-called  dandy  or  polka  (Dengue).  Cholera  has  pre- 
vailed severely.  Malarious  fever  is  common  over  the  whole  of  the  south 
plains.  Yellow  fever  is  common,  though  less  frequent  and  severe  among 
the  blacks  than  the  whites.  Dysentery  is  common,  though  it  has  always 
been  less  frequent  than  among  the  troops.  Organic  heart  disease  is  frequent. 
Liver  diseases  are  uncommon.  Spleen  disease,  in  the  form  of  leucocythsemia, 
is  common  among  the  blacks  (Smarda).  Gout  is  said  to  be  frequent,  and 
scrofula  and  rickets  to  be  infrequent.  Syphilis  is  not  common,  but 
gonorrhoea  is.  Cancroid  of  the  skin  and  elephantiasis  of  the  Arabs  (Pachy 
dermia)  are  common.    Leprosy  is  also  seen. 

Health  of  the  Troops. 

In  the  years  1790-93  the  annual  mortality  of  the  white  troops  varied  in 
the  different  stations  from  111  (Montego  Bay)  to  15-7  per  1000  of  strengtli' 
at  Sfconey  Hill  (1380  feet  above  sea-level).  In  the  years  1794-97  the 
mortality  was  much  greater ;  the  most  unhealthy  regiment  in  the  plaii 
lost  333  ;  the  most  healthy,  45-4  per  1000  of  strength;  at  the  hill  station^ 
of  Maroon  Town  (2000  feet),  the  mortality  was,  however,  only  15-6  per 
1000.  In  the  years  1817-36  the  mean  mortality  was  121-3;  the  mean  o' 
the  four  healthiest  years  gave  67,  and  of  the  four  unhealthiest  years  259  per 
1000.    The  causes  of  death  in  these  twenty  years  were — 

Fevers,   ....    101 -9  per  1000  of  strength. 

Lung  diseases,        .       .       7*5  „ 

Bowel  complaints,  .        .       5"1  „ 

Brain  disease,  ...       2*6  „ 

Liver  diseases,        .       .       1  „ 

Other  complaints,    .       .       3'2  „ 

121-3 

The  admissions  in  these  years  were  1812  per  1000  of  strength. 
1837-55  the  following  were  the  mean  results :— Mortality  per  1000  o 
strength— white  troops,  60-8  ;  black  troops,  38*2.    Admissions  per  1000 
white  troops,  1371 ;  black  troops,  784.    So  that  the  mortality  had  declin 

one-half.  t    j     t  iqct-i- 

In  1 864  the  mortality  was  much  below  the  home  standard.    In  ibbv  it  r 
up  nearly  to  the  old  amount,  from  the  prevalence  of  yellow  fever,  whicb  i 
that  year  prevailed  again  in  Newcastle,  and  caused  a  greater  loss  than  it  ha 
done  in  1860.    The  statistics  of  the  wbite  troops  are— 


Years. 

Loss  of  Strength  per  1000  per 
Annum. 

Total 
Deaths. 

Deaths 
from 
Disease. 

Invalids. 

1861-70  (10  years),  . 
1871,. 

Highest  in  1867, 
Lowest  in  1864,  . 
In  1875  the  death  rate 
was. 

20-36 
13-51 
71-09 
7-35 

12-99 

13-51 
69-80 
5-88 

27-6 
30-4 
45-91 

Loss  of  Service  per  1000  per 
Annum. 


Admis- 
sions. 


930-8 
1192-9 


Mean 
Daily  Sick. 


40-63 
32-43 
78-95 


Days  in 
Hospital  in 
each  Sick 
Man 


16-10 
15-17 
21-95 


An 


«ince  i»VO  no  separate  reuum  is  iuimowv.^..   ^ 

increase  in  admissions  and  mortality  occurred  in  I860  and  186b,  omng  w. 
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the  exposure  of  the  troops  in  the  time  of  the  negro  disturbances,  and  their 
subsequent  partial  location  on  the  plains. 

Before  this  period  Jamaica  contrasted  favourably  even  with  home  service, 
and  particularly  so  with  India. 

A  decrease  of  admissions  in  1859-64  was  chiefly  owing  to  the  compara- 
tively small  number  of  cases  of  paroxysmal  disease ;  a  decline  consequent  on- 
the  removal  of  most  of  the  troops  from  the  plains  (in  1859  Newcastle  gave 
29"1  admissions,  and  Port-Royal,  on  the  plain,  443*5  per  1000  of  strength, 
from  malarious  disease).  In  1863  some  white  troops  were  sent  to  Up-Park 
Camp,  and  furnished  a  large  number  of  malarious  cases  (547*6  admissions  per 
1000  of  strength),  while  at  Newcastle  they  were  only  48  per  1000.  The 
decrease  in  the  mortality  in  the  years  1859-64  was  owing  to  lessened  fever 
and  dysentery.  Among  the  black  troops  there  is  now  greater  sickness  and 
mortality  than  among  the  whites;  the  mortality  in  1837-55  was  38-2  per 
1000;  in  1859-65  it  was  27*33;  in  1866,  23*03;  in  1875  it  was  only  14*67. 
There  is  among  these  troops  a  large  mortality  from  paroxysmal  fevers,  phthisis, 
and  diseases  of  the  alimentary  canal;  and  it  is  evident  that  their  condition 
requires  a  close  examination. 

The  mortality  of  the  white  troops  shows  a  marked  increase  with  age. 

The  following  seem  to  be  the  most  important  points  connected  with  the 
white  troops  which  require  notice. 

It  is  impossible  [to  avoid  paroxysmal  fevers  without  placing  all  the  troops 
in  the  hills,  and  it  is  very  desirable  Newcastle  should  be  made  the  only 
station  for  white  troops. 

The  possibility  of  yellow  fever  occurring  at  an  elevation  of  4000  feet  was 
shown  by  the  appearance  of  yellow  fever  at  Newcastle  in  1860  and  1867.  In 
1860  occurred  the  remarkable  instances  of  contagion  on  board  the  ships 
"  Icarus  "  and  "  Imaum  "  described  by  Dr.  Eryson.  Whether  yellow  fever 
wafe  imported  into  Newcastle  or  not  was  a  subject  of  discussion ;  it  certainly 
appears  probable  that  it  was  carried  there  ;  but  the  important  point  for  us 
IS  that  mere  elevation  is  not  a  perfect  security.  There  were,  however,  only 
a  small  number  of  cases.  In  1867,  when  yellow  fever  again  appeared 
at  Newcastle,  it  was  imported,  apparently,  from  Kingston  and  Up-Park 
Camp. 

In  the  returns  for  a  number  of  years,  cases  were  returned  as  "continued 
fever;  it  had  never  been  clearly  made  out  whether  or  not  these  were  cases- 
of  typhoid  fever  until  1873-4,  when  a  sharp  epidemic  occurred  at  New- 

Formerly  there  was  a  large  number  of  cases  of  phthisis ;  phthisis  is  now 
uncommon;  m  1817-36  lung  diseases  (almost  entirely  phthisis)  caused  7*5 
deaths  per  1000  of  strength,  or  more  than  in  England.  In  1 859-66  the  ratio 
was  only  1*42  per  1000  of  strength ;  and  in  1861,  out  of  636  men  there  was 
not  a  single  death,  though  four  men  were  sent  home  with  consumption.  In 
l«b5  there  was  no  death;  eight  men  were  sent  home. 

At  Newcastle  there  occurred  for  some  years  an  excess  of  affections  of  the 
alimentary  canal,  chiefly  indigestion  ;  at  present  these  have  lessened,  but  it 
would  be  important  to  make  out  the  cause.  In  1860  there  was  not  a  single 
admission  from  dysentery  at  any  station. 

In  the  worst  times  in  Jamaica  it  was  always  remarked  that  there  was  rather 
a  singular  exemption  from  acute  liver  disease ;  very  few  cases  appear  in  the 
returns  under  hepatitis ;  whether  this  is  a  matter  of  diagnosis,  or  whether 
there  was  really  an  immunity  compared  with  India  or  the  Mauritius  is  a 
question  of  great  interest  which  cannot  now  be  solved.  At  present  'liver 
disease  unconnected  with  drinking  is  uncommon  pi«sonc,  iiver 
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There  is  still  too  much  drinking,  and  the  medical  officers  have  strongly 
advised  the  issue  of  beer  instead  of  the  daily  dram. 

Venereal  diseases  have  never  prevailed  much  in  Jamaica  ;  they  have  caused, 
on  an  average,  from  70  to  90  admissions  per  1000  of  strength.  In  1862  there 
were  only  47  admissions  per  1000  of  strength.  On  an  average  in  1859—65, 
enthetic  diseases  gave  118  admissions  per  1000.  This  is  owing  to  the  connec- 
tion usually  formed  between  the  black  women  and  the  soldiers,  and  to  a 
lessened  amount  of  promiscuous  intorcoarse. 

The  history  of  the  years  1865-67  shows  that  the  greatest  care  and  the  most 
judicious  arrangement  of  the  men  is  necessary  to  guard  against  a  recurrence  of 
the  old  evils. 

The  black  troops  gave  a  mortality  of  24*6  per  1000  (mean  of  ten  years, 
1861-70),  especially  from  phthisis. 

Trinidad. 

Strength  of  garrison,  200  men.  Civil  population  (in  1881)  about  153,000. 

Geology. — Tertiary  formation  of  Miocene  age  ;  central  range  of  hills  is  an 
indurated  formation  of  Cretaceous  age ;  the  northern  littoral  range  consists 
of  micaceous  slates,  sandstones,  limestones,  and  sliales.  The  highest  hill  is 
3012  feet ;  the  central  hill  (Tamana)  is  1025  ;  jyth  of  the  island  is  swampy. 

Climate. — Temperature  of  the  plains  :  Mean  of  >  ear  about  79°*3  ;  coMest 
month,  January  =  78°;  hottest  month,  May  =  81°"5;  next  hottest,  October 
=  80°*4.  Mean  annual  fluctuation,  3°"5.  The  climate  is  therefore  very  equable 
and  limited.  There  are,  however,  cold  winds  from  the  hills  blowing  over 
small  areas. 

Hygrometry. — Mean  dew-point,  75° "1  ;  mean  relative  humidity  =  81  per 
cent,  of  saturation  ;  mean  weight  of  vapour  in  a  cubic  foot  =  9*4  grains  ;  most 
humid  month  is  May,  as  far  as  the  amount  of  vapimr  is  concerned.  Month 
with  greatest  relative  humidity,  August. 

Winds  from  east  to  north-east  and  south-east.  West  winds  rare,  and 
oppressive. 

Rain  on  the  Plains  about  60  to  70  inches.  Greatest  rainfall  in  one  day, 
4-67  inches.  Dry  season,  December  to  May.  June  and  July  showery. 
Heavy  rain  in  August,  September,  and  October. 

Sanitary  Condition. — St  James's  Barrack  is  on  a  depression  on  an  alhivial 
soil  three  miles  from  Port  of  Spain,  the  capital ;  it  is  one  mile  from  the 
Cocorite,  and  three  from  the  Great  Eastern  Swamp  ;  the  drainage,  for  many 
years  most  defective,  is  now  improved,  as  the  main  sewer  is  carried  to  the  sea. 
On  many  occasions  yellow  fever  has  prevailed  in  this  barrack,  and  nowhere 
else  in  the  island  ;  the  last  occasion  was  in  1858-59,  and  then  it  was  proposed 
by  Dr.  Jameson  (the  principal  medical  officer)  to  erect  barracks  on  a  spot  2200 
feet  above  sea-level. 

The  capital,  the  Port  of  Spain  (32,000  inhabitants),  is  built  at  the  prmcipal 
outfall  of  the  island;  it  is  on  a  low  and  unhealthy  plain.  Formerly,  it  was 
so  unhealthy  as  to  be  scarcely  habitable,  but  after  being  well  drained  and 
paved  by  Sir  Ralph  Woodford,  it  has  become  much  healthier.  This  was  the 
result  of  great  sanitary  efforts  in  a  very  unpromising  locality,  and  should  be 
a  lesson  for  all  climates. 

There  is  still,  however,  much  malarious  disease,  dysentery,  and  at  tmies 
yellow  fever ;  but  this  last  disease  has  occasionally  been  very  severe  at  bt. 
James's  Barracks,  without  a  single  case  being  seen  in  Port  of  Spain  Ihe 
ascent  of  the  malaria  from  the  barrack  plain  is  certainly  more  than  500,  and 
probably  as  much  as  1000  feet.  . 

Diseases  of  Troops.— ThQ  state  of  health  has  been  and  is  very  similar  to 
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that  of  Jamaica,  with,  however,  a  large  percentage  in  former  years  both  of 
phthisis  and  diseases  of  the  stomach  and  bowels,  chiefly  dysentery. 

In  tlie  years  1817-36,  the  average  mortality  of  the  white  troops  was  106*3 
per  1000  of  strength,  and  of  these  deaths  there  were — 

Prom  fevers,        .       .       .       .       .       .       .       .  61-6 


Lung  diseases,  ...... 

Diseases  of  stomach  and  bowels. 
Dropsies  (probably  partly  malarious,  partly  renal), 
Brain  diseases  (especially  from  intemperance), 
Liver  diseases,  ...... 

All  other  diseases,  


11-5 
17-9 
7-7 
4-7 
1-1 
1-8 


106-3 

As  in  Jamaica,  the  statistics  of  the  white  troops  of  late  years  tell  a  very 
different  stor}'. 

In  1859  there  was  an  outbreak  of  yellow  fever,  and  the  deaths  from  disease 
rose  to  84-27  per  1000.  In  the  next  seven  years  (ending  1866)  the  average 
number  was  7*48  deaths  from  disease  per  1000.  In  two  years  (1860  and 
1865)  there  were  no  deaths. 

Even  in  1859,  when  the  mortality  "was  so  large,  there  were  only  10  deaths 
from  yellow  fever  among  190  men,  while  there  were  no  less  than  4  deaths 
from  delirium  tremens. 

Among  the  diseases  in  the  returns,  the  largest  item  is  malarious  fever;  there 
are  also  cases  of  "  continued  fever,"  as  in  Jamaica  ;  and  this  term,  in  fact 
has  never  been  absent  from  the  reports.  Is  this  typhoid  fever?  In  all 
probability  it  is,  as  unequivocal  typhoid  fever  does  occur  in  Trinidad.i  A 
considerable  number  of  cases  of  dyspepsia  are  admitted;  in  1860  there' were 
16  cases  out  of  221  men,  or  72  per  1000  of  strength.  In  1862  there  were 
103  per  1000  admissions,  from,"  digestive  "  diseases.  Venereal  diseases  have 
always  been  low;  in  1860,  1861,  1862,  and  1864,  there  were  only  49-8 
44-4,  20-6,  and  63-8  admissions  per  1000  of  strength.  Dysentery  is  now 
infrequent.  In  1860,  out  of  221  men,  and  1861,  out  of  225  men,  there  was 
not  a  single  case.  In  1864,  out  of  235  men,  there  was  only  1  case  Li  1865 
there  were  no  admissions  from  phthisis.  Phthisis  is  much  less  common  vet 
m  sonie  years  there  is  still  too  much  of  it.  Separate  statistics  are  no  longer 
available  from  the  A.M.D.  Reports.  ^ 

It  is  evident  that  if  Dr.  Jameson's  suggestion  is  acted  upon,  and  the  troops 
are  removed  to  the  hills,  malarious  fever  will  disappear,  and  yellow  fever  can 
be  prevented  In  such  a  case,  if  the  men  will  abstain  from  drinking,  this 
island,  which  formerly  killed  rather  more  than  1  man  in  every  10  yearlv  wiU 
be  one  of  the  liealthiest  spots  in  the  world.  «^      -x      J>  vvm 

The  black  troops  are  now  less  healthy  than  the  white,  having  in  1859-65 
an  annual  mortality  of  nearly  20  per  1000,  of  which  18  were  from  disease 
Iheir  condition  requires  looking  into.    Of  late  years  a  very  small  numbei  of 
black  troops  have  been  stationed  at  Trinidad.  J'      *  ^  numoei  ot 

The  invaliding  from  Trinidad  is  combined  in  the  Armv  Eenorts  wi'fT. 
of  the  other  islands  of  the  Windward  and  Leeward  ConTmands 

Barbadoes. 

strength  of  garrison,  300  to  400  men.    Civil  population  (in  1881)  172  Ono 
Limestone  (coralline) ;  sandstone  (tertiary) ;  beds  of  Wtuininous 

1  Dr.  Stone's  paper  in  the  Medical  Tiviesand  Gazette,  Feb.  i860. 
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matter  and  coal  (tertiary),  clay  in  parts  (especially  in  the  hilly  district  called 
"  Scotland  "). 

An  open  country,  well-cultivated,  no  marshes  except  a  small  one  at  Graeme 
Hallj  one  mile  to  the  east  of  St,  Ann's  Barracks. 

The  country  is  divided  into  two  parts :  a  mountainous  district  termed 
"  Scotland,"  and  a  lower  country  consisting  of  a  series  of  five  gigantic 
terraces,  rising  with  some  regularity  one  above  the  other.  The  highest  hill  is 
1100  feet. 

Climate  of  the  Plain. — Temperature  :  Mean  of  year,  80° ;  hottest  month 
(October),  83° ;  coldest  month  (January),  78°  ;  mean  yearly  fluctuation,  5". 
Climate  equable  and  limited.    Eelative  humidity,  70  per  cent. 

Wind. — N.E.,  trade,  strongest  in  February  to  May ;  weak  in  September  to 
November  inclusive  ;  hurricane  month,  August. 

Rain. — About  56  to  58  inches,  on  an  average,  but  varying  a  good  deal  in 
the  autumn  chiefly,  though  there  is  rain  in  all  months,  but  much  less.  The 
dry  season  is  from  December  to  May. 

Water. — Formerly  supplied  from  wells;  it  was  highly  calcareous.  At 
present  good  water  is  supplied  by  a  water  company.  Rain  water  is  also 
collected  in  tanks. 

Sanitary  Condition. — St.  Ann's  Barracks  are  placed  above  one  and  a  half 
mile  from  Bridgetown,  on  the  sea  ;  the  locality  and  the  construction  of  the 
barracks  have  been  much  complained  of,  and  a  position  in  the  hills  advised.^ 
Arrangements  for  sewering  and  the  water  supply  were  both  formerly  bad ; 
considerable  improvements  have  been  made,  and,  since  1862,  30,000  gallons 
are  supplied  daily  to  St.  Ann's  Barracks.  It  is  a  limestone  water,  con- 
taining carbonate  of  lime,  but  no  sulphate  of  lime,  and  is  remarkably  free 
from  organic  matter.  The  total  sohds  are  18-72  grains  per  gallon.  The 
troops  are  still  too  much  crowded  in  barracks,  the  allowance  being  under  600 
cubic  feet.  Since  1872  new  latrines  (Jennings'  pattern)  have  been  provided 
and  the  old  ones  closed. 

Formerly  vegetables  were  very  deficient  in  Barbadoes,  and  even  now  there 
is  some  difficulty  in  procuring  them.  They  are  often  imported  from  other 
islands. 

Diseases  among  Civil  Population.— YqWow  fever  has  appeared  frequently, 
although  the  island  is  not  marshy.  It  is  not  so  frequent  as  formerly ;  it 
used  to  be  expected  every  four  years. 

Barbadoes  and  Trinidad  contrast  greatly  in  the  freedom  from  marshes  ot 
the  one,  and  the  existence  of  marshes  and  malarious  diseases  in  the  other  ; 
yet  Barbadoes  has  had  as  much  yellow  fever  as  Trinidad. 

Dysentery  was  common  formerly,  partly  from  bad  water ;  mfluenza  has 
been  epidemic  several  times.  Barbadoes  leg,  or  Elephantiasis  of  the  Arabs, 
is  frequently  seen.  Leprosy,  or  Elephantiasis  Grsecorum  is  also  not  very 
Uncommon     Variola  and  Pertussis  have  from  time  to  time  been  very  bail. 

Hillary  in  1766,  described  a  "  slow  nervous  fever,"  under  which  term  our 
typhoid  fever  appears  to  have  been  indicated  by  most  writers  of  that  period. 
His  description  is  not  quite  clear,  but  resembles  typhoid  fever  more  than  any 
other.    He  also  speaks  of  "  diarrhoea  febrilis."   Can  this  have  been  typhoid 

Dracunculus  was  formerly  very  frequent,  and  Hillary  attributes  it  to  h 
drinking  water,  and  states  that  there  were  some  ponds  the  water  of 
was  known  to  "  generate  the  worm  if  washed  m  or  drank. 
•  Yaws  used  to  be  common. 


•  .  For  an  extremely  gooa  au.l  concise  account  of  Barbadoes,  see  Dr.  Jan.esou's  Report  in  the 
Army  Medical  Jiepari  for  1861,  p.  261. 
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Colica  pictonum  was  formerly  frequent. 

Diseases  of  Troops. — Yellow  fever  lias  several  times  been  very  fatal. 

Scorbutic  dysentery,  arising  from  tbe  wretched  food,  was  formerly  very  fre- 
quent, and  appears  from  Sir  Andrew  Halliday's  work  to  have  been  very  bad 
even  in  his  time  (1823  to  1832). 

From  1817  to  1836  (20  years)— 

Average  mortality  (white  troops),  58-5  per  1000  of  strength. 

Greatest        „         '    „  204  „  „       (in  1817). 

Least  „  „  18  „  „       (in  1823). 

In  1817  there  were  1654  men  on  the  island,  and  yellow  fever  broke  out. 
In  1823  there  were  only  791. 

Of  late  years,  as  in  all  the  other  islands^  the  sickness  and  mortality  has  been 
comparatively  trifling. 

In  1859-65  the  total  deaths  were  6-98  per  1000,  and  in  1866  they  fell  to 
3-28  per  1000,  which  is  only  ^d  the  mortality  of  home  service.  The  highest 
mortality  of  late  years  was  in  1862,  viz.,  16*77;  the  average  number  of 
admissions  is  about  1200. 

In  1864  there  was  an  outbreak  of  a  mild  fever,  termed  "remittent  j  "  the 
nature  is  unknown;  no  case  was  fatal. 

•  The  increased  mortality  of  1862  was  owing  to  yellow  fever.  It  appeared 
first  among  the  civil  population  in  Bridgetown,  and  afterwards  attacked  the 
troops  in  the  (stone)  barracks.  As  it  continued  to  spread,  the  men  were 
moved  out  and  placed  under  canvas,  with  the  best  effects.  A  remarkable 
feature  of  this  epidemic  was  that  the  officers  suffered  in  attacks  six-fold  more 
than  the  men,  and  had  a  inortality  more  than  twenty-fold.  The  women  also 
suffered  three-fold  more  than  the  men.  Formerly  the  case  would  have  been 
reversed.  In  1861  there  were  only  two  deaths  out  of  787  men,  one  from 
phthisis  and  one  from  apoplexy  ;  and  in  1864  there  Avere  also  only  two  deaths 
(diarrhoea  and  phthisis)  among  930  men. 
Dysentery  is  now  uncommon. 

The  great  improvement  to  be  made  at  Barbadoes  is  decidedly  a  complete 
change  of  barracks.  The  persistent  recurrence  of  yellow  fever  in  these  old 
barracks,  with  their  imperfect  arrangements,  shows  them  to  be  the  main  cause 
of  the  appearance  of  the  disease.  The  saving  in  the  cost  of  a  single  epidemic 
would  amply  repay  the  outlay. 

As  in  the  other  islands,  the  black  troops  are  now  much  more  unhealthy 
than  the  white,  and  the  sanitary  condition  of  their  barracks  and  theii-  food 
evidently  requu-e  looking  into.  Phthisis  and  chronic  dysentery  are  the  chief 
diseases  causmg  mortality.  The  average  of  1859-64  gave  1015  admissions 
?nnn  ^^""^^^^  P^''  ^^^^  strength.  In  1865  there  were  22-64  deaths  per 
1000  of  strength,  or,  excluding  violent  deaths,  20-49;  of  these  phthisis  caused 
•14-34,  or  no  less  than  70  per  cent,  of  total  deaths. 

No  separate  information  is  now  available  from  the  A.M.D.  Repoiis. 

St.  Lucia. 

tion*(S'f871),  36,6ia  ^  "^"^  "'"'^^^  ^^'''^  P'^^^^' 

.  St.  Lucia  is  divided  into  two  parts  :  Basseterre,  the  lowest  and  most  culti' 
rated  part,  is  very  swampy;  Capisterre,  hilly,  with  deep  narrow  ravines  full 
of  vegetation.  _  The  climate  is  similar  to  that  of  the  other  islands,  but  is  moi«e 
ramy  and  humid.  ' 

Diseases  of  the  White  Troops.~From  1817-36;  average  strenc^th  241  • 
average  deaths,  30  =  122-8  per  1000  of  strength.  Of  the  122-8  deaths  63  l' 
ivere  from  fevers,  39-3  from  bowel  disease,  and  12-5  from  lung  disea  e 
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Pigeon  Island  (a  few  miles  from  St.  Lucia)  was  formerly  so  unhealthy  lhat 
on  one  occasion  22  men  out  of  55  died  of  dysentery  in  one  year,  and  of  the 
whole  55  men  not  one  escaped  sickness.  The  cause  is  supposed  to  have  been 
bad  water.    Now  Pigeon  Island  is  considered  healthy. 

Although  the  mortality  was  formerly  so  great^  St.  Lucia  has  been  very 
healthy  for  some  years. 

In  1859,  mean  strength  of  white  troops,  96  ;  admissions,  113,  and  there  was 
not  a  single  death,  although,  if  the  mortality  had  been  at  the  rate  of  the 
twenty  years  ending  1836,  12  men  would  have  died. 

Better  food,  some  improvement  in  barracks,  and  the  use  of  rain  instead  of 
well  water,  have  been  the  causes  of  this  extraordinary  change. 

22  men  were  admitted  with  "  continued  fever,"  IS  with  ophthalmia,  and 
only  2  with  venereal. 

In  1860  there  was  no  case  of  dysentery  and  only  two  of  diarrhoea  among 
100  men  in  this  island,  where  formerly  there  would  have  been  not  only  many 
cases,  but  4  deaths.  One  man  died  from  phthisis,  or  at  the  rate  of  10  per 
1000. 

In  1861,  out  of  94  men,  there  was  one  death  from  jaundice,  or  at  the  rate 
of  10-6  per  1000. 

In  1862  there  were  88  men  on  the  island  ;  one  man  was  drowned ;  there 
was  no  death  from  disease.    No  case  of  jaundice  was  admitted. 

In  1863  there  were  55  men,  and  one  death  from  accident ;  there  were  64 
admissions,  of  which  15  were  accidents. 

The  total  death-rate  among  the  white  troops  in  the  West  Indian  Command 
was,  in  1880,  8*68  per  1000,  of  which  5*79  only  were  due  to  disease;  invalids 
sent  home,  42-43  per  1000,  of  whom  12-54  were  finally  discharged. 


British  Guiana  (252,000  inhabitants  in  1881). 

No  white  troops  are  at  present  stationed  at  Demerara. 

This  station  in  the  West  Indian  Command  is  on  the  mainland,  extending 
from  the  equator  (nearly)  to  10°  N.,  200  to  300  miles,  and  inland  to  an  un- 
certain distance. 

It  is  a  flat  alluvial  soil  of  clay  and  sand,  covered  with  vegetation. 

The  water  of  Georgetown  is  not  good  ;  it  is  drawn  from  a  fresh  water  lake 
and  an  Artesian  well;  the  water  from  this  well  contains  a  good  deal  of 
iron. 

Trade  Avinds  from  N.E.  and  E.  for  nine  months.  In  July,  August,  and 
September,  S.E.  and  S.  and  land-winds.    This  is  the  unhealthy  season. 

Two  wet  seasons,  January  and  June ;  the  last  is  the  longest. 

Temperature  of  summer,  86° ;  of  winter,  82°.    Eain  about  100  inches. 

Formerly  there  was  an  enormous  mortality  among  the  troops  from  yellow 
fever  and  scorbutic  dysentery.  The  men  used  to  have  salt  meat  five  times  a 
week. 

The  climate  is  most  highly  malarious,  but  this  does  not  cause  much 

mortality.  .  ,^QCi^\^\ 

Yellow  fever  has  prevailed  here  several  times.    On  one  occasion  (18bl)  the 
troops  were  moved  out  and  encamped  at  some  distance  from  Georgetown ; 
they  escaped  (7  mild  cases  only),  although  they  were  on  a  swampy  plain. 
In  1817-36,  the  average  deaths  were  74  per  1000  of  strength. 
In  1859,  out  of  a  mean  strength  of  143,  there  were  156  admissions  =  1091 
per  1000  ofstrength;  2  deaths  =  13-9  per  1000  of  strength.  Onedeathfrom 
apoplexy,  one  from  drowning.    The  deaths  from  disease  were  only  6;9  per  ^ 
1000.    Of  the  156  admissions,  no  less  than  81  were  from  malarious  disease, 
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or  at  the  rate  of  519  per  1000  of  strength,  or  nearly  one-half  the  total 
admissions. 

In  1860,  1861,  and  1862,  the  admissions  from  malarious  disease  continued 
high  (673,  1380,  and  1104  per  1000  of  strength),  the  mortality  was  very 
small,  being  only  6-6  per  1000  in  each  year ;  in  fact,  the  single  death  in  1860 
and  in  1861  was  in  the  one  year  from  *'  acute  hepatitis,"  and  in  the  other  from 
accident.  In  1862,  in  spite  of  the  immense  malarious  disease,  there  was  no 
death. 

Subsequently  to  1861  it  appears  that  scattered  cases  of  yellow  fever 
occurred  among  the  shipping,  and  in  the  town  every  year ;  in  1866  there  was 
an  outbreak  rtmong  the  white  troops.  In  eight  weeks  16  deaths  occurred 
among  72  men,  or  22  per  cent.i 

Some  important  lessons  are  drawn  from  the  medical  history  of  this  station. 
It  has  been  shown  that  even  in  a  highly  malarious  country  yellow  fever  may 
be  evaded  by  change  of  ground,  although  the  men  are  obliged  to  encamp  on 
a  swamp.  Another  remarkable  point  is  the  very  small  mortahty  attending  the 
paroxysmal  fevers.  It  would  be  very  interesting  to  know  the  future  history 
of  such  men,  but  it  cannot  be  doubted  that  the  lessened  mortality  since  former 
years  must  be  owing  to  better  treatment. 

The  extent  of  malarious  disease  shows  how  desirable  it  is  to  avoid  send- 
ing white  troops  to  Demerara. 

In  French  Guiana,  Dr.  Laure,  besides  malarious  fevers,  describes  typhoid 
fever  to  have  occurred  for  some  short  time  after  the  arrival  of  French  poli- 
tical iDrisoners  after  the  coup  d'etat  of  1851.    It  then  disappeared. 

Bahamas  and  Honduras. 
The  black  troops  garrison  both  those  places,  and  show  a  degree  of  mortality 
nearly  the  same  as  m  the  other  stations,  the  amount  of  phthisis  being  very- 
great.  _  In  1862,  at  the  Bahamas,  there  were  no  less  than  4  deaths^  from 
phthisis  out  of  a  strength  of  439,  or  at  the  rate  of  9-1  per  1000  of  strength- 
«?Q  rT!^^''°  ^  pneumonia  and  1  from  pleurisy.    In  the  years 

1859-66  the  average  deaths  from  tubercular  diseases  per  1000  men,  were 
lf04  yearly,  and  from  other  diseases  of  the  lungs,  5-86;  out  of  100  deaths,  60 
were  from  diseases  of  the  lungs.    This  is  evidently  a  matter  for  careful  inquiry. 

in  T«^Q°««  '  ^?nT  the  black  troops,  the  deaths  from  tubercular  disease, 
in  1859-66,  were  4-04  per  1007  of  strength. 

SECTION  III. 
BERMUDA. 

13,m^  ^^^^""^^  ^^''''^  ^^^^  ^^^^^  population  (in  1881), 

CUmate.~Rot,  equable,  and  rather  limited. 

clean  by  flushing  ;  they  were,  however  in  a  vPrv  fnn  were  intended  to  be  kept 

and  the  evidence  of  Snrgeon  MafoTXtton  ,  ''"f  ^^':^^'erely  open  cesspools  ; 

good  system  of  dry  removal  is  JEe  proper  ifaTTor  t^his  c^o  ^"Itl  '  thoroughly 

unsanitary  conditions  gave  its  local  developUut  trtKvei&^^  this  and  the  other 

the  colony,  but  they  are  precisely  the  samnoiyt^nn.  JS\  '"l  ^  "'^"^^  °f  doubt  in 
West  Indian  outbreaks,-a  foul  soi    aiT  in  ar  M  fn.  ^^^^         '°  frequently  seen  in 

heat  of  a  tropical  sun,  and  to  V^S^'CL^^^^^^^  aCsXT n  *° 

occa.sion  the  troops  were  not  removed  from  the  Lracts  mTtiUoo^^^^^^^^^  ' 
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Tfwpera^wm— Mean  of  year,  74°;  hottest  month  (July),  83° -5  ;  coldest 
month  (February),  64-5;  amplitude  of  yearly  lluctuatioii,  19°.  Relative 
humidity  about  74  per  cent. 

The  sanitary  condition  was  formerly  very  bad ;  there  were  no  sewers,  and 
no  efl&cient  dry  method  of  removal.  Now  matters  are  much  improved,  and  in 
1875  the  health  of  the  trooj^s  was  reported  excellent.    Eain  water  is  used  for 


drinking. 


Diseases  of  the  Troops. 


Years. 

Loss  of  Strength  per  1000  per  annum. 

Loss  of  Service  per  1000  per  annum. 

Total 
Deaths. 

Deaths  from 
Disease. 

Invaliding. 

Admissions. 

Mean  Daily 
Sick. 

Days  in 
Hospital  to 
each  Sick 
Man. 

1817-36, 

28-8 

768 

1837-46, 

35-5 

1080 

1861-70  (10  years), 

26-02 

20-6 

764-3 

39-54 

.15  ' 

1864  (highest ;  yel-  ) 
low  fever  year),  ) 

169-54 

168-83 

1860  (lowest), 

8-55 

5-70 

1865-74  (10  years), 

15-04 

21-92 

716-5 

35-39 

18-27 

1870-79  (10  years). 

8-96 

20-45 

637-1 

32-62 

18-69 

1880,  . 

9-62 

8-61 

29-89 

696-0 

40-15 

21-11 

This  history  of  the  West  Indies  may  be  applied  to  Bermuda,  though,  with 
the  exception  of  yellow  fever  years,  it  never  showed  the  great  mortality  of 
the  West  Indies.  There  is  no  great  amount  of  paroxysmal  fevers ;  in  ten 
years  (1837-46)  there  were  only  29  admissions  out  of  an  aggregate  strength 
of  11,224  men.  In  ten  years  (1 870-79)  there  were  only  15  admissions  out  of 
18,974,  or  at  the  rate  of  0-8  per  1000. 

Yellow  fever  has  prevailed  seven  times  in  this  country — viz.,  in  1819, 
1837,  1843,  1847,  1853,  1856,  and  1864. 

The  history  of  the  yellow  fever  in  1864  is  given  in  detail  by  Dr  Barrow.^ 

The  total  mortality  was  14  officers,  173  men,  5  women,  and  4  children. 
The  deaths  to  strength  were,  among  the  officers,  189,  and  among  the  men, 
149  per  1000.  The  officers'  mortality  was  owing  to  a  large  number  of  deaths 
among  the  medical  officers. 

The  town  of  St.  George's,  in  Bermuda,  presents  every  local  condition  for 
the  spread  of  yellow  fever;  the  town  is  quite  unsewered;  badly  supplied 
with  water ;  badly  built. 

"  Dandy  fever,"  or  break-bone  (Dengue),  has  prevailed  several  times. 

"Continued  fevers"  (no  doubt  in  part  typhoid)  have  always  prevailed 
more  or  less  at  Bermuda.  In  the  ten  years  (1837-46)  they  gave  1004 
admissions  out  of  11,224  men,  or  88  per  1000  of  strength,  being  much 
rrreater  than  at  home.  In  ten  years  (1870-79)  there  were  884  admissions  out 
of  18,974,  or  47  per  1000 ;  in  1880  the  ratio  was  42-6. 

In  1859  there  were  only  11  cases  of  "continued  fever"  out  of  10^4  men  ; 
but  in  1860  "  continued  fever"  prevailed  severely  (209  cases  m  10o2  men). 
It  was  of  a  mild  type,  and  caused  little  mortality.  It  was  probably  not 
tvphoid,  but  its  nature  has  not  been  definitely  determined.  It  prevailed  in 
September,  October,  and  November.  It  is  said  that  the  dramage  was 
defective  at  Hamilton.  .  , 

In  1866  there  was  decided  typhoid  fever,  and  a  considerable  mortality.  Jn 


1  Aninj  Medical  Reiiort,  vol.  v.  p.  290. 
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1875  there  were  5  admissions  recorded  and  1  death  in  1902  men.  In  1880, 
27  admissions  and  6  deaths. 

Formerly  tuberculous  diseases  caused  a  considerable  mortality.  In  the  years 
1817-36,  diseases  of  the  lungs  gave  a  mortality  of  no  less  than  8-7  per  1000 
of  strength.  In  1837-46,  the  lung  diseases  gave  a  yearly  mortality  of  8*3 
per  1000  of  strength.  Of  late  years  the  amount  has  decreased.  The 
admissions  and  deaths  respectively  were  10-5  and  2 '6  in  the  seven  years 
(1859-65).  In  1870  the  deaths  from  phthisis  were  1-57,  and  in  1871  no  less 
than  5*19  per  1000  of  strength ;  in  1875  they  were  1-58. 

Diarrhoea  and  dysentery  were  also  formerly  very  common,  but  of  late  years 
there  has  been  a  great  decrease.    Diseases  of  the  eyes  are  common. 

There  has  always  been  much  intemperance,  and  a  large  number  of  deaths 
from  delirium  tremens.  This  was  the  case  even  in  1866;  there  were  no  less 
than  5  deaths  out  of  a  total  of  28. 

Venereal  diseases  have  averaged  from  55  to  80  per  1000  of  strength. 

In  considering  the  sanitary  measures  to  be  adopted  at  Bermuda,  it  would 
seem  that  drainage  and  ventilation  are  still  most  defective,  and  that  means 
should  be  taken  to  check  intemperance.  If  yellow  fever  occurs,  the  measures 
should  be  the  same  as  in  the  West  Indies. 


SECTION  IV. 
NORTH  AMERICAN  STATIONS. 

Sub-Sectiojt  I. — Canada.i 

The-  usual  garrison  used  to  be  from  3000  in  profound  peace,  to  10,000  or 
12,000  in  disturbed  times.  In  1871  the  troops  were  withdrawn  from  Canada 
and  concentrated  at  Halifax. 

Lower  Canada. 
Chief  Stations — 1.  Quebec  (62,446  inliaUtants). 

Temperature.— Hqvltv  of  year,  41°;  hottest  month  (July),  7r-3;  coldest 
(January),  IT.    Annual  fluctuation,  60° -3. 

The  undulations  of  temperature  are  enormous.  In  the  winter,  sometimes, 
there  is  a  range  of  30,  40,  and  even  more  degrees  in  twenty-four  hours, 
from  the  alternation  of  northerly  and  southerly  winds.  In  one  case  the 
thermometer  fell  70°  in  twelve  hours.    The  mercury  is  sometimes  frozen. 

The  mean  temperature  of  the  three  summer  months  is  69°;  winter  months, 
12° -8.    The  climate  is  "extreme"  and  variable. 

i?am.— About  36  to  40  inches.  The  air  is  dry  in  the  summer,  and  again 
in  the  depth  of  winter. 

Barraclcs.— Exult  on  Lower  Silurian  rocks.  No  ague  is  known,  though  the 
lower  town  is  damp. 

Amount  of  cubic  space  small.  Casemates  in  citadel  very  bad,  damp,  ill 
ventilated,  ill  lighted. 

2.  Montreal  (140,862  inliaUta.nts). 

Temperature.— Mem  of  year,  44°6  ;  hottest  month  (July),  73° -1 ;  coldest 
(January),  14°-5.  Annual  fluctuation,  58°-6.  The  undulations  are  very  crreat 
though  not  so  great  as  at  Quebec.  ^  ' 


^r^VrrSo'/r?^^^^^  stations,  >ee  Sir  W.  Muir's  Report  in  the 


644 


FOREIGN  SERVICE. 


Mean  of  the  three  summer  months,  70° -8;  of  the  three  winter  months 

Rain.~2,Q  to  44  inches. 

Barracks. — Bad  ;  very  much  overcrowded. 

In  Lower  Canada  are  also  many  smaller  stations. 

Upper  Canada, 

Chief  Stations— \.  Toronto  (86,455  inhalitants). 

Temperature -M^^^^  hottest  month  (July),  66°-8;  coldest 

(February),  23  -1.    Difference,  43°-7.    Great  undulations. 
Rain. — 31 '5  inches. 

The  town  stands  on  ground  originally  marshy.    The  new  barracks  are  built 
on  hmestone  rocks  of  Silurian  age.     Average  cubic  space  only  350 
Drainage  bad. 

Intermittent  fevers  among  the  civil  population;  not  very  prevalent  amontr 
the  troops.  ° 

2.  Kingston  (14,093  inhahitants). 

Temperature. — Mean  of  year,  45° -8. 
Malarious. 

London,  Hamilton,  and  several  smaller  stations— Fort  George,  Amherstberg, 
&c. — were  also  occuj)ied  at  one  time.  ° 

Diseases  of  the  Civil  Inhalitants. 

Formerly  ague  was  prevalent  in  Upper  Canada,  especially  in  Kingston;  i 
is  now  much  less.  At  Montreal  ague  used  to  be  seen;  now  is  much  le- 
frequent.    It  prevails  from  May  to  October,  and  is  worst  in  August. 

If  the  summer  isothermal  of  65°  be  the  northern  limit  of  malaria,  hot 
Quebec  and  Montreal  are  within  the  limit;  yet  the  winter  is  too  severe,  an 
the  period  of  hot  weather  too  short,  to  cause  much  development  of  malaria. 

The  climate  is  in  both  provinces  very  healthy,  and  has  been  so  from  th 
earliest  records,  though,  when  the  country  was  first  settled,  there  was  muc' 
scurvy. 

Typhoid  is  sometimes  seen.    Typhus  has  been  often  carried  in  emigran 
ships,  but  has  not  spread,  or  at  least  has  soon  died  out.    Cholera  has  pr 
vailed.    Yellow  fever  dies  out.    Consumption  is  decidedly  infrequent. 

Acute  pulmonary  diseases  used  to  be  considered  the  prevalent  complain^ 
but  it  is  doubtful  whether  they  are  much  more  common  than  elsewhere. 

Diseases  of  the  Troops. 

Years  1817-36  (20  years).— Admissions  per  1000  of  strength  =  1097 
deaths  16'1  (without  violent  deaths). 

Years  1867-46  (10  years). — Yearly  admissions  per  1000  of  strength,  982 
average  daily  sick  j^er  1000  of  strength,  39 '1 ;  mortality  (violent  deat 
excluded),  13;  mortality  with  violent  deaths,  17*42. 

The  mortality  was  made  up  in  part  of — fever,  2-13;  lung  disease,  7*44 
stomach  and  bowels  disease,  1*11 ;  brain,  disease,  1*28.   i^early  two-thirds 
the  fevers  are  returned  as  "common  continued,"  j)robably  typhoid. 

Venereal  admissions,  117  per  1000. 

Erysipelas  was  epidemic  at  Quebec,  Montreal,  and  Toronto  in  1841  ;  at 
Montreal  in  1842,  from  bad  sanitary  conditions. 
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The  follomng  table  shows  the  mean  of  the  later  years  : — 


Loss  of  Strength  per  1000. 

Loss  of  Service  per  1000. 

^  CHI'S. 

By  total 
Deaths. 

By  Deaths 

from 
Disease. 

By 

Invaliding. 

Admis- 
sions. 

Mean  Daily 
Sick. 

Days  in 
Hospital 
to  each 
Sick  Man, 

1861-70  (10  years), 
1871,     .       .       .  • 

9-01 
9-55 

5-87 

15-9 
17-6 

646-9 
679-8 

30-36 
33-15 

17-U 
17-8 

Influence  of  Age  on  Mortality. 


Years. 

Under  20. 

20-24. 

25-29. 

30-34. 

35-39, 

40  and  over. 

1861-70  (10  years), 

3-47 

6-01 

9-80 

11-13 

17-66 

20-23 

These  numbers  show,  what  indeed  is  apparent  in  all  the  records,  that 
Canada  is  a  very  healthy  station. 

The  amount  of  phthisis  was  always  smaller  than  on  home  service,  and 
regiments  of  the  Guards  proceeding  from  London  to  Canada  had  on  two 
occasions  a  marked  diminution  in  phthisical  disease. 

In  this  respect,  also,  Canada  contrasted  formerly  with  the  West  Indies,  but 
of  late  years  the  decline  of  phthisis  in  the  West  Indies  has  lessened  the 
superiority  of  Canada. 

The  comparatively  small  amount  of  phthisis  was  remarkable,  as  the  troops 
were  at  times  very  much  crowded  in  barracks.  Latterly  they  had  the  home 
allowance  of  space  (600  cubic  feet). 

In  the  later  years  phthisis  declined  considerably  Avith  improved  barrack 
accommodation. 

In  the  20  years,  1817-36,  the  annual  admissions  were  6*5,  and  the  deaths 
4-22,  per  1000  of  strength. 

In  the  years  1859-65  the  admissions  from  the  whole  tubercular  class  were 
8-3,  and  the  deaths  were  1-67,  per  1000  of  strength. ^  It  is  curious  to  ob- 
serve that  this  diminution  was  coincident  with  a  similar  change  at  home.^ 
The  acute  lung  affections,  pneumonia,  and  acute  bronchitis,  appear  formerly 
to  have  been  rather  more  prevalent  in  Canada,  than  they  were  in  later  years. 

The  following  table  gives  the  mean  and  extremes  for  8  years  (1859-66)  : — 

Per  1000  of  Strength. 


Admissions.  Deaths. 

Pneumonia — Mean,       .  .  ,  12-24  -8576 

Highest,    .  .  ,  15-33  1-996 

Lowest,     .  .  ,  7-91  -411 

Acute  bronchitis — Mean,  .  .  42-67  -309 

.  Highest,  ,  .  49-79  '719 

Lowest,  .  .  28-48  -092 


Average  of  the  mean  of  both,  .       27*45  -5833 


'  Still  the  lung  complaints  were  higher  than  they  ought  to  have  heen.  Sir  William  Muir 
{Army  Med.  Report,  vol.  viii.  p.  56),  after  detailing  the  measures  taken  by  him  to  improve  the 
barrack  accommodation,  .says,  "I  cannot  help  thinking  that  the  large  number  of  men  treated 
and  invalided  for  chest  disease,  during  the  five  years  I  have  been  on  this  command,  bears  a  close 
relationship  to  this  impure  state  of  barrack  air." 

2  In  contrasting  the  consumptive  invalidity  at  Gibraltar,  Bermnda,  and  Canada,  the  Re- 
porters of  1839  (ylrmy  Med.  Rejjort),  remark  that  the  returns  "  afford  another  interesting 
proof  how  little  the  tendency  to  consumption  is  increased  either  by  intensity  of  cold  or  sud- 
den atmospherical  vicissitudes."  See  also  the  remarks  on  Plitliisis  in  India  at  a  subsequent 
page. 
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If  this  table  is  compared  with  the  similarly  constructed  table  (at  page  GUV 
showing  the  prevalence  of  these  diseases  at  home,  it  appears  that  both  pneu- 
monia and  acute  bronchitis  were  rather  more  fatal  in  Canada.  Lotli  together 
gave  a  mortality  of  -868  per  1000  at  home,  and  M6G  per  1000  in  Canada. 
The^  admissions  from  pneumonia  were  also  higher,  but  those  from  acute  bron- 
chitis were  one-third  less  than  at  home,  showing  that  the  common  catarrhal 
affections  were  less  frequent  in  Canada.  On  the  whole,  however,  the  influence 
of  the  severe  climate  and  the  exposure  on  guard  in  Canada  produced  less 
effect  than  might  have  been  anticipated. 

"  Continued  fevers  "  (probably  enteric)  almost  yearly  gave  some  mortality  ; 
the  mean  being  about  '6  per  1000  of  strength.  This  was  actually  more  than 
on  home  service,  and  depended  probably  on  the  difficulties  connected  with 
drainage.  A  good  dry  system  is  the  only  plan  which  can  be  depended  on  in 
Canada. 

The  great  healthiness  of  Canada  in  part  probably  depends  on  the  fact,  that 
the  extreme  cold  in  winter  lessens  or  prevents  decomposition  of  animal  matter 
and  the  giving  off  of  effluvia ;  hence,  in  spite  of  bad  drainage  and  deficient 
water,  there  is  no  very  great  amount  of  fever.  In  the  hot  summer,  the  life  i& 
an  open-air  one.  Even  in  winter  the  dry  cold  permits  a  good  deal  of  exercise 
to  be  taken. 

The  amount  of  drunkenness  and  delirium  tremens  in  Canada  used  to  b 
great.  In  1863  no  less  than  9  out  of  96  deaths,  or  nearly  one-tenth,  wer 
caused  by  deluium  tremens.  Violent  deaths  also  are  usually  large,  drownin 
giving  the  largest  proportion. 

The  sickness  and  mortality  of  Nova  Scotia  and  Newfoundland  are  almos 
identical  with  Canada,  and  they  are  now  included  in  the  returns  under  the  on 
head  of  Dominion  of  Canada."  Both  stations  have  always  been  considere 
very  healthy.  There  is  some  typhoid  fever  at  Halifax,  and  at  both  place 
there  was  formerly  much  drinking,  but  that  is  now  less.  In  British  Columbi 
where  there  is  a  small  garrison  of  100  to  150,  the  health  is  also  extremel 
good. 

SECTION  V. 


AFRICAN  STATIONS. 

Sub-Section  I. — St.  Helena, 

Garrison,  200.    In  1880  only  194.    Civil  population  (in  1881),  5059. 

Until  comparatively  recently  this  small  island  was  garrisoned  by  a  loc' 
corps  (St.  Helena  Eegiment),  which  has  now  been  disbanded. 

The  island  has  always  been  healthy ;  seated  in  the  trade-winds,  there  is 
tolerably  constant  breeze  from  south-east.  The  average  mortality  in  the  ye 
1859-66  was  9-75,  or  without  violent  deaths,  7-85.  In  1867  the  mortalit 
from  disease  was  only  5-24.  In  1875  almost  the  same,  viz.,  5-41.  There " 
very  little  malarious  disease  (about  50  to  60  admissions  per  1000  of  strength) 
but  there  has  frequently  been  a  good  many  cases  of  "  continued  fever,"  an 
dysentery  and  diarrhoea  are  usual  diseases.  Formerly  there  appears  to  hav 
been  much  phthisis,  but  this  is  now  much  less,  giving  another  instance  of  th 
decline  of  this  disease,  as  in  so  many  other  stations. 

In  the  years  1837-46,  the  admissions  from  tubercular  diseases  averaged  2 
per  1000  per  annum,  and  the  deaths  5-45.  In  the  years  1859-66  the  admi 
sions  from  tubercular  diseases  were  6-6  ;  and  the  deaths  1-66  per  1000.  I 
1867  there  were  no  admissions.  The  health  of  the  troops  would  have  bee 
even  better  if  the  causes  of  the  continued  fever  and  dysentery  could  have  bcei 
discovered  and  removed,  and  if  the  amount  of  drunkenness  had  been  less 
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The  returns  from  St.  Helena  are  now  combined  witli  tliose  from  the  Cape  of 
Good  Hope. 

Sub-Section  II,— West  Coast  op  Aprica.i 

The  principal  stations  are  Sierra  Leone  and  Cape-Coast  Castle. 

The  station  of  Gambia  has  now  been  given  up,  and  troops  are  no  longer 
stationed  regularly  at  Lagos  (500  miles  from  Cape-Coast  Castle,  and  occupied 
in  1861).  In  1875  Sierra  Leone,  Cape-Coast,  and  Accra  were  occupied,  and 
Elmina  for  a  short  time,  and  since  then  the  two  first  stations  have  been  alone 
garrisoned.  No  white  troops  are  employed,  except  dming  war-time,  as  in  the 
Ashanti  campaign  of  1873. 

Sierra  Leone. 

Strength  of  garrison,  300  to  500  black  troops,  Avith  a  few  European  officers 
and  non-commissioned  officers.  Civil  population  (in  1872),  37,089.  Hot 
season  from  May  to  the  middle  of  jSTovember  ;  Harmattan  wind  in  December ; 
soil,  red  sandstone  and  clay,  very  ferruginous.  There  are  extensive  mangrove 
swamps  to  IST.  and  S.  Water  very  pure.  The  spring  in  the  barrack  square 
contains  only  3  to  4  grains  per  gallon  of  solids. 

This  station  had  formerly  the  reputation  of  the  most  unhealthy  station  of 
the  army.    JSTor  was  this  undeserved. 

From  1817  to  1837  (twenty  years)  there  were  yearly  among  the  troops — 

Admissions,       .       .       .       2978  per  1000. 
Deaths,     ....         483  „ 
At  the  same  time,  about  17  per  cent,  of  the  whole  white  population,  died 
annually.  * 

The  chief  diseases  were  malarious  fevers,  which  caused  much  sickness,  but 
no  great  mortality ;  and  yellow  fever,  which  caused  an  immense  mortality. 
Dysentery,  chiefly  scorbutic,  was  also  very  fatal. 

The  causes  of  this  great  mortality  were  simple  enough.  The  station  was 
looked  upon  as  a  place  of  punishment,  and  disorderly  men,  men  sentenced 
for  crimes,  or  whom  it  was  wished  to  get  rid  of,  were  draughted  to  Sierra 
Leone.  They  were  there  very  much  overcrowded  in  barracks,  which  were 
placed  in  the  lower  part  of  the  town.  They  were  fed  largely  on  salt  meat ; 
and  being  for  the  most  part  men  of  desperate  character,  and  without  hope, 
they  were  highly  intemperate,  and  lecl,iii  all  ways,  lives  of  the  utmost  disorder. 
They  considered  themselves,  in  fact,  under  sentence  of  death,  and  did  their 
best  to  rapidly  carry  out  the  sentence. 

Eventually,  all  the  white  troops  were  removed,  and  the  place  has  since 
been  garrisoned  by  one  of  the  West  Indian  regiments.  Of  late  years,  the  total 
white  population  of  Sierra  Leone  (civil  and  military)  has  not  been  more  than 
from  100  to  200  persons. 

The  great  sickness  and  mortality  being  attributable,  as  in  so  many  other 
cases,  chiefly  to  local  causes  and  individual  faults,  of  late  years  Europeans 
liave  been  comparatively  healthy ;  although  from  time  to  time  fatal  epidemics 
of  yellow  fever  occur.  They  are,  however,  less  frequent  and  less  fatal  than 
formerly.  The  position  of  the  barracks  has  been  altered,  and  the  food  is 
much  better.  One  measure  which  is  supposed  to  have  improved  the  health  of 
the  place,  is  allowing  a  species  of  grass  (Bahama  grass)  to  grow  in  the  streets. 
The  occupiers  of  the  adjacent  houses  are  obliged  to  keep  it  cut  short,  and  in 
good  order. 


1  For  a  very  good  account  of  the  topography  of  the  Gold  Coast,  see  Dr.  R.  Clarke's  paper  in 
the  Transactions  Epid.  Society,  vol.  i.  ^  ^ 
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nm^Z  I  f      T'^  1^63-66,  there  died  8  white  non-commissioned 

omcers,  in  the  whole  command  of  the  West  Coast,  out  of  an  average  strenrrtli 
ot  25  ov  at  an  annual  rate  of  80  per  1 000  of  strength.  Three  of  the  8  deaths 
were  Irom  liver  disease,  two  from  deKrium  tremens,  two  from  fevers,  and  one 
Irom  dysentery.  In  18G7  two  sergeants  died,  out  of  15  white  men-one  from 
apoplexy,  one  from  delirium  tremens. 

Among  the  black  troops  serving  in  Sierra  Leone  and  the  Gold  Coast,  the 
returns  of  the  ten  years  (1861-70)  give  1283  admissions  and  22-49  deaths  per 

-n'J  \^^^  ^''''^'^^  "^^'^  ^^'^^  P^^  l^^O  disease.  In  ten  years 
(ib70-  /  9)  the  admissions  were  1640-5  and  the  deaths  25-07  per  1000.  1873 
was  the  year  of  the  last  Ashanti  war.  In  1880  the  admissions  were  1565-7 
and  the  deaths  22 -47,  of  which  20-86  were  from  disease.  These  numbers  are 
tor  the  whole  West  African  command.  Among  the  causes  of  death,  tubercular 
diseases  hold  the  first  place,  amounting  to  7-05  per  1000  of  strenf^th.  In 
1862  phthisis  amounted  to  no  less  than  12-6  per  1000  of  strength,  and  con- 
stituted 43-7  per  cent,  of  all  deaths  from  disease.  There  Avere  also  9-46  per 
1000  of  strength  deaths  from  pneumonia.  In  1863  the  deaths  from  phthisis 
were  9-3  per  1000  of  strength,  and  made  up  36-3  per  cent,  of  the  total  deaths. 
In  1867  the  tubercular  deaths  per  1000  of  strength  were  17-71  in  Sierra 
Leone,  15-87  at  the  Gambia,  and  12-58  at  the  Gold  Coast  and  Lagos  together. 
In  1880  the  total  rate  for  the  command  was  11-23  per  1000.  It  seems  clear, 
indeed,  that  in  all  the  stations  of  the  West  India  corps  (black  troops),  the 
amount  of  phthisis  is  great;  in  fact,  the  state  of  health  generally  of  these 
regiments  requires  looking  into,  as  in  the  West  Indies. 

In  1862  there  were  only  five  cases  of  intermittent,  and  eighteen  of  remittent 
fever  among  317  negro^.    In  1880  the  number  was  404  out  of  623. 

In  1861  some  of  the  troops  from  Sierra  Leone  and  the  Gambia  were  em- 
ployed up  the  Gambia  against  the  Mandingoes,  and  also  against  the  chiefs  of 
Quiat.  In  1863  and  1864,  and  again  in  1873,  Ashanti  wars  prevailed.  All 
these  wars  added  to  the  sickness  and  mortality,  so  that  these  years  are  not  fair 
examples  of  the  influence  of  the  climate. 

Gambia. 

ISTo  troops  have  been  quartered  here  of  late  years,  and  it  has  been  in  con- 
templation to  abandon  the  station.  It  is  much  more  malarious  than  any  of 
the  others.  The  drinking  water  is  bad ;  all  barrack  and  sewage  arrangements 
are  imperfect.  Yellow  fever  from  time  to  time  is  very  destructive.  In  1859 
two  out  of  four  European  sergeants,  and  in  1 860  three  medical  olficers,  died 
of  yellow  fever.  Among  the  black  troops  in  1859-65,  the  admissions  were 
1169-8  and  the  deaths  29-97  per  1000  of  strength. 

As  at  Sierra  Leone,  phthisis  and  other  diseases  of  the  lungs  caused  a  large 
mortality  among  the  negroes.  In  1861  phthisis  gave  five  deaths  out  of  a 
strength  of  421,  or  at  the  rate  of  11-6  per  1000  strength;  and  pneumonia 
gave  four  deaths,  and  acute  bronchitis  three,  or  (together)  at  the  rate  of  16*24 
per  1000  of  strength.  Phthisis,  pneumonia,  and  bronchitis  gave  nearly  60 
per  cent,  of  all  deaths  from  disease.  This  M-as  higher  than  in  previous  years; 
but  in  1862  phthisis  gave  14-35  deaths  per  1000  of  strength,  and  constituted 
75  per  cent,  of  the  whole  number  of  deaths.  There  was,  however,  no 
pneumonia  or  bronchitis  in  that  year.  In  1856  the  tubercular  class  gave  9-53 
deaths  per  1000.  In  1863,  however,  there  were  no  deaths  from  phthisis. 
Although  the  period  of  observation  is  short,  it  can  hardly  be  doubted  that 
here,  as  elsewhere  in  the  stations  occupied  by  the  West  Indian  regiments, 
some  causes  influencing  the  ungs  prejudicially  are  everywhere  in  action.  It 
is  probably  to  be  found  in  bad  ventilation  of  the  barracks. 
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Among  the  few  white  residents  at  the  Gambia,  diarrhoea,  dysentery,  and 
•dyspepsia  appear  to  be  common.  These,  in  part,  arise  from  the  bad  water  ; 
in  part  from  dietetic  errors  (especially  excess  in  quantity),  and  want  of  exercise 
•and  attention  to  ordinary  hygienic  rules. 

Cape-Coast  Castle  {Gold  Coast). 
Garrison,  300  to  400  (black  troops). 

This  station  has  always  been  considered  the  most  healthy  of  the  three 
principal  places.  It  is  not  so  malarious  as  even  Sierra  Leone,  and  much 
less  so  than  the  Gambia,  and  has  been  much  less  frequently  attacked  witli 
yellow  fever.  Dysentery  and  dyspepsia  are  common  diseases  among  the 
white  residents.  Among  the  black  troops  the  prevalence  of  phthisis, 
pneumonia,  and  bronchitis  is  marked,  though  less  so,  perhaj)s,  than  at  the 
other  two  stations. 

One  peculiarity^of  the  station  was  the  prevalence  of  dracunculus.  This  was 
much  less  common  at  Sierra  Leone,  and  at  the  Gambia.  It  appears  to  have 
lessened  considerably  in  later  years,  but  there  is  no  definite  information  now 
to  be  obtained  from  the  A.M.D.  Eeports. 

Hygiene  on  the  West  Coast. 

There  is  no  doubt  that  attention  to  hygienic  rules  will  do  much  to  lessen 
the  sickness  and  mortality  of  this  dreaded  climate.  In  fact,  here  as  elsewhere, 
men  have  been  contented  to  lay  their  own  misdeeds  on  the  climate.  Malaria 
has,  of  course,  to  be  met  by  the  constant  use  of  quinine  during  the  whole 
period  of  service.  The  other  rules  are  summed  up  in  the  following 
quotation  from  Dr.  Eobert  Clarke's  paper,i  and  when  we  reflect  that  this 
■extract  expresses  the  opinion  of  a  most  competent  judge  on  the  efl'ect  of 
chmate,  we  must  allow  that,  not  only  for  the  West  Coast,  but  for  the  West 
Indies,  and  for  India,  Dr.  Clarke's  opinions  on  the  exaggeration  of  the  efi'ect 
of  the  sun's  rays  and  exposure  to  night  air,  and  his  statement  of  the  necessity 
of  exercise,  are  full  of  instruction  : — 

_  "Good  health  may  generally  be  enjoyed  by  judicious  attention  to  a  few 
: simple  rules.  In  the  foremost  rank  should  be  put  temperance,  with  regular 
and  industrious  habits.  European  residents  on  the  Gold  Coast  are  too  often 
satisfied  with  M^earing  apparel  suited  to  the  climate,  overlooking  the  fact  that 
•exercise  in  the  open  air  is  just  as  necessary  to  preserve  health  there  as  it  is  in 
Europe.  Many  of  them  likewise  entertain  an  impression  that  the  sun's  rays 
are  hurtful,  whereas  in  nine  cases  of  ten  the  mischief  is  done,  not  by  the 

•  sun's  rays,  but  by  habits  of  personal  economy.  Eeeling  sadly  the  wearisome 
sameness  of _  life  on  this  part  of  the  coast,  recourse  is  too  frequently  had  to 
stimulants,  instead  of  resorting  to  inexhausting  employments,  the  only  safe 
and  effectual  remedy  against  an  evil  fraught  with  such  lamentable  con- 
sequences. Europeans  also  bestow  too  little  attention  on  ventilation,  far  more 
harm  being  done  by  close  and  impure  air  during  the  night  than  is  ever 
brought  about  by  exposure  to  the  night  air. 

"Much  of  the  suffering  is  occasioned  by  over-feeding. "2 

—  __™  _  

I  Trans,  of  the  Epidem.  Soc,  vol.  i.  pp.  123,  124. 

*  o^l^'"!.^'^®  interest  in  this  part  of  the  work  was  roused  by  the  occun-ence  of  the  Ashanti 
war  ot  lb73,  lor  an  admirable  account  of  which  see  the  Arviy  Medical  Reports,  vol.  xv  where 
^ir  Anthony  D.  Home  gives  a  full  medical  history  of  the  operations  carried  on.  The  excellent 
Hygiemc  arrangements  enabled  the  arduous  work  of  the  expedition  to  be  accomplished  with  n 
comparatively  small  loss.  But  the  few  casualties  in  action  compared  with  tlie  deaths  Vv 
Uisease  .show  by  contrast  how  much  more  deadly  were  the  forces  of  nature  than  those  of 

•  enemy.   26  officers  died,  of  whom  only  five  were  killed  or  died  of  wounds  "l3  m  Jn  we5  killed 
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Sub-Section  III— Cape  op  Good  Hope. 

Garrison,  about  3000  men. 

The  chief  stations  are  Cape  Town  (about  45,000  inhabitants),  Graham' 
iown,  Kmg  William's  Town,  Port  Elizabeth,  Algoa  Bay,  and  several  sma 
trontier  stations.    At  Natal  there  is  also  a  small  force.    The  climate  i' 
almost  everywhere  good;  the  temperature  is  neither  extreme  nor  ver 
variable ;  the  movement  of  air  is  considerable. 

At  Cape  Town  the  mean  annual  temperature  is  67°,  with  a  mean  annua 
range  of  about  38°. 


Yeai's. 

Totul  Deaths. 

Admissions. 

Mean  Daily  .Sick. 

DayB  in 
Hospital  to 
each  Sick 
Man. 

1860-69— (10  years), 
1870-77  (8  years),! 

10-87 
9-72 

973 
906 

50-24 
43-85 

18-83 
17-88 

The  statistics  of  later  years  are  complicated  by  the  casualties  of  war 
included  killed  and  wounded  in  action  and  a  great  excess  of  fever.  Eliminat 
ing  these,  we  have  the  following  ratios  per  1000  : — 


Yeai-s. 

Total 
Admissions. 

Wounds  and 
Injuries. 

Admissions 
for  Disease 
only. 

Continued 
Fever. 

Paroxysmal 
Fever. 

Admissions 
for  Disease, 
excluding 
Fevers. 

1870-77  (8  years 

of  peace), 
1878-80  (3  years 

of  war),  . 

906 
900 

131 
103 

775 
797 

39 
159 

28 
38 

708 
600 

Deaths  per  1000  of  Strength. 


Years. 


1870-77  (8  years), 
1878-80  (3  years), 


Total. 


9-72 
50-43 


Wounds  and 
Injuries  and 
Killed  in 
Action. 


1-94 
28-98 


Disease 
only. 


Continued 
Fever. 


Paroxysmal 
Fever. 


7-78 
21-45 


0-50 
11-16 


0-  24 

1-  13 


Deaths  from 
Disease, 
excluding 
Fevers. 


7-04 
9-18 


As  regards  the  admissions,  which  in  total  number  appear  little  if  at  a' 
influenced  by  war,  it  is  clear  that  the  diminution  which  might  have  bee 
expected  in  consequence  of  sanitary  improvements  was  chiefly  arrested  b 
the  great  number  of  cases  of  continued  fever,  which  occurred  during  th 
period  of  hostilities.  In  times  of  peace  there  is  but  little  fever,  and  a  sme 
and  decreasing  mortality.  Thus,  in  1856-66,  the  death-rate  was  1-25  pe 
1000,  in  1870-77  only  0-50,— whilst  in  1878-80  it  was  no  less  than  IMG 
in  all  these  cases  the  deaths  are  almost  invariably  enteric.  Paroxysmal  fever^ 
arising  in  the  station  itself,  are  very  uncommon,  the  worst  year  in  the  perio 
1870-77  being  1874,  when  these  diseases  appeared  among  troops  from  th 
Mauritius,  where  it  had  undoubtedly  been  contracted.  During  the  period  o 
hostilities  there  was  an  increase  both  in  admissions  and  deaths  from  tha 
Although  the  net' admissions  (after  eliminating  wounds  and  injuri 


cause. 


■white  troops),  wliilst  40  died  of  di.sease  ;  of  the  West  Indian  troops  (black)  ouly  1  was  Idlle 
■whilst  41  died  of  disease.    For  analysis  of  soil  of  Gold  Coast,  see  A  rmy  Med.  Reports,  vol.  xi 
p.  264  ;  and  for  some  account  of  the  drinking  water,  see  paper  by  Dr.  J.  D.  Fleming  in  vo'« 
xiv.  and  xv. 
^  Including  the  detachment  at  St.  Helena. 
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and  fevers)  are  less  in  the  later  period  (1878-80)  than  in  tlio  earlier  (1870-77), 
as  shown  in  the  j)receding  table,  yet  the  death-rate  is  higher.  This  is  almost 
entirely  due  to  diseases  of  the  digestive  system,  mostly  dysentery  and 
diarrhoea.  These  Avere  more  common  formerly  than  they  are  now  in  ordinary 
years  ;  in  many  cases,  especially  in  the  small  frontier  stations,  they  were 
clearly  owing  to  bad  water. 

Ophthalmia  has  prevailed  rather  largely,  especially  in  some  years ;  there 
is  a  good  deal  of  dust  in  many  parts  of  the  colony,  and  it  has  been  attributed 
to  this ;  the  disease  is  probably  the  specific  ophthalmia  (grey  granulations), 
and  is  propagated  by  contagion.  Whether  it  had  its  origin  in  any  catarrhal 
condition  produced  by  the  wind  and  dust,  and  then  became  contagious,  is  one 
of  those  moot  points  which  cannot  yet  be  answered. 

The  Cape  has  always  been  noted  for  the  numerous  cases  of  muscular 
rheumatism.  Articular  rheumatism  is  not  particularly  common.  There  is 
also  much  cardiac  disease.  The  prevalence  of  this  affection  has  been 
attributed  to  the  exposure  and  rapid  marches  in  hill  districts  during  the 
Kaffir  wars.    In  1863  there  was,  however,  less  rheumatism  than  usual. 

Taking  the  years  1859-66  as  expressing  tolerably  fairly  the  effect,  per  se, 
of  the  station,  we  find  that  the  whole  colony  gave  18 -3  admissions  and  1*90' 
deaths  per  1000  of  strength  from  diseases  of  the  circulatory  organs.  In 
1869-77  the  admissions  were  13'5  and  the  deaths  147;  in  1878-80  they 
were  20"3  and  1*25  respectively. 

Dr.  Lawson^  has  contributed  a  valuable  paper  on  this  subject.  He  finds 
the  death-rate  from  diseases  of  the  organs  of  circulation  (mean  of  seven  years,. 
1859-65)  at  1-91  per  1000  of  strength.  This  is  higher  than  at  any  other 
foreign  station,  as  will  be  seen  from  the  table  copied  by  Dr.  Lawson. 


om  Diseases  of  the  Circulatory  Organs. 


Mortality  fr 

Ratio  per  1000 


of  strength. 

Cape  of  Good  Hope,  1-91 

l^ew  Zealand, 

.  1-18 

Australia,  . 

.  1-72 

Mauritius,  . 

.  -53 

St.  Helena,  . 

.  -31 

Ceylon, 

.  Ml 

Madras, 

.  1-12 

Ratio  per  1000 
of  Strengtli. 

Bombay,  .  .  -80 

Bengal,     .  .  -86 

South  China,  .  1-16 

West  Indies,  .  1  -02 

Jamaica,  .  .  -85 

Ionia,       .  .  -84 


Ratio  per  1000 
of  Strength. 

Malta,       .  .  -53 

Gibraltar,  .  .  '70 

Bermuda,  .  .1*25 

Nova  Scotia,  .  -84 

Canada,     .  .1-19 

Home,       .  .  -93 


This  table  shows  an  extreme  diversity,  hardly  to  be  reconciled  with 
differences  of  climate  or  duties.  In  the  years  1869-74  the  death-rate  was 
1-68,  and  was  exceeded  by  that  of  the  Mauritius,  2-29,  and  that  of  Madras, 
1-99.  In  1875  the  rate  at  the  Cape  was  only  1*45,  while  Ceylon  showed 
3-87,  Bermuda  2-63,  and  Madras  2-05  ;  Mauritius  returning  no  death.  In 
the  eight  years  (1870-77),  the  rate  at  the  Cape  was  1-62  :  and  in  the  years 
1878-80,  it  was  1-25. 

Scurvy  formerly  prevailed  much  at  the  Cape,  particularly  in  the  Kaffir- 
wars,  and  may  have  had  something  to  do  with  the  prevalence  of  dysentery. 

Venereal  diseases  have  of  late  years  been  very  common.  The  average 
admissions  from  "enthetic"  diseases  in  1859-66  were  248-5,  and  in  1867 
they  were  438-3  per  1000  of  strength  in  the  whole  colony.  In  Cape  Town 
alone,  where  facilities  for  promiscuous  intercourse  are  greater,  they  were  even 


1  Army  Medical  Report,  vol.  v.  p.  338. 
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more  numerous.^  Much  diminution  has  taken  place  in  recent  years.  In  the 
ten  years,  1871-80,  the  ratio  for  syphilis,  both  primary  and  secondary,  was 
only  102,  and  for  gonorrhoea  80. 

The  Cape  has  always  been  considered  a  kmd  of  sanitarium  for  India.  Its 
coolness  and  the  rapid  movement  of  the  air,  the  brightness  and  clearness  of 
the  atmosphere,  and  the  freedom  from  malaria,  probably  cause  its  salubrity. 
It  has  been  supposed  that  it  might  be  well  to  send  troops  to  the  Cape  for  two 
or  three  years  before  sending  them  on  to  India.  This  plan  has  never  been 
perfectly  tried ;  but  in  the  case  of  regiments  sent  on  hurriedly  to  India  on 
emergency  it  has  been  said  that  the  men  did  not  bear  the  Indian  climate 
well.  ^  Probably  they  were  placed  under  unfavourable  conditions,  and  the 
question  is  still  uncertain. 

As  a  convalescent  place  for  troops  who  have  been  quartered  in  a  malarious 
■district  it  is  excellent.^ 


SECTION  VT. 


MAURITIUS. 

Garrison,  about  300  to  500  men.    Civil  population  (in  1879),  359,988. 

Mauritius  in  the  eastern  has  been  often  compared  with  Jamaica  in  the 
western  seas.  The  geographical  position  as  respects  the  equator  is  not  very 
dissimilar ;  the  mean  annual  temperature  (80°  Fahr.)  is  almost  the  same ;  the 
fluctuations  and  undulations  are  more  considerable,  but  still  are  not  excessive ; 
the  humidity  of  air  is  nearly  the  same,  or  perhaps  a  little  less ;  the  rainfall 
(66  to  76  inches)  is  almost  the  same  ;  and  the  physical  formation  is  really  not 
very  dissimilar.  Yet,  with  all  these  points  of  similarity  in  climatic  conditions, 
the  diseases  are  very  different. 

Malarious  fever  was  formerly  not  nearly  so  frequent  as  in  Jamaica,  and  true 
yellow  fever  is  quite  unknown ;  Mauritius,  therefore,  has  never  shown  those 
-epochs  of  great  mortality  which  the  West  Indies  have  had.  Hepatic  diseases, 
on  the  other  hand,  which  are  so  uncommon  in  the  West  Indies,  are  very  com- 
mon in  the  Mauritius.  For  example,  in  1859  there  were  47  cases  of  acute 
and  chronic  hepatitis  in  1254  men,  while  in  Jamaica  there  was  one  case  out 
of  807  men.  In  1860  there  were  31  admissions  from  acute  hepatitis  out  of 
1886  men;  in  Jamaica,  there  was  not  a  single  case.  In  1862  there  were  12 
cases  of  acute,  11  of  chronic  hepatitis,  and  72  cases  of  hepatic  congestion,  out 
of  2049  men ;  in  Jamaica,  in  the  same  year,  there  was  only  1  case  of  acute 
hepatitis  out  of  702  men.  This  has  always  been  marked;  is  it  owing  to  an 
■error  in  diagnosis,  or  to  differences  in  diet  ?  It  can  scarcely  be  attributed  to 
any  difference  in  climate.  In  1863  the  difference  was  less  marked,  but  was 
still  evident.  In  later  years,  however,  there  has  been  considerable  diminu- 
tion: in  1872  there  were  only  4  cases  of  hepatitis,  and  in  1873  only  2.  Since 
that  year  no  detailed  statistics  have  been  published,  but  it  is  mentioned 
incidentally  that  there  were  3  cases  in  1880,  out  of  a  strength  of  353. 

In  1866-67  a  very  severe  epidemic  fever  prevailed  in  the  Mauritius,  wliich 
offers  many  points  of  interest.  As  already  noted,  the  Mauritius  has  till  lately 
been  considered  to  be  comparatively  free  from  malaria.  All  the  older  writei*s 
state  this,  and  it  is  apparent  from  all  the  statistical  returns.  Deputy  Inspector- 
General  Dr.  Francis  Eeid,  in  a  report  ^  in  1867,  mentions  that  he  had  served 
ten  years  in  the  Mauritius,  and  had  looked  over  the  records  of  the  troops  for 


1  Armi/  Med.  Depart.  Report,  vol.  viii.  p.  548. 

'■^  See  effect  on  the  59tli  Regiment  in  tlie  Army  Medical  Report  for  IboH,  p.  yj. 
'  Letter  to  the  Director- Getieral,  Feb.  1867. 


MAURITIUS. 


653 


twenty-four  years.  He  found  some  records  of  intermittents,  but  lie  traced 
all  these  to  foreign  sources,  viz.,  troops  coming  from  India,  China,  or  Ceylon, 
and  presenting  cases  of  relapses. 

For  the  first  time,  in  the  latter  months  of  1866  and  the  commencement  of 
1867,  malarious  fevers  of  undoubted  local  growth  appeared  on  the  ^yestern 
side  of  the  island. 

The  causes  of  this  development  were  traced  by  Dr.  Eeid,  and  also  by 
Surgeon-Major  Small  and  Assistant-Surgeon  W.  H.  T.  Power,  in  some  very 
careful  Keports.^  During  some  years  a  large  amount  of  forest  land  had  been 
cleared,  and  there  had  been  much  upturning  of  the  soil^;  coincidently  the  rain- 
fall lessened,  and  the  rivers  became  far  less  in  volume.  At  the  same  time, 
there  was  a  large  increase  of  population;  a  great  defilement  of  the  ground  in 
the  neighbourhood  of  villages  and  towns,  so  that  in  various  parts  of  the 
island  there  was  a  constant  drainage  down  of  filth  of  all  kinds  (vegetable  and 
animal)  into  a  loose  soil  of  slight  depth,  resting  on  impermeable  rock,  wliich 
forms  a  great  deal  of  the  western  seaboard.  In  1866-67  there  occurred  an 
unusually  hot  season,  and  again  a  deficient  rainfall.  This  seems  to  have 
brought  into  active  operation  the  conditions  which  had  been  gradually 
increasing  in  intensity  for  some  years.  The  development  of  the  malaria  was 
not  so  much  on  the  regular  marshy  ground  as  on  the  loose  contaminated  soil 
abeady  noticed. 

That  the  fever  which  in  1866-67  became  so  general  was  of  malarious  ^'pe, 
is  proved  by  a  large  amount  of  evidence  on  the  spot  from  both  military  and 
civil  practitioners,  and  from  the  fact  that  many  soldiers  returned  to  England 
and  had  at  home  relapses  of  decided  paroxysmal  fevers.  Dr.  Maclean  also 
stated  that  he  had  seldom  seen  spleens  so  enlarged  as  among  the  invalids  from 
this  fever,  who  arrived  at  Netley. 

But  in  some  respects  this  fever  presented  characters  different  from  common 
paroxysmal  fevers.  There  was  no  very  great  mortality  among  the  troops,  but 
it  was  excessively  fatal  among  the  inhabitants  of  Port  Louis  and  many  other 
towns  and  villages.  It  also  lasted  for  many  months,  and  was  attended  in 
many  cases  with  symptoms  not  common  in  ordinary  paroxysmal  fevers,  viz., 
vdth.  yellowness  of  the  skin  and  with  decided  relapses,  closely  resembling  in 
these  respects  the  common  relapsing  fever.  Mixed  up  with  it  also  was  de- 
cided typhoid  fever.  The  question  whether  the  great  bulk  of  the  epidemic 
was  a  purely  paroxysmal  or  malarious  fever,  with  an  independent  subordinate 
outbreak  of  typhoid  fever,  or  whether  it  was  a  composite  affection  like  the 
"  typho-malarial  fever "  of  the  American  war,2  or  was  mixed  up  with  the 
contagious  "  Indian  jail  fever  "  imported  by  Coolies,  is  not  a  matter  very  easy 
to  decide.  The  officers  best  qualified  to  judge  (Drs.  Eeid,  Small,  and  Power) 
looked  upon  it  as  a  purely  malarious  disease,  and  expressed  themselves  very 
strongly  on  this  point.  ^ 

This  much  seems  certain,  that  in  various  parts  of  the  island  the  loose, 
porous,  shallow  soil  had  been  gradually  becoming  more  and  more  impure  with 
vegetable  matters,  and  in  some  cases  with  animal  excreta ;  that  there  had 
been  a  gradual  diminution  of  the  subsoil  water,  and  that  this  reached  its 
maximimi  in  1866,  when  the  rains  failed,  and  the  hot  season  was  prolonged. 


J-  Annual  Report  on  the  District  Prisons  Hospitals  (iu  18(57,  Mauritius,  1868)  On  tliP 
Malarial  Epiflemic  Fever  of  the  Mauritius,  Anm/  Med.  Deixirt.  Report  vol  viii  p  442 

J  As  described  by  Woodward,  Camp  JJiseascs  of  the  United  States  Armies'  bv'  T  T 
Woodward,  M.D.,  Philadelphia,  1863,  p.  77.  '^'>  ^^rmves,  oy  j.  j. 

.  ^  The  two  latter  gentlemen  say,  op.  cit.,  p.  453— "  It  was  entirely  of  malarious  origin  and 
in  every  form,  we  might  say,  perfectly  curable  by  administration  of  quinine  in  large^doses  " 
1  hesc  observers  entirely  deny  that  it  had  any  contagious  properties 
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There  coincided,  then,  an  unusual  impurity  of  soil,  lowered  subsoil  water 
■consequeut  mcreased  access  of  air,  and  heightened  temperature.  Under  these 
conditions,  a  usually  non-malarious  soil  gave  rise  to  an  epidemic  fever,  which 
was  characterised  (chiefly  at  any  rate)  by  the  symptoms  referred  to  the 
■action  of  marsh  miasmata,  and  was  curable  by  quinine.  The  admissions' 
for  paroxysmal  fevers  alone  were,  in  1875,  585-5  per  1000,  and  in  1869-75 
{five  years)  722-3  per  1000  as  a  mean.  In  later  years  the  type  has  been 
distinctly  paroxysmal,  the  large  majority  of  cases  being  returned  as  ague. 
The  mean  admissions  per  1000  for  six  years,  1875-80,  were  970,  with  a 
maximum  of  1557  in  1879. 

In  the  Mauritius,  as  in  Jamaica,  a  "continued  fever"  is  not  uncommon- 
this  is  now  being  returned  in  part  as  typhoid.i  It  has  occasionally  been 
imported.  There  are  fevers  vaguely  named  "bilious  remittent,"  "Bombay 
fever,"  "  Coolie  fever,"  &c.  The  last  term  denotes  the  communicable  fever  so 
common  in  the  jails  in  the  Bengal  Presidency.  It  prevailed  in  the  jails  in 
the  Mauritius  in  1863  and  1864,  among  the  Hindoos.  The  "  Bombay  fever  " 
is  probably  typhoid.  Dysentery  and  diarrhoea  have  largely  prevailed,  but  are 
now  becoming  less  frequent.  In  this  respect  Jamaica  now  contrasts  very 
favourably  with  the  Mauritius;  thus,  in  1860,  there  were  altogether  213 
admissions  per  1000  of  dysentery  and  diarrhoea,  and  6-8  deaths  per  1000; 
in  Jamaica,  in  the  same  year,  there  was  not  a  single  admission  from  dysentery, 
and^nly  19  from  diarrhoea,  among  594  men,  and  no  death.  Cholera  has 
prevailed  five  times — first  in  1819;  not  afterwards  till  1854;  then  again  in 
1856,  1859,  and  1861.  (It  aj^pears  to  have  been  imported  in  all  these  cases.) 
Formerly  there  was  a  large  mortality  from  lung  diseases ;  now,  as  in  Jamaica, 
this  entry  is  much  less,  not  more  than  half  that  of  former  days.  The  deaths 
from  phthisis  per  1000  of  strength  were,  in  1860,  -521  ;  in  1861,  1-03;  in 

1862,  1-94  (but  in  this  year  11  men  were  invalided  for  phthisis);  and  in 

1863,  2;  in  1875  no  death  was  recorded.  Venereal  (enthetic)  diseases 
formerly  gave  about  110  to  130  admissions  per  1000  of  strength,  but  they 
are  now  greatly  diminished.  Ophthalmia  prevails  moderately;  to  nothing 
like  the  same  extent  as  at  the  Cape. 

In  1873  (the  last  year  of  detailed  statistics)  there  were  8  admissions  for 
diarrhoea  and  none  for  dysentery  in  Jamaica ;  in  Mauritius  there  were  29  for 
diarrhoea  and  1  6  for  dysentery  and  2  deaths,  out  of  a  strength  of  441. 


Per  1000  of  Strength. 


Loss  of  Strength. 

Loss  of  Service. 

Years. 

Deaths  (all 
Causes). 

Deaths  from 
Disease. 

Invaliding. 

Admissions. 

Mean  DaUy 
Siclv. 



Days  in 
Hospital  to 
each  Sick 
Man. 

1817-36,  . 
1861-70  (10  ) 

years),     .  ( 
1865-74  (10 

years),     .  \ 
1875-80  (6 
,     years),     .  \ 
1880,  . 

30-5 
20-17 

18-97 

17-89 
5-67 

2-83 

44-15 

48-03 
79-32 

1249 
1056-5 

1419-4 

2181-7 
2203-9 

68 

53-58 

70-36 
98-53 

20 

13-76 

11-65 
16-36 

'  Dr.  Reid  had  no  doubt  of  the  frequent  occurrence  of  typhoid  for  many  j'ears.  He  men- 
tioned an  interesting  fact,  viz.,  that  patients  witli  true  enteric  fever  were  also  affected  with  the 
malarious  epidemic  fever  ;  this  latter  was,  however,  easily  curable  by  quinine,  but  the  tyijhoia 
fever,  which  w.as  also  present,  was  quite  unaffected. 
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Garrison,  800  to  1000  white  troops;  and  about  100  gimlascars  (black). 
Population,  2,758,166  (in  1881),  including  aboub  5000  Europeans.  The 
stations  for  the  white  trooj)s  are  chiefly  Galle,  Colombo,  Kandy,  and  Trin- 
comalee,  with  a  convalescent  station  at  Newera  Ellia  (6200  feet  above  sea- 
level).    The  black  troops  are  more  scattered,  at  EaduUa,  Pultan,  Jaffna,  &c. 

Geology. — A  considerable  part  of  the  island  is  composed  of  granite,  gneiss, 
and  hornblende  granite  rocks;  these  have  become  greatly  weathered  and 
decomposed,  and  form  masses  of  a  conglomerate  called  "  cabook,"  which  is 
clayey  like  the  laterite  of  India,  and  is  used  for  building.  The  soil  is  derived 
from  the  debris  of  the  granite;  is  said  to  absorb  and  retain  water  eagerl}'-.  In 
some  parts,  as  at  Kandy,  there  is  crystalline  limestone. 

Climate. — This  differs,  of  course,  exceedingly  at  different  elevations.  At 
Colombo,  sea-level,  the  climate  is  warm,  equable,  and' limited.  Mean  annual 
temperature  about  81°.  Mean  temperature — April,  82°-70;  January,  78°-19; 
amplitude  of  the  yearly  fluctuation  =  4° '51.  April  and  May  are  the  hottest 
months;  January  and  December  the  coldest.  Amount  of  rain  about  74 
inches  ;  the  greatest  amount  falls  in  May  with  the  S.W.  monsoon  (about  13 
to  14  inches) ;  and  again  in  October  and  November  with  the  N.E.  monsoon 
{about  10  to  12  inches)  in  each  month.  Eain,  however,  falls  in  every  month, 
the  smallest  amount  being  in  February  and  March.  The  heaviest  yearly  fall 
ever  noted  was  120  inches.  The  relative  humidity  is  about  80  per  cent,  of 
saturation.  The  S.  W.  monsoon  blows  from  May  to  September,  and  the  N.E. 
monsoon  during  the  remainder  of  the  year,  being  unsteady  and  rather  diverted 
from  its  course  (long-shore  wind)  in  Eebruary  and  March.  The  mean  hori- 
zontal movement  during  the  year  1872  was  125  miles;  in  1870  it  was  139 
miles,  or  rather  under  6  miles  an  hour. 

At  Kandy  (72  miles  from  Colombo,  1676  feet  above  sea-level),  the  mean 
temperature  is  less,  2>°  to  5°;  the  air  is  still  absolutely  humid,  though  relatively 
rather  dry.  At  9-30  a.m.  the  mean  annual  dew-point  is  70° -4  and  at  3-30 
P  M._it  IS  7r-54.  This  corresponds  to  811  and  8-42  grains  in  a  cubic  foot 
of  air;  as  the  mean  temperature  at  these  times  is  76-37  and  79-27  the  mean 
annual  relative  humidity  of  the  air  at  9-30  a.m.  and  3-30  p.m  is  71  and  63 
per  cent,  of  saturation.  The  heat  is  oppressive,  as  Kandy  lies  in  a  hoUo  w,  as 
m  the  bottom  of  a  cup.  ' 

At  Newera  Ellia  (48  miles  from  Kandy,  6210  feet  high)  is  a  large  table- 
knd,  where,  since  1828,  some  Europeans  have  been  stationed;  the  climate  is 
ii^uropean,  and  at  times  wmtry;  the  thermometer  has  been  as  low  as  29°  and 
white  frosts  may  occur  in  the  early  morning  in  the  coldest  months.  'The 
mean  annual  temperature  is  about  5  9°.  2 

^  _  In  the  dry  season  (January  to  May)  the  thermometer's  daily  range  is  exces- 
.sive;  the  thermometer  may  stand  at  29°  at  daybreak,  and  at  8  a.m.  reach* 62°- 
nt  mid-day  it  will  mark  70°  to  74°,  and  then  fall  to  50°  at  dark.  In  one  day 
the  range  has  been  frj,m  27°  to  74°  =  47°.  The  air  is  verv  dry,  the  difference 
be  ween  the  dr  n^.  wet  bulbs  being  sometimes  15°.  ^  Assuming  the  dry 
bulb  to  mark  70  this  will  give  a  relative  humidity  of  only  38  p?r  cent  of 
saturation;  the  barometer  stands  at  about  24-25  inches.  Although  the 
diurnal  range  of  temperature  is  thus  so  great,  it  is  equable  from  day  tS  day 

2  I^"^  ^  ^^^^  account,  s6e  Sir  E.  Tenimnt's  Ceylon  ~ 
f  "riir°'?£tSoor  '->'  A-Wa„t.S„rgeou  R.  A.  Allan,  as  .ell 
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Sucli  a  climate,  with  its  bright  sun  and  rarefied  air,  an  almost  constant 
breeze,  and  an  immense  evaporating  force,  seems  to  give  us,  at  this  period, 
the  very  beau  ideal  of  a  mountain  climate. 

In  the  wet  season  (May  or  June  to  November)  all  these  conditions  arc  lo- 
vcrsed.  The  mean  thermometer  of  twenty-four  hours  is  about  59°,  and  tlie 
range  is  only  from  56°  at  daybreak  to  62°  at  mid-day ;  during  the  height  of 
the  monsoon,  there  are  about  30  inches  of  rainfall,  and  sometimes  as  much 
as  70;  the  air  is  often  almost  saturated.  The  mean  of  three  years  (1870-72) 
gives  no  less  than  94^-  inches.^ 

Two  more  striking  climatic  differences  than  between  January  and  June 
can  hardly  be  conceived,  yet  it  is  said  Newera  Ellia  is  equally  healthy  in  the 
wet  as  in  the  dry  season ;  the  human  frame  seems  to  accommodate  itself  to 
these  great  vicissitudes  without  difficulty.  The  most  unhealthy  times  are  at 
the  changes  of  the  monsoons. 

Although  there  is  some  moist  and  even  marshy  ground  near  the  station, 
ague  is  not  common,  though  it  is  seen  ;  the  temperature  is  too  low  in  the  dry 
season,  and  the  fall  of  rain  too  great  in  the  wet.  Typhoid  fever  is  seen,  and 
may  be  combined  with  periodic  fever,^  It  is  said  that  dyspepsia,  hepatic 
affections,  and  nervous  aflfections  are  much  benefited ;  phthisis  is  so  to  some 
extent,  but,  it  would  appear,  scarcely  so  much  as  European  experience  would 
have  led  us  to  expect ;  rheumatism  does  not  do  well,  nor,  it  is  said,  chronic 
dysentery ;  but  it  would  be  very  desirable  to  test  this  point,  as  well  as  that 
of  the  influence  on  phthisis,  carefully.  The  so-called  "hill  diarrhoea"  of 
India  prevailed  in  1865,  though  before  this  it  is  unknown.  Dysentery  has 
sometimes  prevailed,  and  is  caused  in  some  cases  by  bad  water  (Massy). 

The  soil  of  JSTewera  Ellia  is  chiefly  decomposed  gneiss  ;  it  is  described  iDy  Dr. 
Massy  as  being  as  hygroscopic  as  a  sponge ;  the  contents  of  cesspools  easily 
traverse  it,  and  the  removal  of  excreta  demands  great  care. 

The  neighbouring  Horton  Hills  are  said  to  be  even  better  than  Xewei  s 
Ellia  itself.  Probably  in  the  whole  of  Hindustan,  a  better  sanitary  station 
does  not  exist.  It  is  inferior,  if  it  be  inferior,  only  to  the  JSTeilgberries,  and 
one  or  two  of  the  best  Himalayan  stations. 

Sickness  and  Mortality^  of  Eiiropeans  per  1000  of  Strength. 


Years. 

Deaths. 

Admissions. 

Mean  Daily 
Sick. 

Duration  of 
Sickness. 

1860-69  (10  years), 
1869-74  (6  years), 
1875-80  (6  years). 

23-75 
17-72 
16-45 

1424-9 
1112-6 
976-4 

66-52 
52-86 

16-6  days  : 
20-00  ,, 

Influence  of  Age  on  Mortality. 


Years. 

Under  20 
Years. 

20  and 
Under  25. 

25  and 
Under  30. 

30  and 
Under  35. 

35  and 
Under  40. 

40  and 
Over. 

1864-73,  .       .       .  • 

6-79 

15-89 

28-81 

26-50 

50-25 

173-91 

Among  the  black  troops,  now  reduced  to  about  100  altogether,  in  Ceylon 
(1860-69)  the  admissions  averaged  1011,  and  the  deaths  15-17,  per  1000  of 

1  Since  1873  all  meteorological  information  about  Ceylon  has  been  dropped  out  of  the  Amii 
Medical  Reports. 

2  Massy,  in  Aimy  Med.  Reports,  vol.  viii.  p.  499.  .  . 
•••  In  1876  the  death-rate  was  only  7-43,  but  this  was  exceptional ;  m  1880  it  was  25,  the  great 

excess  being  due  to  dysentery  in  the  Colombo  garrison. 
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strength.  lu  1870  the  total  mortalitj  was  9-44  (and,  in  1880,  11-63)  per 
1000.  The  chief  causes  of  admissions  were  paroxysmal  fevers,  and  of 
deaths,  cholera,  dysentery,  and  paroxysmal  fevers.  "Continued  fever"  also 
figures  among  the  returns,  but  was  less  common  in  the  later  years.  The 
average  number  constantly  sick  was  about  32,  and  the  duration  of  the  cases 
10  or  11  days. 

In  Ceylon,  therefore,  the  black  troops  were  healthier  than  the  Avhite,  con- 
trasting in  this  remarkably  with  the  West  Indies. 

In  conclusion,  it  may  be  said  that  much  sanitary  work  still  remains  to  be 
done  in  Ceylon  before  the  state  of  the  white  troops  can  be  considered  satis- 
factory. 

SECTION  VIII. 
INDIA. 

About  50,000  Europeans  are  now  (1880)  quartered  in  India,  and  there  is 
in  addition  a  large  native  army.  In  this  place  the  Europeans  will  be  chiefly 
referred  to,  as  it  would  require  a  large  work  to  consider  properly  the  healtli 
of  the  native  troops.  ^ 

The  50,000  Europeans  are  thus  distributed  : — About  31,000  are  serving 
m  the  Bengal  Presidency,  which  includes  Bengal  proper,  the  North-West 
Provinces,  the  Punjab,  and  the  Trans-Indus  stations.  About  10,000  are 
serving  in  the  Madras  Presidency,  which  also  garrisons  some  parts  of  the  coast 
of  Burmah,  and  sends  detachments  of  native  troops  to  the  Straits  of  Malacca. 
About  9000  are  serving  in  the  Bombay  Presidency. 2  The  troops  consist 
of  all  arms. 

These  men  are  serving  in  a  country  which  includes  nearly  28°  of  lat.  and 
33°  of  long.,  and  in  which  the  British  possessions  amount  to  1,470  207 
square  miles,  and  the  population  to  253,000,000.  Stretching  from  within  8" 
ot  the  equator  to  13°  beyond  the  line  of  the  tropics,  and  embracing  countries 
of  every  elevation,  the  climate  of  Hindustan  presents  almost  every  variety  • 
and  the  troops  serving  in  it,  and  moving  from  place  to  place,  are  in  turn 
exposed  to  remarkable  differences  of  temperature,  degrees  of  atmospheric 
humidity,  pressure  of  air,  and  kind  and  force  of  wind,  &c. 

Watered  by  great  rivers  which  have  brought  down  from  the  high  lands 
vast  deposits  m  the  course  of  ages,  a  considerable  portion  of  the  surface  of 
the  extensive  plains  is  formed  by  alluvial  deposit,  which,  under  the  heat  of 
the  sun  renders  vast  districts  more  or  less  malarious ;  and  there  are  certain 
parts  of  the  country  where  the  development  of  malaria  is  probably  as  intense 
as  m  any  part  of  the  worid.  A  population,  in  some  places  thickly  clustered, 
m  others  greatly  scattered,  formed  of  many  races  and  speaking  many  tongues 
and  with  remarkably  diverse  customs,  inhabits  the  country,  and  indii?cti; 
affects  very  greatly  the  health  of  the  Europeans.  ^ 

Cantoned  over  this  country,  the  soldiers  are  also  subjected  to  the  special 

servrce  produces."'  P^'^^^^^'  "^^^^^  '''^''^''^^ 


of  treating  such  a  subject  would  be  by  a  work  on  the  hvXne  nf  Wlin  i  I  ^''-''Pf  ^''y 
the  native  army  as  a  branch  of  the  community  °^  ^""'^'^  generally,  mcluding 

^^n^f^I^j^^Z^?^:^^^^  -Madras,  when 

to  tl>e  presidencies  ;  but  a  little  care  will  always  S^g.SrtSS'ffn,^^^ 
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We  can  divide  the  causes  which  act  on  the  European  force  into  four 
subsections — 

1.  The  country  and  climate. 

2.  The  diseases  of  the  natives. 

3.  The  special  hygienic  conditions  under  which  the  soldier  is  placed. 

4.  The  service  and  the  individual  habits  of  the  soldier. 

Sub-Section  I. — The  Country  and  Climate. 

The  geological  structure  and  the  meteorological  conditions  are,  of  course 
extremely  various,  and  it  is  impossible  to  do  more  than  glance  at  a  few  of  th 
chief  points. 

1.  Soil.^' — There  is  almost  every  variety  of  geological  structure.  In  th 
north-west,  the  vast  chain  of  the  Himalayas  is  composed  of  high  peaks  o 
granite  and  gneiss  ;  while  lower  down  is  gneiss  and  slate,  and  then  sandston 
and  diluvial  detritus.  Stretching  from  Cape  Comorin  almost  to  Guzera^ 
come  the  great  Western  Ghauts,  formed  chiefly  of  granite,  with  volcani 
rocks  around ;  and  then  stretching  from  these,  come  the  Vindhya  an 
Satpoora  Mountains,  which  are  chiefly  volcanic,  and  inclose  the  two  grea 
basins  of  the  Taptee  and  Nerbudda  rivers.  Joining  on  to  the  Vindhy 
come  the  Aravalli  Hills,  stretching  towards  Delhi,  and  having  at  their  highes 
point  Mount  Aboo,  which  is  probably  destined  to  become  the  great  healt 
resort  of  that  part  of  India. 

On  the  east  side,  the  lower  chain  of  the  Eastern  Ghauts  slopes  into  the 
table-land  of  the  Deccan ;  and  at  the  junction  of  the  Eastern  and  Western 
Ghauts  come  the  Neilgherry  Hills,  from  8000  to  9000  feet  above  sea-level,  and 
formed  of  granite,  syenite,  hornblende,  and  gneiss.  But  to  enumerate  all 
the  Indian  mountains  would  be  impossible. 

Speaking  in  very  general  terms,  the  soil  of  many  of  the  plams  may  be 
classed  under  four  great  headings. 

la)  Alluvial  soil,  brought  down  by  the  great  rivers  Ganges,  indu 
Brahmapootra,  rivers  of  Nerbudda,  Guzerat,  &c.  It  is  supposed  that  about 
one-third  of  all  Hindustan  is  composed  of  this  alluvium,  which  is  chiefly 
siliceous,  with  some  alumina  and  iron.  At  points  it  is  very  stiff  with  clay- 
as  in  some  parts  of  the  Punjab,  in  Scinde,  and  in  some  portion  of  Low(  r 
Bengal.  Underneath  the  alluvial  soil  lies,  in  many  places,  the  so-called 
clayey  laterite.    Many  of  the  stations  in  Bengal  are  placed  on  alluvial  soil 

This  alluvial  soil,  especially  when,  not  far  from  the  surface,  clayey  latente 
is  found,  is  often  malarious;  sometimes  it  is  moist  only  a  foot  or  two  trom 
the  surface;  and,  if  not  covered  by  vegetation,  is  extremely  hot. 

As  a  rule,  troops  should  not  be  located  on  it.    Whatever  be  done  to  the 
spot  itself-and  inch  good  may  be  done  by  efficient  draming-the  influences 
of  the  surrounding  country  cannot  be  obviated.    Em-opeans  ^au  never  b.^ 
entirely  free  from  the  influences  of  malaria.    There  is  but  one  Pe^'^^^^  ren.ed^ 
to  lessen  the  force  in  the  plains  to  the  smallest  Xr  .nds 

military  conditions,  and  to  place  the  rest  of  the  men  on  the  l^fj^^  /^^^^^^^^ 

Somewhat  different  from  the  alluvial  is  the  soil  of  certain  f  f/f 
the  vast  Runn  of  Cutch,  which  have  been  the  beds  of  ^^^-^  seaj  and  no. 
form  immense  level  marshy  tracks,  which  are  extremely  malarious.  ii)0 
Painn  of  Cutch  contains  7000  square  miles  of  such  ^^""^^'J:....  .^^^^ 

(6)  The  so-called  "regur,"  or  "  cotton  soil,"  formed      ^isn  teg^^^^^^^^ 
and  trap,  stretches  down  from  Bundelcund  nearly  tojh^south^t^ti.e 

.  See  Carter's  < ^Sumn^r7^^e7o^7^dia,"  in  the  Journal  of  the  BomJnry  Asiatic 
Society's  Transactions,  1853. 
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peninsula,  and  spreads  over  the  table-land  of  Mysore,  and  is  common  in  the 
Deccan,  lb  is  often,  but  not  always,  dark  in  colour.  It  contains  little 
vegetable  organic  matter  (1*5  to  2*5  per  cent.),  and  is  chiefly  made  up  of  sand 
(70  to  80  per  cent.),  carbonate  of  lime  (10  to  20  per  cent.),  and  a  little 
alumina.  It  is  very  absorbent  of  water,  and  is  generally  thought  unhealthy. 
It  is  not  so  malarious  as  the  alluvium,  but  attacks  of  cholera  have  been 
supposed  to  be  particularly  frequent  over  this  soil. 

(f)  Ked  soil  from  disintegration  of  granite.  This  is  sometimes  loamy,  at 
other  times  clayey,  especially  where  felspar  is  abundant.  The  clay  is  often 
very  stitf.  , 

(d)  Calcareous  and  other  soils  scattered  over  the  surface,  or  lying  beneath 
the  alluvium  or  cotton  soil.  There  are,  in  many  parts  of  India,  large  masses 
of  calcareous  (carbonate  of  lime)  conglomerate,  which  is  called  kunkur.  It 
is  much  used  in  Bengal  for  pavements,  footpaths,  and  roads  generally. 

In  Bshar,  and  some  other  places,  the  soil  contains  large  quantities  of  nitre, 
and  many  of  the  sand  plains  are  largely  impregnated  with  salts. 

2.  Temperature. — There  is  an  immense  variety  of  temperature.  Towards 
the  south,  and  on  the  sea-coast,  the  climate  is  often  equable  and  uniform. 
The  amplitudes  of  the  annual  and  diurnal  fluctuations  are  small,  and  in  some 
places,  especially  those  which  lie  somewhat  out  of  the  force  of  the  south-west 
monsoon,  tlie  climate  is  perhaps  the  most  equable  in  the  world. 

At  some  stations  on  the  southern  coast,  the  temperature  of  the  sun's  zenith 
is  lower  than  at  the  declination,  in  consequence  of  the  occurrence  of  clouds 
and  rain,  brought  up  by  the  south-west  monsoon. 

In  the  interior,  on  the  plateaux,  of  low  elevation,  the  temperature  is  greater, 
and  ttiH  yearly  and  diurnal  fluctuations  are  more  marked.  On  the  hill  stations 
(6000  to  8000  feet  above  sea-level),  the  mean  temperature  is  much  less;  the 
fluctuations  are  sometimes  great,  sometimes  inconsiderable. 

The  influence  of  winds  is  very  great  on  the  temperature ;  the  sea  winds 
lowering  it,  hot  land  winds  raising  it  greatly. 

The  temperature  in  the  sun's  rays  ranges  as  high  as  166°  or  170°,  but  the 
mean  sun  rays'  temperature  is,  with  great  difi'erences  in  diff"erent  places, 
between  130°  and  160°  at  the  hottest  time  of  the  year. 

The  air  temperature  of  a  few  of  the  principal  stations  is  subjoined,  merely 
to  give  an  idea  of  the  amount  of  heat  in  different  parts  of  the  country.^ 
Those  of  the  hill  stations  are  given  under  the  proper  headings. 

The  increase  and  the  amplitude  of  the  yearly  fluctuation  is  thus  seen  as  we 
pass  to  the  north,  and  ascend  above  sea-level. 

In  several  places  there  are  great  undulations  of  temperature  from  hot  laud 
winds,  or  from  sea  or  shore  breezes,  or  from  mountain  currents,  which  give 
to  the  place  local  peculiarities  of  temperature. 

To  get  the  same  mean  annual  temperature  as  in  England,  it  would  be 
necessary  that  9500  feet  be  ascended  in  places  south  of  lat  20°  •  between  lat 
20°  and  26°,  9000  feet;  between  lat.  26°  and  30°,  8700  feet;  and  north  of 
lat.  30  ,  8500. 

The  mean  monthly  temperatures  would,  however,  at  such  elevations  difl"er 
somewhat  from  those  of  England.    Speaking  generally,  an  elevation  of  5000 
to  6000  feet  will  give  over  the  whole  of  India  a  mean  annual  temperature 
about  10°  higher  than  that  of  England,  and  with  a  rather  smaUer  ram^e 
Mr.  Glaisher  has  calculated  that  in  the  cold  months  the  decrease  of  tempera- 

}  These  are  taken  from  Mr.  Glaisher's  very  excellent  report  in  the  Indirfn  ,<&/7„v«^».  r> 
■nm,  which  must  be  consulted  for  fuller  details.     Ver/Tull  nSeorS^^ 
'eing  given  in  the  Reports  of  the  Sanitary  Commissioners  forthe  th^ee  t)S^^^^^^ 
these  will  ultimately  supersede  Mr.  Glaisher's  tables  piesidencies,  and 
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ture  is  1°*05  for  eacL.  300  feet  of  ascent,  but  increases  from  March  to  August 
to  4°"5,  and  then  gradually  declines.  These  results  are  not  accordant  with 
the  results  of  balloon  ascents  in  this  climate. 

Mean  Temperature  and  Height,  above  Sea-level,  of  some  of  tlie  larger 

Stations. 
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Humidity. — The  humidity  of  different  parts  of  India  varies  extremely 
there  are  climates  of  extreme  humidity — either  flat,  hot  plains,  lilce  Lowe 
Scinde,  where,  without  rain,  the  hot  air  is  frequently  almost  saturated,  an 
may  contain  10  or  11  grains  of  vapour  in  a  cubic  foot;  or  mountain  rang- 
like  Dodabetta,  in  Madras,  8640  feet  above  sea-level,  where,  during  the  rain 
season,  the  air  is  also  almost  saturated ;  a  copious  rain,  at  certain  times  of  th 
year,  may  make  the  air  excessively  moist,  as  on  the  Malabar  coast,  the  coa 
of  Tenasserim,  or  on  the  Khasyah  Hills,  where  the  south-west  monsoon  par 
with  its  vapours  in  enormous  quantities. 

On  the  other  hand,  on  the  elevated  table-land  of  the  interior,  and  on  tlx 
hot  plains  of  liTorth-West  India,  during  the  dry  season,  or  in  the  plac 
exposed  to  the  land  winds  at  any  part,  the  air  is  excessively  dry.    In  t 
Deccan  the  annual  average  of  the  relative  humidity  is  only  55  per  cent, 
saturation  (Sykes).     INIr.  Glaisher  has  given  the  humidity  of  many  plac 
A  few  stations  are  here  given  : — 

Mean  Humidity  per  cent. 
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The  mean  relative  liumidity  at  Greenwich  is  82,  varying  from  89  in 
December  and  January  to  76  in  J uly.  Calcutta,  therefore,  with  a  mean  yearly 
liumidity  of  68  per  cent,  of  saturation,  is,  as  far  as  relative  liumidity  {i.e.y 
evaporating  power)  goes,  less  moist  than  England,  and  the  evaporating  power 
is  also  increased  by  the  higher  temperature. 

Rain. — The  amount  of  rain  and  the  period  of  fall  vary  exceedingly  in  the 
different  places.    It  is  chiefly  regulated  by  the  monsoons. 

When  the  south-west  monsoon,  loaded  with  vapour,  first  strikes  on  high 
land,  as  on  the  Western  Ghauts,  on  the  Malabar  coast,  or  on  the  mountains 
of  Tenasserim,  and  especially  on  the  mountains  of  the  Khasyah.  Hills,  at  some 
jioiuts  of  which  it  meets  with  a  still  colder  air,  a  deluge  of  rain  falls ;  as,  for 
example,  at  Cannanore  (Malabar),  121  inches;  Mahableshwur,  253  inches; 
Moulmein  (Tenasserim),  180  inches;  Cherrapoonjee  (Khasyah  Hills),  600 
inches.  On  the  other  hand,  even  in  places  near  the  sea,  if  there  is  no  high, 
land,  and  the  temperature  is  high,  scarcely  any  rain  falls ;  as  in  Aden,  on  the 
south  coast  of  Arabia,  or  at  Kota,  in  Scinde,  where  the  amount  is  only  1  '8 
annually,  or  Kurrachee,  where  the  yearly  average  is  only  4"6  inches.  Or  in 
inland  districts,  the  south-west  monsoon,  having  lost  most  of  its  water  as  it 
passed  over  the  hills,  may  be  comijaratively  dry,  as  at  Nusserabad,  where  only 
15*8  inches  fall  per  annum,  or  Peshawur,  where  there  are  13-7  inches 
annually. 


The  yearly  amount  of  rain 

in  some 

of  the  iDrincipal  stations  is — 

Calcutta, 

Average. 

Average. 

56-8 

Madras  Presidency — 

Madras, 

50 

Bellary, 

.  21-7 

Bombay, 

72-7 

Bangalore,  . 

.  35 

Bengal  Presidency — 

Trinchinopoly, 

.  30-6 

Dinapore,  . 

3M 

Secunderabad, 

.  34-6 

Berhampore, 

49-8 

Benares, 

37-4 

Ghazeepore, 

41-4 

Bombay  Presidency — 

Azimghur, 

40 

Belgaum, 

.  51-5 

Agra, 

27-9 

Poonah, 

.  27-6 

Delhi, 

25-1 

Neemuch,  . 

.  34-1 

Meerut, 

18 

Kamptee, 

.  21-8 

Punjab, 

56-6 

lFmt?s.— The  general  winds  of  India  are  the  north-east  monsoon,  which  is, 
in  fact,  the  great  north-east  trade-wind,  and  the  south-west  monsoon,  a  wind 
■caused  by  the  aspiration  of  the  hot  earth  of  the  continent  of  Asia,  when  the 
sun  is  at  its  northern  declination.  During  part  of  the  year  (May  to  August) 
the  south-west  monsoon  forces  back  the  trade-wind  or  throws  it  up,  for  at 
great  altitudes  the  north-east  monsoon  blows  through  the  whole  year,  and 
the  south-west  monsoon  is  below  it.  But,  in  addition,  there  are  an 'immense 
number  of  local  winds,  which  are  caused  by  the  effect  of  hills  on  the 
monsoons,  or  are  cold  currents  from  hills,  or  sea  breezes,  or  shore  winds 
■caused  by  the  contact  of  sea  breezes  and  other  winds,  or  by  the  first  feeble 
•action  of  the  south-west  monsoon  before  it  has  completely  driven  back  the 
north-east  trade.  The  south-west  monsoon  is  in  most  of  its  course  loaded 
with  vapour ;  the  north-east  is,  on  the  contrary,  a  colder  and  drier  wind, 
except  when  at  certain  times  of  the  year,  in  passing  over  the  Indian  Ocean  it 
takes  up  some  water,  and  reaches  the  Coromandel  coast  and  Ceylon  as  a 
moist  and  rain-carrying  wind. 

The  hot  land  winds  are  caused  by  both  the  south-west  monsooTi,  after  it 
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has  parted  witli  its  moisture  and  got  warmed  by  the  hot  central  plains,  and 
the  north-east  monsoon ;  the  temperature  is  very  great,  and  the  rclativci 
humidity  very  small,  the  diflbrence  between  the  dry  and  the  wet  bulb  beiii;j; 
sometimes  15°  to  25°  Fahr. 

Pressure  of  the  Air. — On  this  point  little  need  be  said.  The  barometer  is 
very  steady  at  most  sea-coast  stations,  with  regular  diurnal  oscillations,  chiefly- 
caused  by  alteration  in  humidity.  An  elevation  of  5000  feet  lowers  tli(,' 
barometer  to  nearly  26  inches. 

JElectricity. — On  this  point  few,  if  any,  experiments  have  been  made  ;  t]m 
air  is  extremely  charged  with  electricity,  especially  in  the  dry  season,  and  tin; 
dust-storms  are  attended  with  marked  disturbance  of  the  electrometer.^ 

JSffeds  of  Climate. — The  estimation  of  the  effects  of  such  various  climates 
is  a  task  of  great  difficulty.  Long-continued  high  temperature,  alternations 
of  great  atmospheric  dryness  and  moisture,  rapidly  moving  and  perhaps  dry 
and  hot  air,  are  common  conditions  at  many  stations ;  at  others,  great  heat 
during  part  of  the  year  is  followed  by  w^eather  so  cold  that  even  in  Englaml 
it  would  be  thought  keen.  When  to  these  influences  the  developraent  of 
malaria  is  added,  enough  has  been  said  to  show  that,  a  pnori,  we  can  feel 
certain  that  the  natives  of  temperate  climates  will  not  support  such  a  climate 
Avithout  influence  on  health,  and  the  selection  of  healthy  spots  for  troops  is  a 
matter  of  the  greatest  moment  as  affects  both  health  and  comfort.  This 
much  being  said,  it  must  at  the  same  time  be  asserted  that,  malaria  excepted, 
the  influences  of  climate  are  not  the  chief  causes  of  sickness. 

The  location  of  troops  should  be  governed  by  two  or  three  conditions — 1. 
Military  necessities;  2.  Convenience;  3.  Conditions  of  health.  The  second  of 
these  conditions  is,  however,  a  mere  question  of  administration  ;  every  place 
can  be  made  convenient  in  these  days  of  railway  and  easy  locomotion.  Military 
necessity  and  health  are  the  only  real  considerations  which  should  guide  our 
choice.  The  vital  military  points  must  be  held  with  the  necessary  forces,  and 
then  the  whole  of  the  remaining  troops  can  be  located  on  the  most  healthy  spots. 

These  spots  cannot  be  in  the  plains.  Let  any  one  look  at  a  geological  map 
of  India,  and  see  the  vast  tract  of  alluvial  soil  which  stretches  from  the  loose 
soil  of  Calcutta,  formed  by  the  deposit  of  a  tidal  estuary,  up  past  Cawnpore, 
Delhi,  to  the  vast  plains  of  the  Punjab,  Scinde,  and  Beloochistan.  The 
whole  of  that  space  is  more  or  less  malarious,  and  will  continue  to  be  so  until, 
in  the  course  of  centuries,  it  is  brought  into  complete  tillage,  drained,  and  cul- 
tivated. Moreover,  heat  alone  without  malaria  tells  upon  the  European  frame, 
lessens  the  amount  of  respiration  and  circulation,  and  lowers  digestive  power. 

In  looking  for  healthy  spots,  where  temperature  is  less  tropical,  and 
malarious  exhalations  less  abundant,  there  are  only  two  classes  of  localities 
w^hich  can  be  chosen— seaside  places  and  highlands. 

Seaside  Places.— The  advantages  of  a  locality  of  this  kind  are,  the  reeluc- 
tion  in  temperature  caused  by  the  expanse  of  water,  the  absence  of  excessive 
dryness  of  the  air,  and  the  frequent  occurrence  of  breezes  from  the  sea.  Ail 
these  advantages  may  be  counteracted  by  the  other  features  of  the  place ;  by 
a  damp  alluvial  soil,  bad  water,  &c.  .  -,       n     j  j 

It  does  not  appear  that  many  eligible  places  have  yet  been  found,  and  a^ 
a  substitute  in  Eengal,  the  Europeans  from  Calcutta  sometimes  live  on  board 
a  steamer  anchored  off  the  sandheads,  thus  literally  carrying  out  a  suggestion 
of  Lind  in  the  West  Indies  a  century  ago.  .      a  . 

In  the  Bay  of  Bengal,  Waltair,  in  the  northern  division  of  Madras,  is  om 


See  Baddeley'.s  Whirlwinds  and  Dmt  Storms  of  India  (1860),  for  n  rery  good  account 
of  these  singular  storms. 
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of  the  besti  Cape  Calimere  (28  miles  south  of  Nagapatam)  also  appears  to 
have  many  advantages  (Macpherson).  On  the  opposite  coast,  Cape  Negrais, 
on  the  Burmese  coast,  was  pointed  out  as  long  ago  as  1825,  by  Sir  Kanald 
Martin,  as  a  good  marine  sanitarium,  and  Amherst  in  Tenasserim,  and  some 
of  the  islands  down  the  coast  towards  Mergui,  are  beautiful  spots  for  such  a 
purpose,  being,  however,  unfortunately,  at  a  great  distance  from  the  large 
military  stations,  and  not  being  well  supplied  with  food. 

On  the  Bombay  side,  at  Sedashagur  or  Beitkul  Bay,  between  Mangalore 
and  Goa,  a  spur  of  the  Western  Ghauts  projects  into  the  sea  for  upwards  of 
a  mile,  and  forms  an  admirable  sea-coast  sanitarium  (Macpherson)  ? 

All  these  sea-coast  stations  seem  adapted  for  organic  visceral  affections  and 
dysentery,  but  they  are  not  so  well  calculated  for  permanent  stations  for 
healthy  men.    Probably  they  are  rather  sanitaria  than  stations. 

Highlands. — The  location  of  troops  on  the  hills  or  on  elevated  table-lands 
has  long  been  considered  by  the  best  army  medical  ofhcers  as  the  most 
important  sanitary  measure  which  can  be  adopted.  ISTot  only  does  such  a 
location  improve  greatly  the  vigour  of  the  men,  who  on  the  hill  stations 
preserve  the  healthy,  ruddy  hue  of  the  European,  but  it  prevents  many 
diseases.  If  properly  selected,  the  vast  class  of  malarious  diseases  disappears ; 
liver  diseases  are  less  common,  and  bowel  complaints,  in  some  stations  at 
any  rate,  are  neither  so  frequent  nor  so  violent.  Digestion  and  blood  nutri- 
tion are  greatly  improved.  Moreover,  a  proper  degree  of  exercise  can  be 
taken,  and  the  best  personal  hygienic  rules  easily  observed. 

Indian  surgeons  appear,  however,  to  think  the  hill  stations  not  adapted  for 
cardiac  and  respiratory  complaints;  it  is  possible  that  this  objection  is 
theoretical.  The  latest  European  experience  is  to  the  eifect  that  phthisis  is 
singularly  benefited  by  even  moderate,  still  more  perhaps  by  great  elevation  ; 
that  anaemia  and  faulty  blood  nutrition  are  cured  by  high  positions  with  great 
rapidity,  and  that  if  the  elevation  be  not  too  great  (perhaps  not  over  3000 
feet)  even  chronic  heart  diseases  are  improved.  In  some  of  the  hill  stations 
of  India  bowel  complaints  were  formerly  so  frequent  as  to  give  rise  to  the 
term  "  hill  diarrhoea."  The  elevation  was  credited  with  an  effect  which  it 
never  produced,  for,  not  to  speak  of  other  parts  of  the  world,  there  are  stations 
in  India  itself  (Darjeeling,  for  example)  as  high  as  any  other,  where  the  so- 
called  hill  diarrhoea  was  unknown.  At  Newera  Ellia,  in  Ceylon,  too,  if  the 
simple  condition  of  mountain  elevation  could  have  produced  diarrhoea,  it 
would  have  been  present.  The  cause  of  the  hill  diarrhoea  was  certainly,  in 
many  stations,  unwholesome  drinking  water ;  whether  or  not  this  was  the  case 
in  all,  is  uncertain.  Some  of  the  hill  stations  are  said  not  to  be  adapted  for 
rheumatic  cases ;  in  other  instances  (as  at  Subathoo)  rheumatism  is  much 
benefited.  Erora  reading  the  reports  from  these  stations,  it  is  more  probable 
that  damp  barracks,  and  not  the  station,  have  been  in  some  cases  the  cause 
of  the  rheumatism. 

But  it  must  be  noticed  that  the  evidence  given  before  the  Indian  Sanitary 
Commission  shows,  on  all  or  almost  all  hill  stations,  a  most  lamentable  want  of 
the  commonest  sanitary  appliances.  At  great  expense  men  are  sent  up  to  the 
hills,  where  everything  is,  or  was,  left  undone  which  could  make  that  expense 
profitable.  It  appeared  to  be  thought  sufficient  to  ascend  6000  feet  to  abandon 
all  the  most  obvious  sanitary  rules,  without  which  no  place  can  be  healthy. 

Admittiug,  as  a  point  now  amply  proved,  that  stations  of  elevation  are  the 
proper  localities  for  all  troops  not  detained  in  the  plains  by  imperative 
military  reasons,  the  following  questions  are  still  not  completely  answered  :  


1  Evidence  of  Dr.  Maclean  in  India  Report,  p.  139. 
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1.  What  amount  of  elevation  is  the  best?  We  have  seen  that  to  reduce 
tlie  temperature  to  the  English  mean,  5000  to  6000  feet  must  on  an  average 
be  ascended.  But  then  such  an  elevation  brings  with  it  certain  inconveni- 
ences, viz.,  in  some  stations  much  rain  and  even  fog  at  certain  times  of  the 
year,  and  cold  winds.  However  unpleasant  this  may  be,  it  yet  seems  clear, 
from  the  experience  of  Newera  Ellia  in  Ceylon,  that  damp  and  cold  are  not 
hurtful.  But  it  must  also  be  said  that,  with  a  proper  selection,  dry  locaUties 
can  be  found  at  this  elevation. 

From  3000  to  4000  feet  have  been  recommended,  especially  to  avoid  the 
conditions  just  mentioned.  Whether  places  of  this  height  are  equal  in 
salubrity  to  the  colder  and  higher  points  is  uncertain. 

Even  at  6000  feet  there  may  be  marsh  land,  though  it  is  not  very  malarious. 
Malarious  fever  has  been  known,  during  the  rains  at  Kussowlie  (6400  feet), 
and  Subathoo  (4000),  and  other  Himalayan  stations.  Malaria  may,  however, 
drift  up  valleys  to  a  great  height,^  but,  apart  from  this,  it  seems  likely  that 
r)000  feet,  and  probably  4000,  will  perfectly  secure  from  malaria.  Probably, 
indeed,  a  less  height  will  be  found  effectual. 

At  no  point  do  hot  land  winds  occur,  or  at  any  rate  endure,  at  above  4000 
feet.  On  the  whole,  it  would  appear  probable  that  the  best  localities  are  above 
5000  feet,  but  below  7000. 

2.  What  stations  are  the  best — the  tops  of  solitary  hills,  spurs  of  high 
mountains,  or  elevated  table-lands  1 

Ranald  Martin  has  called  especial  attention  to  the  solitary  hills,  rising  as 
they  do  sometimes  from  an  almost  level  plain  to  2000  and  3000  feet.  Such 
mountain  islands  seem  especially  adapted  for  troops  if  there  is  sufficient 
space  at  the  top.  They  are  free  from  ravines  conducting  cold  air  from  higher 
land,  and  are  often  less  rainy  than  the  spurs  of  loftier  hills. 

The  spurs  of  the  Himalayas,  however,  present  many  eligible  spots,  and  so 
do  some  table-lands.  And  perhaps,  on  the  whole,  if  the  elevation  is  sufficient, 
it  is  not  a  matter  of  much  importance  which  of  these  formations  is  chosen  ; 
other  circumstances,  viz.,  purity  of  water,  space,  ease  of  access,  and  sujiplies, 
&c.,  will  generally  decide. 

In  choosing  hill  stations,  the  points  discussed  in  the  chapter  on  Soils 
should  be  carefully  considered,  and  it  is  always  desirable  to  have  a  trial  for 
a  year  or  two  before  the  station  is  permanently  fixed. 

In  all  the  presidencies  of  India  elevated  spots  where  troops  can  be  cantoned 
exist  in  abundance. ^  The  following  table,  copied  from  Dr  Macpherson's 
work,  give  some  of  the  principal  hill  stations.  Fresh  stations  are,  however, 
being  constantly  discovered,  and  it  seems  now  certain  that  there  is  scarcely 
any  important  strategical  point  without  an  elevated  site  near  it. 

Near  ISTynee  Tal,  in  Ivumaon,  are  Almorah  (5500  feet),  and  Hawalbagh 
(4000  feet),  both  well  spoken  of.  Kunawar  (5000  or  6000  feet),  in  the 
valley  of  the  Sutlej,  has  a  delicious  chmate ;  and  Chini  (about  100  miles 
from  Simla),  is  a  most  desirable  spot. 

1  It  has  drifted  iip  even  to  the  summits  of  the  Neilgherries,  7000  or  8000  feet.— Indian 
Sanitary  Report,  Mr.  Elliott's  Evidence,  vol.  i.  p.  250. 

"  See  the  evidence  in  the  Indian  Sanitary  Report  (vol.  i.)  of  Sir  R.  Martni,  Mr.  l-lliott, 
Maclean,  Dr.  Alexander  Grant,  Mr.  Montgomery  Martin,  and  others.  Also  most  instructive 
reports  by  Mr.  Macpherson,  Indian  Report,  vol.  ii.  p.  6'2-2  ;  and  by  Dr.  Alexander  Grant,  Indian 
Annals.  On  the  location  of  troops  reference  may  also  be  made  to  the  late  Surgeon-General  Dr. 
Beatson's  very  decided  opinion  on  the  necessity  of  placing  on  the  hills  all  the  men  who  can 
be  spared  from  the  militarv  posts  in  the  plains.  No  more  valuable  opinion  could  be  given  on 
such  a  point  than  that  of  an  officer  who  had  the  largest  possible  expeneuce.  and  the  be.st 
opportunities  of  forming  a  correct  judgment.  (See  his  Report  in  the  Army  Med.  RejMrt,  vol. 
viii.  p.  347.)  Sir  William  Muir  also  urged  this  point,  and  the  result  is  that  gradually  more 
and  more  troops  are  being  located  on  the  hills. 
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Passing  down  from  the  north-west  towards  Calcutta,  Dr.  M'Clellan  found 
elevated  land  within  100  miles  of  Allahabad  ;  and  in  the  south  there  are  the 
Travancore  mountains,  with  numerous  good  sites. 

If,  then,  tlie  mass  of  the  troops  are  cantoned  on  elevated  places,  the  dis- 
advantages of  climate  are  almost  removed.  The  Indian  Sanitary  Corami.s- 
sioners  recommended  that  one-third  of  the  force  shall  be  in  the  hills,  and 
that  enfeebled  men  and  recruits  especially  shall  be  sent  there.  But  it  is  to 
be  hoped  that  not  only  one-third,  but  a  large  majority  of  the  troops  will 
eventually  be  placed  there. 

Sub-Section  II. — Diseases  of  the  J^atives. 

It  is  impossible  that  Europeans  can  be  perfectly  isolated  from  the  nation- 
among  whom  they  serve  ;  they  have  suffered  from  the  pestilential  diseases  of 
the  Hindus,  but  still  it  is  wonderful  that  they  have  not  suffered  more. 
Cholera  is  the  chief  disease,  which,  arising  in  the  native  population,  scourges 
their  conquerors.  Some  fevers  also,  relapsing  fever,  perhaps  a  "  febris 
icterodes,"  or  bilious  remittent,  which  has  attacked  Europeans,  have  had  their 
origin,  or  at  any  rate  their  conditions  of  spread,  in  the  dense  populations  of 
native  cities.  Happily,  the  Black  Death  (the  Maha  murree,  or  Pali  plague) 
has  never  yet  spread  to  the  troops,  and  has  indeed  been  confined  within 
narrow  limits.  Still  these  pestilences  among  the  native  population  are  an  ever- 
present  menace  to  Europeans,  and,  as  in  the  case  of  cholera,  may  pass  to  them 
at  any  time.  Cholera,  certainly,  will  never  be  extirpated  until  attacked  in 
its  strongholds,  among  the  miserable  dwellings  which  make  so  large  a  part  of 
every  Oriental  city.  In  1867  there  were  some  cases  among  the  troops  of  th<i 
contagious  fever,  which  has  caused  so  much  mortality  in  many  of  the  Bengal 
jails.  The  exact  influence  on  Europeans  of  the  customs  and  modes  of  life  of 
the  natives  of  India  has  not  been  made  an  object  of  special  studj',  but  il 
cannot  be  inconsiderable.  In  many  places  the  Europeans  and  the  natives 
are  in  close  neighbourhood,  and  the  air  at  all  times,  and  often  the  water, 
must  be  influenced  by  the  social  life  of  the  native  races.  The  proximity  to 
large  cities  or  bazaars  is  indeed  often  alluded  to  by  army  ofificers  as  in- 
fluencing the  health  of  their  men  ;  it  would  be  very  interesting  to  know  the 
precise  effect.  The  sanitary  condition  of  almost  all  the  large  native  towns,  and 
the  sanitary  habits  of  the  country  people,  are  as  bad  as  can  be.  Bad  ^yater, 
fo3tid  air,  want  of  sewage  removal,  and  personal  habits  of  uncleanliness, 
abound  everywhere.  The  Eeport  of  the  India  Sanitary  Commission,  and  the 
activity  of  the  Indian  officials  in  the  Sanitary  Departments,  are  now  be- 
ginning a  series  of  changes  in  this  respect,  which  wiU  probably  change,  in 
toto,  the  medical  history  of  India. 

Sub-Section  III.— Special  Hygienic  Conditions. 
The  special  hygienic  conditions  (apart  from  locality)  under  which  tlie 
soldier  serves  in  India  have  been  the  main  causes  of  excess  of  disease._  itii^ 
subject  has  received  a  searching  inquiry  from  the  Sanitary  Commissioners 
They  declare,  and  after  reading  the  Station  Keports  and  the  evidence  given 
before  them,  no  one  will  doubt  the  assertion,  that  while  malaria,  extremes  o 
temperature,  moisture,  and  variability  of  temperature  cause  a  certain  amoun 
or  sickness,  "there  are  other  causes  of  a  very  active  kind  connected  wit D 
stations,  barracks,  hospitals,  and  the  habits  of  the  men,  of  the  same  nature  a. 

1  Report  of  the  Commissioners  mi  the  Sanitary  State  of  the  Army  in  India,  1863.  Beporf, 
p.  79,  published  in  1864  in  small  bulk. 
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those  which  are  known  in  colder  climates  to  occasion  attacks  of  those  very 
diseases  from  which  the  Indian  army  suft'er  so  severely." 

And  the  Commissioners  enumerate  a  list  of  causes  connected  with  unhealthy 
stations,  bad  barracks,  overcrowding,  impure  air  and  water,  bad  drainage,  im- 
perfect ablution,  inferior  rations  and  cooking,  <fec. 

In  fact,  no  doubt  can  exist  in  the  minds  of  all  who  have  studied  the  sub- 
ject that  these  form  the  most  potent  class  of  causes  which  aifect  health. 

Sub-Section  IV.— Habits  and  Customs  of  the  Troops. 

The  habits  of  the  men  and  the  customs  of  servicfe  were,  how^ever,  also  great 
causes  of  diseases,  and  are  still  so  to  some  extent. 

The  men  were,  as  a  rule,  intemperate,  great  smokers,  and  indisposed  for 
exertion.  It  has,  indeed,  been  pointed  out  with  truth,  that  in  proportion  to 
their  amount  of  exercise  the  men  Avere  much  overfed,  and  some  diseases  of 
the  liver  appear  to  result  directly  from  this  simple  condition. 

The  want  of  exercise  is  not  always  the  fault  of  the  men.  The  early  morn- 
ing hours,  and  often  the  evening,  are  occupied  with  parades ;  in  the  period 
between,  the  men  used  to  be  confined  to  barracks,  and  are  still  sometimes  so. 
Here,  listless,  unoccupied,  and  devoured  with  ennui,  they  passed  the  weary 
day,  lying  down  perhaps  for  hours  daily,  or  lounging  on  chairs  smoking. 

This  forced  confinement  to  barracks  is  indeed  an  evil  often  greater  than 
that  it  is  intended  to  remove.  To  prevent  men  from  passing  out  into  the  sun 
they  are  compelled  to  remain  in  a  hot,  often  ill-ventilated  room,  worse  for 
health  than  the  intensest  rays  of  the  sun,i  that  scape-goat  of  almost  every 
fault  and  vice  of  Indian  life. 

All  these  causes  have  been  summed  up  by  Miss  Nightingale  in  some  of 
those  telling  sentences  which  have  done  more  than  anything  else  to  force 
attention  to  these  vital  questions. ^ 

Of  late  years  a  great  change  has  taken  place  in  the  habits  of  the  men, — • 
more  open  air  exercises  of  all  kinds;  and  in  the  cooler  stations  athletic  sports 
and  cricket  have  been  encouraged;  in  some  of  the  hill  stations  the  troops  have 
been  employed  in  making  roads  and  public  works,  and  the  practice  of  trades 

1  The  late  Dr.  Parkes  writes — "  I  shall  never  forget  the  sufferings  of  the  men  in  the  old  barracks 
at  Madras.  We  arrived  there  from  Moulniein,  where  the  men  had  never  been  couiined  to  bar- 
racks, and  where,  during  two  hot  seasons,  no  injury  had  resulted  from  allowing  them  to  go  out 
when  they  liked.  On  arrival  at  Madras,  in  accordance  with  invariable  custom,  the  men  Avere 
confined  to  barracks.  They  lay  all  day  on  their  beds,  reeking  with  perspiration  ;  the  place  was- 
so  small  and  ventilation  so  bad,  that  the  heat  was  perfectly  intolerable  in  the  barracks,  though 
the  sun's  rays  were  quite  bearable.  The  suflerings  were  extreme.  When  the  afternoon  came, 
more  injury  had  been  done  by  the  hot  and  impure  air  than  exposure  to  the  sun's  rays  could  have 
caused. 

"  At  Moulmein,  in  Tenasserim,  at  one  time,  two  European  regiments  served  together.  The 
barracks  of  each  were  perfectly  healthy  ;  the  food  and  duties  were  the  same  ;  yet  one  showed 
a  sick  list  and  mortality  always  much  greater  than  the  other.  Serving  in  the  station  shortly 
afterwards,  I  was  so  struck  by  this  difi"erence  that  I  went  overall  the  returns  and  reports  in  the 
staff-surgeon's  office  to  make  out  the  cause;  the  only  difference  I  could  detect  was,  that  in  the 
sickly  regiment  the  men  were  confined  to  barracks,  in  the  other  they  were  allowed  to  go  about 
as  they  pleased.  Many  years  afterwards,  I  met  with'  a  medical  officer  who  had  served  in  the 
sickly  regiment,  and  learned  from  him  that  he  had  always  considered  the  confinement  to  bar- 
racks, and  the  want  of  exercise,  and  the  imjiure  air  breathed  by  that  system  almost  night  and 
day,  to  have  been  the  cause  of  a  disparity  so  striking.  No  one  would  recommend  imprudent 
exposure  to  the  sun  ;  men  may  be  trusted  to  avoid  its  intensest  rays ;  but  to  reduce  men  to^ 
enforced  idleness  for  many  hours,  and  to  confine  them  in  the  small  space  of  a  barrack-room,  is 
not  the  way  of  meeting  the  evil.  (On  this  point  see  also  Dr.  Clark's  observations  on  want  of 
exercise  as  compared  with  exposure  to  the  sun  on  the  West  Coast  of  Africa.)  On  this  point  as 
m  many  others,  the  statements  of  Dr.  Kenneth  Mackinnon  are  deserving  of  great  attention 
His  remarks  on  the  desirability  of  exercise,  even  in  the  trying  climate  of  Tirhoot  in  Bengal  are 
very  striking  A  Treatise  on  Public  Health,  by  Kenneth  Mackinnon,  M.D.,  Cawnpore  1848 
aXpted  "       ^        strong!  y  recommended  open  sheds  and  gymnasia,  and  these  are  now  being 

-  IIoio  People,  may  Livearul  not  Die  in  India,  by  Florence  Nightingale.  1863. 
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lias  been  promoted.  Were  the  troops  chiefly  on  the  hills,  as  much  exercise 
xis  at  home  would  be  possible,  and  the  men  would  preserve  their  European 
vigour  and  appearance.  But  even  in  the  plains  exercise  is  necessary,  and  if 
it  be  taken  at  proper  times  {i.e.,  with  avoidance  of  the  three  or  four  hottest 
hours),  and  with  proper  precautions,  such  as  keeping  the  head  and  spine  well 
<20vered  and  cool,  putting  on  after  profuse  sweating  dry  and  thin  mixed 
•cotton  and  woollen  underclothes,  and  protecting  the  loins  and  abdomen  with 
•fi  silk  or  flannel  sash,  and  avoiding  stimulants  before  and  during  the  exercise, 
all  men  would  be  benefited  even  by  very  great  exercise. 

The  pale,  feeble  appearance  of  persons  who  keep  much  in  the  darkened 
houses  is  really  owing  more  to  the  absence  of  light  and  to  the  unhealthy  and 
sedentary  life  than  to  the  effect  of  the  climate. 

The  subject  of  clothing  has  been  already  referred  to.  In  Algeria,  as  in 
India,  much  good  has  been  ascribed  to  the  use  of  very  large  flannel  belts, 
Avhich  the  French  suspend  from  the  shoulders,  a  plan  better  adapted  for  com- 
fort than  the  so-called  cholera  belts  of  India. 

With  regard  especially  to  diet,  two  points  must  be  considered  : — 

1.  What  amount  of  food  should  be  taken?  In  India,  as  in  all  parts  of 
ithe  world,  food  should  be  taken  in  proportion  to  the  mechanical  work  done 
by  the  body,  and  to  the  equivalent  of  mechanical  energy,  viz.,  animal  heat. 

High  temperature,  as  lessening  the  loss  of  the  body  heat,  must,  pro  tanto, 
lessen  the  need  of  food  to  supply  the  temperature;  and  it  has  been  supposed 
that  the  diet  of  men  in  cold  countries  (Arctic  regions)  and  in  hot,  contrasted 
•remarkably  in  respect  of  the  amount  of  carboniferous  food  taken  by  each, 
(But  although  it  is  certain  that  large  quantities  of  meat  and  fat  are  taken  by 
men  living  in  or  arriving  in  cold  countries,  it  is  now  known  that  the  natives 
•of  some  of  the  hottest  parts  of  the  world  take  immense  quantities  of  both  fats 
and  starches.  In  fact,  both  these  substances  are  taken  to  supply  mechani- 
cal energy  directly,  as  well  as  animal  heat.  It  is  not,  in  fact,  yet  knowTi 
what  amount  of  lessening  of  food,  or  what  kind  of  lessening,  the  increased 
■heat  of  the  tropics  demands,  or  whether  any  is  demanded,  for  exact  ex- 
j)eriments  are  wanting.  Our  best  guide  at  present  for  the  quantity  of  food 
to  be  taken  in  the  tropics,  is  to  apportion  it  to  the  amount  of  mechanical 
-work  done,  as  in  temperate  climates.  In  India,  as  elsewhere,  it  must  be  in 
balance  with  exercise.  The  points  then  to  be  considered  are  the  amounts  of 
•daily  food  and  of  daily  exercise,  and  by  means  of  the  tables  formerly  given, 
and  by  knowing  the  habits  of  the  men,  little  difficulty  will  be  found  in  deter- 
mining the  proper  ration  quantity  of  food  with  accuracy. 

In  considering  the  amount  of  food,  it  must  be  remembered  that  the  soldier 
^almost  always  buys  additional  food,  and  often  eats  much  more  than  his  ration. 
Some  years  ago  Dr.  Macnamara  found  the  troops  in  Bengal  taking  no  less  than 
76  ounces  of  food  {i.e.,  water-containing  food),  while  the  regulation  ration  was 
■only  52  ounces,  so  that  these  men  were  largely  over-feeding.  And  Dr. 
Dempster!  stales  that  the  majority  of  the  recruits  from  Scotland  and_  Eng- 
land eat  in  the  hot  weather  in  India  much  more  animal  food  than  m  the 
coldest  seasons  in  their  native  countries. ^ 

It  would  therefore  seem  that  illness  may  arise  in  India  from  excess  of  food, 
'but  it  is  not  the  regulation  ration  which  produces  it,  but  the  additional  pur- 
chased food,  which  is  often  of  bad  quality,  or  the  extreme  idleness  of  the 
men,  in  Avhich  case  even  the  regulation  ration  is  too  much.    Die  only 


1  Indian  Sanitary  Report— Evidence.  .    -i  •  cfofhifr  n-itli  iiprfpct 

«  Colonel  Svkes  lonc^  ago  directed  particular  attention  to  tins  point  stating  iMtli  perlect 
truth,Tarthe^Sldiei  i.s  over-stinnilated  by  food  and  drink,  and  nnder-stinuilated  bj 


bodily  and  mental  exercise. 
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remedy  is  instruction  of  the  men  in  what  is  good  for  them,  and  no  men  are 
so  stupid  as  not  to  perceive  what  is  best  for  their  own  comfort  and  happiness 
when  it  is  once  pointed  out  to  them. 

In  addition,  the  soldier  in  India  had  till  very  lately  the  spirit  ration  (now 
lessened  to  one-half),  which  has  the  effect  of  lessening  the  power  of  appro- 
priation of  food,  though  not  always  the  appetite,  and  thus  indirectly  may 
cause  over-feeding. 

2.  Admitting  (till  better  observations  are  made)  that  men  in  the  tropics,, 
undergoing  as  much  exertion  as  at  home,  will  demand  as  much  food,  and  iiii 
the  same  proportions,  as  far  as  the  four  classes  of  aliment  are  concerned  (and 
all  physiological  evidence  goes  to  show  that  this  must  be  the  case,, 
and  that  not  external  temperature,  per  s<>,  but  the  work  of  the  body,, 
is  the  chief  measure  of  food),  the  next  question  is,  whether  the  different 
articles  of  the  diet  should  be  altered;  Avhether,  for  example,  the  same 
amount  of  nitrogen  being  given,  it  should  be  contained  in  vegetable  or 
animal  food  1 

It  has  been  stated  by  several  of  the  best  observers  in  the  tropics  that  those- 
who  eat  largely  of  animal  ,  food  are  less  healthy  than  those  who  take  more 
vegetable  food ;  and  Friedel,  in  his  work  on  China,  has  again  directed 
attention  to  the  fact^  that  the  amount  of  digestive  and  hepatic  disease  is  much 
greater  among  the  English  than  among  any  other  European  settlers  in  China^ 
Eut  whether  this  is  owing  to  excessive  animal  food,  or  excess  generally  in  al  \. 
food,  and  to  too  much  wine,  beer,  and  spirits,  is  not  certain.  The  diet  is 
probably  too  rich  as  a  whole. 

Sujjposing  meat  is  taken  in  proper  but  not  excessive  quantity  with 
farinaceous  food,  as  at  home,  is  it  less  healthy  than  a  quantity  of  vegetable 
food  containing  an  equivalent  amount  of  nitrogen  1  On  this  point  strict 
scientific  evidence  has  not  been  produced.  With  regard  to  excess  of  animal 
food  there  is  no  doubt ;  but  animal  food  in  moderation  has  not  been  show 
to  be  more  active  in  causing  liver  complaints  in  India  than  at  home. 

Considering,  indeed,  how  important  it  is,  when  the  digestive  organs  have 
been  accustomed  to  one  sort  of  diet,  not  to  change  it  suddenly  and  com- 
pletely, it  seems  very  doubtful  whether  it  would  be  desirable  for  the 
European  arriving  in  India  at  once  to  give  up  all  previous  habits,  and  to 
commence  an  entirely  different  kind  of  diet. 

It  is  possible,  however,  that  the  meat  standard  of  England  might  be  some- 
what reduced,  and  the  bread,  flour,  and  leguminosas  increased.  This  is  not 
the  opinion,  however,  of  some  of  those  who  have  lately  paid  particular 
attention  to  Indian  rations  (Dr.  C.  A.  Gordon  and  Dr.  Inglis),^  and  who 
believe  that  the  amount  of  meat  is  even  too  small. 

It  has  often  been  said  that  Europeans  in  India  should  imitate  the  natives 
in  their  food,  but  this  opinion  is  based  on  a  misconception.  The  use  of 
ages  has  accustomed  the  Hindu  to  the  custom  of  taking  large  quantities 
of  rice,  with  pulses  or  corn ;  put  an  European  on  this  diet,  and  he  could 
not  at  first  digest  it;  the  very  bulk  would  be  too  much  for  him.  The 
Hindu,  with  this  diet,  is  obliged  to  take  large  quantities  of  condiments 
(peppers,  &c.).  The  European  who  did  the  same  would  produce  acute  gastric 
catarrh  and  hepatic  congestion  in  a  very  short  time  ;  in  fact,  as  already 
stated,  one  great  fault  of  the  diet  of  Europeans  arriving  in  India  is  too  oreat 
use  of  this  part  of  the  native  diet.  ^ 

Two  points  about  the  diet  of  India  seem  quite  clear.  One  is,  that  spirits 
are  most  hurtful,  and  that  even  wine  and  beer  must  be  taken  in  great  moder- 

1  Already  noticed  as  regards  India  and  the  Mauritius. 
'-  Op.  cit.  and  Army  Mediml  Report,  vol.  v.  p.  380. 
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ution.  Of  the  two  beverages,  light  wines  (clarets),  which  are  now  happily- 
coming  into  use  in  India  for  the  officers,  arij  the  best.  For  the  men  good 
beer  sliould  be  provided,  but  it  is  important  to  teach  the  men  moderation. 
The  allowance  per  man  per  diem  should  never  be  more  than  a  quart,  and  men 
would  find  themselves  healthier  with  a  single  pint  per  day.  But  it  would 
seem  probable  that,  especially  in  the  hot  stations  and  seasons,  entire 
abstinence  should  be  the  rule,  and  that  infusions  of  tea  and  coffee  are  the 
best  beverages.  1 

The  other  point  is,  that  in  the  tropics  there  is  perhaps  even  a  greater 
tendency  to  scurvy  than  at  home ;  the  use  of  fruits,  then,  is  of  great  import- 
ance, and,  whenever  practicable,  the  growth  of  fruit  trees  should  be  encouraged 
in  the  neighbourhood  of  stations.  In  some  stations  (Mooltan)  lime  juice  has 
been  issued  with  the  greatest  benefit  when  vegetables  were  scarce. 

Health  of  the  Troops. 

India  presents  in  many  respects  the  same  history  as  our  other  tropical 
possessions.  In  former  years  there  was  a  large  mortality  among  Europeans, 
attributed  usually  to  the  climate,  instead  of  being  put  down  to  its  proper 
causes,  viz.,  a  reckless  mode  of  living  amidst  the  most  insanitary  conditions. 
As  years  have  passed,  the  same  gradual  improvement  has  occurred  in  India 
as  in  the  "West  Indies.  Habits  have  improved,  and  the  conditions  of  life 
have  been  slowly  altered  for  the  better.  This  change  has  been  going  on 
for  years,  and  there  has  been  an  astonishing  progress  since  the  mutiny. 
Much,  no  doubt,  remains  to  be  done,  but  the  fall  in  mortality  and  in  sickness 
has  been  so  marked  in  all  the  Presidencies,  as  to  lead  us  to  hope  that  in  a  few 
more  years  the  Indian  service  will,  Hke  the  West  Indian,  be  almost  as  healthy 
as  the  home  service.  It  may  seem  rash  to  anticipate  such  a  result,  but  an 
improvement  as  great  has  already  taken  place,  for  the  mortahty  even  now 
has  fallen  one-half,  compared  with  that  of  thirty  years  ago. 

The  following  table  shows  this: — 

Earlier  Years. — Mortality  of  Europeans  per  1000  of  Strength. 


Years  and  A.uthorities.2 

Bengal 
Presidency. 

Bombay 
Presidency. 

Madras 
Prc^idency. 

1845-54  (Chevers), 

1838-56  (Queen's  troops  alone— 

Balfour),  

1806-56  (Company's  troops  alone 

—Indian     Sfinitary     Commis-  ^ 

63-38 
79-20 

74-10 

60-  20 

61-  10 

66-00 

59-20 

62-  90 

63-  50 

siouers),   .       .       •       •  • 

1  The  drinks  wliich  the  private  soldier  oiten  ouys  in  lue  ua-oaiUMu  ^uu.c.  a.  o     ....  ..  v^.o. 

description  :  arrack  mixed  with  cayenne  and  other  pungent  substances,  or  fermented  toddy 
mTxed  with  peppers  and  narcotics,  or  drugged  beer,  are  common  drinks.  It  would  be  easy  to 
put  a  stop  to  this  by  legislative  enactment. 

2  The  chief  statistics  of  the  forces  in  India  are  contained  m—      .       ,  . 

1  Numerous  scattered  papers  in  the  various  Indian  medical  periodicals  for  the  last  forty 
years:  rSing  chiefly  to  the  health  of  one  presidency  or  of  regiments  or  forces  occupyuig  small- 

"^'f  'summaries  of  the  whole,  by  Colonel  Sykes  (for  twenty  years  ending  im,  S'atMical 
Jo^m^r  vT  n  -  Sir  Ran^  Martin  {Inkence  of  TroprcaiClumtes  2nd  edition);  Mr. 
iZTlvZi  sit  isles  ofJ'Juropean  and  Native  Armies,  1859  ;  Drs  Waring  and  Normau 
c'vti  (]S«r^^^  1858-f862) ;  and  as^ar  as  ofcc^s        "vi^^^^^^      concerned,  by 

Colonel  Henderson  (Asiatic  Researches,  vol  xx  ),  and  Mr.  ^"gl  .Ma^^^^^^ 

3.  Official  documents,  the  most  important  of  w  uch  are 
Jleport;  in  the  yearly  Armj/  Medical  Department  Reports  «  "f  .^f  ^  ,  m  the  ^ar  m 
<^f  ths  Sanitary  Commissioners  in  the  three  Presuleiicies,  in  the     V'^,^"^^/,^  .^^^^^^ 
Dr.  Bryden,  ai(d  in  the  Municipal  and  other  Oihcia  l\«Ports  sent  n  fr^^ 
At  present  the  most  valuable  information  is  being  collected  and  published  m  India  of  ttie  healtu 
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In  1812-16,  in  the  Bengal  Presidency,  the  deaths  averaged  96-5  per  1000; 
in  the  Bombay  Presidency,  in  1819-20,  the  deaths  were  80  per  1000. 

The  above  mean  mortality  includes  every  loss;  in  some  years  it  was  ot 
course,  greater,  in  some  less;  but  on  the  whole  large  every  year,  with  a  few 
exceptions,  till  the  year  1856.  After  the  mutiny,  about  the  year  1860  the 
sanitary  improvements  and  the  greater  care  of  the  troops  which  had  been 
gradually  taking  place  received  an  immense  impulse.  The  results  are  shown, 
below. 

Later  Years. — Mortality  of  Europeans  per  1000  of  Strength. 


Years  and  Authorities. 

Bengal 
Presidency. 

Madras 
Presidency. 

Bombay 
Presidency. 

Total 
Mortality. 

.  Total 
Mortality. 

Total 
Mortality. 

1860-9  (10  years— Balfour),  . 
1870-79(10  jQS.-s:5—A.M.D.  Meporis),' 
1880,^  

31-27 
20-17 
29-26 

22-53 
18-97 
10-51 

22-58 
16-37 
25-10 

Causes  of  Sickness  and  Death. 
The  causes  of  diseases  and  deaths  of  Europeans  are  given  in  the  following 
table. 2    During  the  period  of  ten  years  there  was  a  good  deal  of  cholera  in 
the  years  1872  and  1875,  1876,  1878,  1879,  as  well  as  in  1880. 

Admissions  and  Deaths  per  1000  of  Strength. 


Bengal. 

Madras. 

Bombay. 

Causes. 

1870- 

-79. 

1880. 

1870- 

-79. 

1880. 

1870 

-79. 

1880. 

Adm. 

Died. 

Adm. 

Died. 

Adm. 

Died. 

Adm. 

Died. 

Adm. 

Died. 

Adm 

Died. 

Cholera, 

6-3 

3-2 

6-8 

4-9 

3-6 

1-5 

0 

-1 

0-1 

2-1 

1-5 

Paroxysmalfevers 

453-8 

1-3 

645-2 

2-5 

119-5 

0-3 

346 

•6 

0-3 

546-2 

1-0 

975 

-4 

3-5 

Continued  fevers 

164-1 

2-4 

160-6 

3-5 

132-8 

1-6 

104 

-0 

1-2 

132-8 

1-9 

148 

-9 

4-0 

Eruptive  fevers  \ 

(including  > 

3-7 

0-1 

0-6 

... 

1-2 

0-1 

0 

8 

1-4 

0-05 

1 

-0 

0-1 

Dengue),     .  ) 

Rheumatism, 

49-4 

0-02 

39-5 

0-03 

35-5 

0-03 

31 

-8 

39-1 

0-05 

39 

-4 

0-3 

Syphilis, 

90-8 

0-11 

121  1 

105-7 

0-15 

132 

•9 

o-'i 

89-1 

0-08 

115 

-2 

0-1 

Phthisis,  Scro-  ) 
fula,  &c.,    .  \ 

9-0 

1-6 

7-5 

1-8 

10-5 

1-6 

7 

-3 

0-9 

8-3 

1-55 

6 

•7 

1-5 

Respiratory,  . 

58-3 

1-1 

51-1 

2-1 

42-0 

0-5 

35 

-0 

0-7 

42-6 

0-1 

58 

-0 

2-3 

Circulatory,  . 

20-0 

1-3 

14-6 

0-8 

18-9 

1-7 

17 

•8 

1-2 

13-5 

1-0 

12 

-2 

0-6 

Nervous, 

20-1 

2-2 

21-9 

3-8 

18-6 

2-0 

15 

0 

1-6 

15-9 

2-1 

14 

9 

4-0 

Eye,      .  . 

20-6 

16-3 

18-2 

16 

•1 

20-7 

16 

7 

Digestive, 

235-1 

5'-'4 

256-2 

6-'2 

328-5 

6-'i 

231 

-3 

2-8 

220-2 

3-'8 

266 

-0 

5-1 

Urinary, 

118-2 

0-3 

136-8 

0-2 

88-5 

0-2 

131 

•3 

0-1 

98-2 

0-2 

131 

■0 

0-5 

Injuries     and  } 
poisons,      .  \ 

96-0 

1-6 

92-1 

3-0 

104-0 

2-1 

98 

-8 

1-4 

99-6 

1-8 

110 

3 

2-4 

All  other  causes, 

94-5 

0-3 

192-7 

0-4 

195-2 

1-0 

201 

-2 

0-1 

172-7 

1-1 

222 

2 

0-8 

Total, 

1439-9 

25-0 

1763-0 

29-2 

1226-9 

18-9 

1370 

•0 

10-5 

1503  -4 

16-0 

2117 

-9 

-25-1 

not  only  of  the  European  and  native  armies,  but  of  the  civil  population  ;  and  records  of  popu- 
lation and  of  births  and  deaths  are  now  systematically  made.  For  the  first  time  the  Indian 
Government  is  gradually  obtaining  a  view  of  the  state  of  health  of  the  numerous  nations  it 
controls. 

The  Reports  from  Bengal  {Annual  Reports  of  the  Sanitary  Commissioner  with  the  Govern- 
ment of  Iiulia)  and  those  from  Madras  and  Bombay  are  models  of  their  kind,  and  must  have  a 
gi-eat  effect  on  the  health  of  the  inhabitants  of  all  India.  Tlie  information  given  in  these  excel- 
lent Reports  is  so  copious,  that  it  is  impossible  to  give  any  adequate  accoimt  of  it  in  this  short 
chapter.    Only  the  most  striking  points  are  noticed. 

^  Including  deaths  of  Invalids. 

2  A  rmy  Medical  Reports,  vol.  xii.  to  xxii. 
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The  following  table  shows  the  distribution  of  mortality  according  to  age:  

Deaths  par  1000  of  Strength  at  the  Ages  named. 


All  India. 

Under  20 
years. 

20  and 
under  2.'). 

25  and 
under  30. 

30  and 
under  35. 

35  and 
under  40. 

40  and 
upwards. 

1860-9  (10  years— Balfour), 
1870-9  (10  years),  . 
1880,  .... 

9-2.5 
6-65 
10-59 

17-59 
14-79 
23-17 

24-63 
16-95 
21-70 

34-17 
2214 
26-56 

44-13 
28-17 
25-59 

60-88 
52-01 
45-50 

If  these  numbers  are  compared  with  those  of  men  serving  at  home,  it  will 
be  seen  that  the  mortality  at  every  period  is  greater  in  India.  If  the  average 
for  the  corresponding  years  in  England  be  multiplied  by  three,  the  result 
comes  close  to  the  average  Indian  numbers  in  the  earlier  years,  although  the 
proportion  is  not  quite  the  same  in  the  later.  In  the  period  1870-79  the 
ratio  between  the  ages  20-30  is  nearly  three  times  the  home  ratio,  wdiilst  in 
1880  it  was  about  four  times.  At  the  ages  above  30  the  rate  in  India  is 
distinctly  diminishing. 

These  facts  are  an  argument  against  the  view  that  age,  per  se,  increases 
the  total  mortality  faster  than  it  does  at  home  ;  and  the  statistics  of  officers 
confirm  the  inference  drawn  from  the  argument.  The  mortality  of  the 
members  of  the  Military  and  Medical  Funds  in  Madras  and  Bengal  has  been 
carefully  determined  by  actuaries,  and  the  following  table  proves  that 
mortality  among  officers  does  not  increase  with  age  in  anything  like  the  pro- 
portion it  does  among  non-commissioned  officers  and  privates.  The  large 
mortality  in  the  earlier  ages  is  owing  to  the  statistics  running  back  to  long 
periods,  when  the  deaths  were  more  numerous. 

Mortality  in  Officers  {in  Service  Fund)  according  to  Age,^  per  1000  of 

respective  Ages. 


Under  20. 

20-25. 

25-30. 

30-35. 

35-40. 

40-45. 

Madras  Military  Fund,  ) 
1808-1857  .       .  •) 

Bengal  Military  Fund,  . 

Madras  Medical  Fund,  ) 
1807-1866,        .       .  S 

29 
12 

32-6 
22-3 
14-2 

31-6 
24-5 
35-1 

32 

27-5 

34-1 

29-4 

29 

33-4 

28-4 
28-9 
34-1 

The  mortality  among  officers  of  30  to  35  years  of  age  was,  therefore,  nearly 
the  same  as  among  privates,  but  at  35  to  45  it  was  very  much  less  Mere 
climatic  conditions,  acting  more  and  more  as  age  advances,  can  therefore  not 
account  for  the  greater  mortality  of  the  private  soldier,  for  they  would  act 
equally  on  the  officer.  No  doubt  the  officer  had  a  more  frequent  furlough  te 
Pno-land-  but  would  this  be  capable  of  giving  him  such  an  advantage? 
We°  must  conclude  that  other  conditions  apart  from,  or  at  any  rate 
superadded  to,  climate,  must  give  rise  to  the  large  mortahty  of  the  private 

soldiers.  .  ^   «  • 

Mortality  according  to  Service. 

The  question  can  be  further  considered  by  taking  into  account  the  effect  of 
service  The  foUowing  table  from  Dr.  Bryden  shows  the  effect  of  service  for 
three  years  at  the  different  ages  :—  

1  Copied  from  tlie  Report  M  1871  of  the  Sanitary  Commissioner  (Dr.  Cornish) /or  Madras. 
1872,  p.  7. 
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Death-rate  per  1000  in  the  European  Army  of  Bengal,  excluding  Cholera. 


Under  20  years. 
.  of  age. 

20-24. 

25-29. 

30  and  over. 

Whole  army  of  1865-70, 
First  year  of  service, 
Second  year  of  service,  . 
Third  year  of  service, 

7-61 
12-93 
3-95 
2-87 

13-67 
24-87 
15-84 
9-92 

17-41 
39-32 
23-08 
17-64 

29-94 
47-08 
35-61 
27-77 

This  table  brings  out  very  forcibly  the  great  mortality  of  the  first  year  of 
service  at  all  ages ;  the  older  men  suffer  as  much  as  the  younger ;  the 
mortality  falls  during  the  second  year  of  service,  and  in  the  thh'd  is  below 
the  mean  mortality  of  the  army  at  large.  To  determine  how  far  this  is 
owing  to  climate,  we  must  analyse  the  causes  of  this  mortality.  The  careful 
statistics  of  Dr.  Bryden  enable  us  to  answer  this  point  with  some  accuracy.  ^ 

Deaths  in  the  first  Two  Years  of  Indian  Service  and  the  Death-rates  at 

different  Ages  (1871-75).2 


Died  per  1000  of  Strength  in  the  Biennial  Period. 


Causes  of  Death. 

Under  24.3 

25-29. 

30-34. 

35  and 
upwards. 

Cholera,  .... 

5-34 

5-87 

4-77 

13-86 

Remittent  and  continued  fevers. 

2-10 

3-84 

1-27 

3-73 

Enteric  fever,  .... 

9-77 

10-16 

1-59 

-53 

Apoplexy  .... 

2-11 

2-71 

4-77 

12-26 

Dysentery  and  diarrhcea, 

1-80 

3-39 

3-82 

11-20 

Hepatitis,  .... 

1-88 

5-42 

4-45 

12-26 

Phthisis  pulmonalis. 

210 

1-58 

3-82 

8-53 

Heart  diseases, 

•15 

2-26 

3-82 

9-06 

All  other  causes, 

6-00 

7-00 

8-27 

22-39 

All  causes,  .... 
All  causes,  excluding  cholera, 

31-25 
25-91 

42-23 
36-36 

36-58 
31-81 

93-82 
79-96 

100  Deaths  made  up  at  different  Periods  of  Residence  in  India  (1871-76.)* 


Disease. 


Enteric  fever. 
Hepatitis, 
Heat-apoplexy, 
Phthisis, 
Dysentery, 
Other  fevers,  . 
Heart  disease, 
Respiratory  diseases. 
Suicidal  deaths. 
All  other  causes  (excluding 

cholera,  smallpox,  and 

accidents),  , 


Total, 


1st  Year. 

2nd  Year. 

In  first  f  oui- 
Years. 

5th,  eth 
and  7th 
Years. 

Above  the 
7th  Year. 

32-9 

16-8 

22-2 

5-2 

0-9 

10-1 

17-6 

14-0 

18-9 

16-0 

12-7 

9-7 

11-8 

11-9 

10-3 

7-7 

10-9 

9-0 

8-1 

8-2 

9-6 

10-4 

9-0 

10-1 

13-3 

8-9 

8-3 

7-8 

7-3 

6-0 

5-3 

7-5 

5-8 

11-2 

16-2 

4-1 

4-1 

4-4 

5-9 

6-8 

1-2 

3-7 

2-1 

6-1 

5-2 

7-5 

11-0 

13-9 

15-3 

17-1 

100 

100 

100 

100 

100 

Above  the 
lOtli  Year. 


0-5 
15-7 

9-5 
7-8 

13-7 
4-6 

17-6 
6-6 
6-1 


17-9 


100 


^<^n£FWSi&&:^?^^  and  for  1871,  p.  213  ; 

Sanitary  Commissioner  with  the  Goverm  exft     InSi.f  Z'^Z  ^^T'^' 

Statistics  of  the  Bengal  Presidency,  1870  and  1878)  aJJso  ,  nrh  n  nl^  *^ 
that  they  have  rendered  obsolete  ail  the  older  records     D   ?  Wl X  swffi^^  ""l^- 
the  Madras  Sanitary  Reports  are  also  most  valuable.        '  ^l-atistics  as  contained  in 

2  Vital  Statistics  of  India  (Bryden),  1878,  vol.  v.  p  56 
'  The  number  of  soldiers  under  20  is  now  very  smali  littln  r>vf.v  9  r,^,.  „  4. 
^  From  Brydeu's  Vital  Slatisiics  of  India,  vol.  v.  1878  ^^"^ 

2  u 
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These  tables  are  instructive  on  several  points  : — 

1 .  As  regards  Fever :  the  most  serious  mortality  is  from  enteric  fever, 
which  attacks  the  young  soldier,  especially  in  his  earliest  term  of  service. 
The  mean  mortality  below  30  years  of  age  is,  in  round  numbers,  10  per  1000 
of  strength,  from  30  to  35  less  than  one-sixth  of  that  proportion,  and  above 
35  only  one-thirtieth.  With  reference  to  length  of  service,  the  first  year  in 
India  shoAVs  that  about  33  per  cent,  of  the  total  deaths  are  due  to  enteric 
fever,  and  in  the  first /om*  years  22  per  cent.  ;  from  the  fifth  to  the  seventh 
the  proportion  is  reduced  to  5  per  cent.,  whilst  after  7  years  it  is  merely 
fractional.    The  other  fevers  show  much  less  difference. 

2.  Heat- Apoplexy. — This  formidable  disease  is  most  severe  in  the  earlier 
years,  and  attacks  especially  the  old  soldier  :  the  mortality  above  35  years  of 
age  is  12|  per  1000,  dx  times  the  ratio  below  24,  and  five  times  that 
below  30. 

3.  Dysenterij  and  diarrhoea  are  more  fatal  to  old  soldiers,  and  in  the  later 
years  of  service. 

4.  The  same  is  very  markedly  the  case  with  hepatitis,  which  is  markedly 
a  disease  of  deterioration. 

5.  Phthisis  is  rather  more  fatal  in  the  earliest  years  of  service,  but  (in  the 
period  1871-75)  shows  most  mortality  among  the  older  soldiers.  This, 
however,  does  not  appear  to  be  uniformly  the  case,  if  we  compare  previous 
years. 

6.  Heart  diseases  show,  as  might  be  expected,  an  increasing  mortahty 
with  age  and  length  of  residence  in  India. 

The  most  dangerous  disease,  therefore,  which  young  newly-arrived 
soldiers  have  to  face  in  India  is  (putting  aside  cholera  for  the  present) 
eiiteric  fever;  next  to  that,  but  at  a  considerable  distance,  dysentery  and 
diarrhoia.  These  diseases,  but  most  especially  enteric  fever,  are  so  com- 
pletely under  the  control  of  sanitary  measures  that  their  continuance  is  a  slur 
upon  the  application  of  our  sanitary  knowledge.  There  is  no  reason  to 
believe  that  proper  preventive  means  should  be  less  successful  m  India  than 
at  home.  For  old  soldiers,  that  is,  men  over  30  years  of  age,  newly  arrived 
in  India,  the  diseases  to  be  feared  are  heat-apoplexij,  dysentery,  hepatitis,  and 
heart  disease,  aU  diseases  of  deterioration,  and  favoured  and  aggravated  by 
intemperate  habits.  With  careful  medical  selection  of  men  much  might  be 
prevented,  and  hygienic  precautions,  such  as  free  ventilation  against  heat- 
apoplexy,  might  do  a  great  deal  towards  a  diminution  of  the  mortality.  J3iit 
drinking  habits  are  the  most  dangerous  enemy  the  soldier  particularly  as  he 
advances  in  years,  has  to  contend  with.  The  abolition  of  the  sale  of  spirits 
to  European  soldiers,  either  in  canteens  or  elsewhere,  would  be  a  great 

^'^TrolpT'should  be  stationed  in  the  hills  as  much  as  possible,  so  as  to 
remove  them  from  the  influences  of  excessive  heat,  malaria,  and  choleraic 
poTson  and  also  it  might  be  hoped  to  some  extent  from  enteric  fevers 
More  efforts  ought  to  be  made  to  provide  employment  and  recreation  for  the 
iroops  who  suffer  greatly  from  enforced  idleness,  ennui,  and  the  foul  air  of 
their  Wck  rooms,  to  which  they  are  still  too 

exposure  to  the  sun.    Undue  exposure  is  unadvisable,  but  it  may  be  sateiy 
LTthat  its  consequences  are  smaller  evils  than  those  undoubtedly  arism 
from  the  mistaken  steps  taken  for  their  prevention.  ^unnecessary 
The  men  ought  also  to  be  spared  as  much  as  possible  from  unnecessary 

rc'gSds  age  of  arrival  in  India,  men  cannot  now  be  sent  out  under  20 
years  of  age,  for,  as  they  are  not  taken  into  the  army  befoie  19,  their 
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preliminary  training  will  not  be  over  before  that  age  :  there  is  also  now  an 
order  against  it.  Above  that  age  the  younger  they  go  the  better.  For  the 
first  years,  if  protected  from  enteric  fever,  cholera,  and  dysentery  (which  is 
quite  possible),  their  health  will  be  as  good,  if  not  better,  than  at  home.  It 
seems  pretty  clear,  on  the  other  hand,  that  men  ought  not  to  remain  beyond 
30  years  of  age,  if  possible,  unless  they  are  non-commissioned  officers : 
the  best  period  would  appear  to  be  between  21  and  28  years.  After  30 
years  of  age  the  private  soldier  is  an  old  man  in  India  (Bryden,  Koberts),  and 
this  is  partly  due  to  the  work  he  has  had  to  do  (particularly  night  guards — 
Eoberts),  but  also  very  largely  to  habits  of  drinking.  When  we  find,  as  in 
the  army  of  Bengal,  30,000  men  yielding  10,000  cases  of  drunkenness  in  the 
year,  we  cannot  but  consider  it  a  deplorable  condition  of  things,  knowing  as 
we  do  what  a  large  amount  of  unrecorded  excess  this  represents. 

Cholera  in  the  Bengal  Presidency} 

During  fifty  years  (from  1818  to  1867)  the  mean  annual  mortality  from 
cholera  per  1000  of  European  strength  in  Bengal  was  no  less  than  9*4.  It 
was  the  great  cause  of  variation  in  the  percentage  of  mortality  from  year  to 
year.  The  cholera  mortality  was  not  owing,  as  might  have  been  supposed, 
to  service  in  the  stations  in  Bengal  proper  (the  so-called  endemic  home  of 
cholera),  for  the  mean  mortality  in  Bengal  proper  was  below  that  of  the 
Punjab,  where  cholera  is  occasional,  i.e.,  prevails  only  at  certain  seasons  and 
in  certain  years.  If  we  compare  Bengal  proper  with  two  other  military  dis- 
tricts, Agra  (with  Central  India),  and  the  Punjab,  two  facts  come  out  very 
clearly — (1)  That  in  Bengal  proper  the  mortality  is  more  steady,  but  on  an 
average  of  years  is  lower  than  in  the  other  two  districts,  where  the  mean 
mortality  is  heightened  by  occasional  tremendous  outbreaks  unknown  in 
cholera's  endemic  home ;  (2)  That  in  Bengal  proper  the  Sepoy  mortality  is 
higher  than  in  Europeans,  while  in  the  other  stations  it  is  much  lower.  2 

Tahle  to  show  the  Mortality  from  Cholera  per  1000  of  Strength  in  Europeans 

and  Sepoys. 


Year. 


1861, 
1862, 
1863, 
1864, 
1865, 
1866, 
1867, 
1868, 
1869, 
1870, 
1871, 
1872, 
1873, 
1874, 
1875, 
1876, 


Means, 


Bengal  Proper. 

Agra  and  Central  India. 

Punjab. 

European. 

Sepoys. 

European. 

Sepoys. 

European. 

Sepoys. 

6-51 

6-38 

41-21 

•25 

36^10 

6-88 

611 

5-44 

26-90 

1^3 

12^74 

3-99 

3-17 

4-25 

3^82 

•4 

•13 

-90 

2-50 

6-40 

•62 

•06 

-09 

6-40 

9-20 

7-20 

3^1 

•14 

1-90 

7  03 

•23 

2-50 

3^50 

3^30 

•9 

20'70 

3-9 

5-34 

2^51 

3-36 

•16 

•53 

4  43 

30-18 

7-25 

16  •86 

7  •33 

1-00 

3^03 

•47 

•51 

1"25 

•24 

1-01 

2^70 

4^75 

13 -8  6 

2-80 

•53 

2-76 

•97 

1^05 

•50 

4-74 

•26 

•09 

•07 

2-49 

2-76 

5-57 

1-57 

2^27 

r5o 

2^01 

•25 

4-48 

1^80 

2-12 

4^27 

7-46 

1^01 

5-63 

1^83 

1  The  statistics  referred  to  in  this  section  are  those  given  by  Brvden  in  hiq  vnlnn!.!^  t> 
mtal  Statics  of  the  Bengal  Presidency,  1870  and  fcs),  aL Xpendi^  fmm^ 
nam  s  Annual  Report.  -  '^'"ung- 

»  It  has  been  wrongly  stated  that  the  excessive  mortality  from  cholera  of  Europeans  in  the 
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This  table  is  most  instructive,  and  proves  "beyond  doubt  that  while 
cholera  has  never  (until  lately)  been  absent  from  Europeans  in  Bengal 
proper  ^  (the  endemic  home),  it  has  never  attained  the  destructive  prevalence 
which  occurs  in  Central  India  and  the  Punjab,  where  it  is  sometimes  entirely 
absent  for  years,  and  yet  the  severity  of  the  outbreak,  when  it  does  occui', 
makes  the  mean  Punjab  and  Central  India  cholera  mortaUty  of  sixteen  years 
far  greater  than  the  cholera  mortality  of  Bengal  proper. 

Among  Sepoys  the  mortality  in  Bengal  proper  is  actually  greater  than  in 
Europeans,  while  it  is  far  less  in  the  Upper  Provinces,  and  in  some  outbreaks 
(as  in  Central  India  in  1861)  the  Europeans  have  suffered  frightfully,  while 
the  Sepoys  have  been  scarcely  touched. 

What,  then,  is  the  cause  that  while  in  Bengal  proper,  where  the  conditions 
of^holera  always  exist,  the  mortality  should  be  comparatively  low,  there 
should  be  such  terrible  outbreaks  in  up-country  stations  where  cholera  is  only 
a  visitor,  and  why  should  these  outbreaks  affect  the  Europeans  so  particularly  ] 
To  answer  this  question  we  may  select  a  few  of  the  worst  stations  in  Upper 
India,  and  see  what  the  mortality  was  in  the  epidemics  of  1861-2-7-9-72-5-6. 


Mortality  per  1000  of  European  Strength  in  different  Epidemics. 


1861. 

1862. 

1SG7. 

1869. 

1872. 

1875. 

1876. 

Meerut,  . 
Mean  Meer, 
Peshawiir, 
Agra, 
Morar, 

34-32 
245-63 

56-56 
137-43 

15-70 

49-93 

49-24 

42-5 

37-25 

70-30 
50-49 
92-93 

11-52 

7-04 
120-14 
82-89 

32-62 
86-87 
21-53 
15-57 
17-05 

7-35 
1-90 

17-05 

... 

23-06 

This  table  shows  that  the  outbreaks  are  very  variable  in  intensity;  a  station 
may  be  quite  free  from  cholera  in  one  epidemic  and  suffer  frightfully  in 
another.  In  Agra,  in  1861-62,  there  were  seven  outbreaks;  in  1867  and 
1869  there  was  no  case,  though  the  disease  was  all  round. 

If  we  analyse  the  station  statistics  themselves,  the  remarkable  fact  comes 
out  that  some  of  the  severest  outbreaks  involved  only  a  portion  of  the 
Europeans. 

At  Meerut,  in  1867,  while  the  3rd  Buffs  were  literally  more  than  decimated, 
the  Hussars  and  Sepoys  were  as  healthy  as  if  they  had  been  in  England. 

These  facts  show  that  the  hypothesis  of  an  epidemic  influence  produced 
by  something  floating  in  the  air  is  incredible,  and  for  such  a  partial  distribu- 
tion as  is  shown  above  would  be  impossible.  If  these  figures  prove  anything, 
it  is  that  the  causes  of  the  tremendous  loss  in  these  stations  is  not  a  generally 
diffused  cause,  but  a  well-marked  local  development,  having  narrow  hmit?, 
and  sometimes  involving  only  a  single  barrack. 

The  figures  also  show  that  the  supposition  that  the  difference  m  mortality 
between ''the  Europeans  and  Sepoys  is  owing  to  difference  of  social  habits 
(especially  as  regards  latrine  arrangements)  is  unlikely,  for  different  bodu  s 


Bengal  Presidency  is  an  effect  of  race  ;  tlie  .statistics  of  Bengal  proper  (as  sbo\ra  in  the  next 
tablerand  of  the  Madras  Presidency  entirely  disprove  this.  In  the  Madras  Presidency  n. 
1860  ertheaZlal  European  cholera  mortality  was  3-1  per  1000  of  strength,  and  the  Sepoy 
mortality  was  3-07,  or  virtually  the  same.  .         ,     i  n 

1  SincI  1876  the  ratio  of  deaths  irom  cholera  among  European  troops  has  been  very  small 
in  the  Presidency  division  (including  Bengal  proper)  •— 


1878,  Sil  " 

1879,  

1880,   


nil. 
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of  Europeans  in  the  same  station  suifer  as  diversely  as  Europeans  and 
Sepoys. 

The  localising  conditions,  which  give  the  intense  spread  to  what  is,  no 
doubt,  an  imported  agent, must  be  referable  to  either  soil,  water,  air,  or  food.; 
Faulty  latrine  arrangements,  if  they  exist,  must  act  through  one  or  other  of 
these  media,  poisoning  the  ground,  or  air,  or  water.  The  inquiry  into  the 
local  spread  of  cholera,  if  concentrated  on  the  locality,  and  carried  to  the  ex- 
haustion of  every  possible  factor,  must  surely  solve  this  problem.  It  is  as  in 
typhoid  fever  at  home,  where  everything  often  seems  a  mystery  until  a 
minute  search  is  made,  and  then  what  seemed  inexplicable  is  found  to  be 
simple. 

But,  without  waiting  for  the  solution  of  the  cause  of  these  localisations  of 
cholera,  the  fact  of  the  localisation  points  out  preventive  measures  which,  as 
a  matter  of  reasonable  precaution,  ought  to  be  taken  in  every  barrack  in 
Upper  India  where  these  great  outbreaks  have  occurred.  These  measures 
should  be  adopted  on  the  ground  of  removing  every  possible  local  cause, 
even  though  the  particular  precaution  may  not  have  been  proved  to  be 
necessary. 

1.  The  influence  of  the  ground  should  be  excluded  by  the  most  thorough 
paving  and  cementing  everywhere,  and  by  careful  examination  and  cleansing 
under  every  floor.  When  possible  ground  floors  should  not  be  occupied  as 
sleeping  rooms. 

2.  A  fresh  water  supply  should  be  obtained  at  any  cost,  be  from  an  un- 
doubted source,  and  be  kept  solely  for  the  use  of  the  barrack.  During  an 
epidemic  all  water  should  be  boiled  before  use,  or,  better  still,  distilled. 

3.  The  cooking  arrangements  should  be  entirely  remodelled,  and  the  supply 
of  every  article  of  food  carefully  considered. 

4.  The  latrine  arrangements  should  be  remodelled,  the  places  changed,  and 
the  system  at  every  point  scrutinised  to  see  if  soil,  air,  or  water  can  in  any 
way  be  contaminated  by  percolation  or  emanation. 

If,  after  adopting  these  measures,  and  carrying  them  out  fairly  in  their  in- 
tegrity, an  outbreak  still  occurs,  this  cannot  throw  doubt  on  the  correctness 
of  the  view  which  attaches  so  much  weight  to  localisation;  it  will  only  show 
that  we  have  not  solved  the  problem  of  the  localising  agency,  and  if  no  other 
local  sanitary  measures  can  be  adopted  the  barrack  should  altogether  be 
abandoned.    But  this  will  hardly  be  found  to  be  necessary. 

With  regard  to  Mean  Meer,  which  has  sufiered  so  severely  and  so  often 
from  cholera,  it  is  a  very  important  fact  that  enteric  fever  has  from  time  to 
time  prevailed  at  that  station,  as  in  1860-69-70.  In  the  two  latter  years  a 
careful  examination  of  the  water  supply  was  made  by  Surgeon-Major  Skeen, 
of  the  85th  Eegiment,  who  formerly  gave  evidence  on  the  point,  that  in  both 
these  years  the  water  was  the  medium  of  introduction.  The  fact  of  typhoid 
fever  being  thus  introduced  by  well  water  (temporarily  used  in  the  absence 
of  canal  water),  the  chemical  analysis  showing  faecal  impregnation  of  this 
well  water,  and  the  existence  of  sources  of  fsecal  contamination  of  water,  all 
seem  strongly  to  indicate  that  cholera  evacuations  would  also,  in  all  proba- 
bility, pass  into  the  water,  and  might  account  for  the  fearful  outbreaks  at 
Mean  Meer.  At  any  rate,  there  can  be  no  doubt  that  means  should  be  taken 
to  entirely  close  the  wells,  which  are  occasionally  used,  and  if  the  canal  water 
which  is  ordinarily  used  does  not  give  a  sufficient  supply  at  all  times  of  the 
year,  that  a  fresh  source  should  be  brought  down  at  any  cost.  The  stronf^ 
facts  given  by  Dr.  De  Eenzy  respecting  Peshawur  prove  that  the  same 
course  should  be  adopted  in  that  station.  These  measures  are  imperatively 
demanded  as  a  matter  of  precaution,  and  no  theoretical  arguments  that  the 
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water  is  not  to  blame  ought  to  be  allowed  to  override  them.  The  diminution 
of  cholera  at  Calcutta  among  Europeans  since  the  introduction  of  a  pure 
water  supply  and  improved  drainage  is  very  encouraging  for  the  strenuous 
application  of  local  measures. 

Phthisis  in  India. 

The  amount  of  phthisis  in  India  is  a  highly  interesting  question,  and  in 
the  following  table  the  admissions,  deaths,  and  invaliding  from  this  cause  are 
given  for  successive  periods  : — 


Phthisis,  including  Hcemoptysis,  per  1000  of  Strength. 


Admissions. 

Deaths. 

Invalided.  1 

<fc  Invalided.' 

4  years— (1863-66),  . 

7-5 

1-71 

2-73 

4-44 

4  years— (1867-70),  . 

10-1 

1-75 

3-64 

5-39 

6  years— (1869-74),  . 

10-1 

1-87 

6  years— (1875-80),  . 

7-8 

1-48 

Bombay. 

4  years— (1863-66),  . 

7-7 

1-52 

3-28 

4-81 

4  years— (1867-70),  . 

9-2 

1-23 

3-58 

4-81 

6  years— (1869-74),  . 

10-0 

1-67 

6  years— (1875-80),  . 

6-7 

1-25 

Madras. 

4  years— (1863-66),  . 
4  years— (1867-70),  . 

11-5 

1-46 

3-66 

5-11 

11-9 

1-34 

4-74 

6-07 

6  years— (1869-74),  . 

13-0 

1-62 

6  years— (1875-80),  . 

8-1 

1-37 

Means,  18  years  (1863-80),  . 

Bengal,  .... 

8-7 

1-68 

2-97 

4-64 

Bombay,  .... 

8-2 

1-40 

3-74 

5-08 

Madras,  .... 

10-8 

1-44 

3-73 

5-02 

How  regularly  the  causes  of  phthisis  must  be  acting,  is  seen  in  the  fact 
that  in  four  years,  1863-66,  74  men  died  from  phthisis  in  the  Bombay- 
Presidency,  and  73  in  the  Madras  Presidency,  the  mean  number  of  troops 
being  in  each  case  almost  precisely  the  same  (12,119  and  12,512).  In  the 
next  four  years,  with  a  smaller  number  of  troops,  53  and  55  died  in  the  two 
Presidencies.  The  means  of  deaths  (for  18  years)  and  invaliding  (12  years)_ 
are  practically  identical  for  Madras  and  Bombay  as  shown  above.  In  the 
Bengal  Presidency  the  deaths  are  higher,  but  the  invaliding  is  less,  so  that 
the  slight  difference  is  compensated.  More  men  died,  and  fewer  were  sent 
away. 

The  table  seems  to  show  clearly  that  the  immense  range  and  variation  of 
climates  in  which  the  troops  serve  in  India,  produce  no  effect  whatever  on 
the  production  of  phthisis ;  and  this  inference  is  again  strengthened  by  the 
fact  that  the  mortality  in  Bengal  from  phthisis  is  precisely  the  same  as  in 
Canada  (1-71  per  1000).  The  means  for  12  years  (1869-1880)  were— Bengal, 
1-37;  all  India,  1-30;  Canada,  1-37. 

If  the  Indian  mortality  and  invaliding  are  compared  with  the  table  already 
given  of  phthisis  in  the"  home  army,  it  will  be  seen  that  there  is  decidedly 
less  phthisis  in  India.  The  mortality  is  less,  and  the  invaliding  is  far  below. 
There  can  be  no  doubt,  then,  that  the  causes  of  phthisis  are  less  active  in 
India  than  at  home ;  and  if  these  causes  are  not  climatic,  must  the  difference 
not  be  found  in  the  larger  breathing  space  and  greater  lateral  separation  men 
have  in  India  % 


1  1871-4  and  1877-8  omitted. 
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It  would  be  interesting  to  have  some  certain  statistics  of  the  amount  of 
phthisis  in  former  years,  when  men  were  more  crowded ;  Ewart^  gives  ^^^^ 
deaths  in  the  Bengal  Presidency,  from  1812  to  1831  as  2-6  per  1000  of 
strength,  and  from'  1832  to  1851-52,  as  I'S  per  000  In  f  e  Bo^W 
Presidency,  from  1803  to  1827,  they  were  I'G,  and  from  1828  to  1852,  1  4 
per  1000  Ewart  think  this  indicates  a  large  decrease,  but  doubts  whethei 
this  may  not  be  owing  to  more  accurate  diagnosis.  The  table  J ^^st  given 
shows,  however,  that  in  Bombay  at  any  rate  the  deaths  m  the  years  18b3-bU 
were  as  great  as  in  1828-52.  In  Bengal  there  is  a  diminution,  but  it  is  very 
slight.  In  the  early  period,  however,  there  may  have  been  less  invaliding 
In  the  absence  of  reliable  statistics,  the  question  of  the  relative  amount  ot 
phthisis  now  and  formerly  seems  impossible  to  be  answered. 

With  respect  to  the  cure  and  prevention  of  phthisis,  it  seems  a  great  pity- 
to  send  phthisical  invalids  to  England,  where  they  die  at  Netley,  or  are  cast 
out  to  die  miserably  among  the  civil  population,  when  m  the  Himalayas  there 
are  elevated  localities  which  must  be  particularly  adapted  for  the  successful 
treatment  of  consumption.  When  means  of  communication  are  improved,  it 
is  possible  that  we  may  see  phthisical  invahds  going  from  Europe  to  the 
high  peaks  of  the  Himalayas,  and  why  should  not  the  European  soldier,  who 
is  actually  in  India,  benefit  by  the  mountain  ranges?  A  phthisical  sanitarium, 
at  an  altitude  of  10,000  feet,  would  be  hkely  to  cure  the  disease  in  many 
cases,  if  it  were  diagnosed  early,  and  then  if  the  men  were  afterwards  kept 
on  the  lower  hill  stations,  they  would  probably  become  perfectly  strong.  To 
send  these  men  home  to  England,  is  condemning  then  to  almost  certain 
death.  Formerly  the  distance  in  India  would  have  been  fatal  to  such  a  plan, 
but  now,  by  proper  arrangements,  even  weakly  men  could  be  brought  from 
all  parts  of  India.  Dr.  Hermann  Weber,  who  has  paid  great  attention  to  the 
effect  of  altitude  on  phthisis,  holds  very  decided  views  as  to  the  beneficial 
efi"ect  of  such  an  arrangement,  and  has  already  urged  this  point  on  the  atten- 
tion of  the  authorities. 

The  other  diseases  of  the  lungs  are  not  unknown  in  India.  Pneumonia 
gives  a  mortality  in  Bengal  of  about  '5  per  1000  of  strength,  or  a  little  less 
than  at  home  (  =  -571);  while  in  the  other  two  presidencies  it  is  not  half 
this  amount.  Acute  bronchitis  also  causes  in  all  the  presidencies  a  mortality 
almost  precisely  the  same  as  at  home  ('27  and  '285  per  1000). 

Loss  of  Service — European  Troops. 

The  admissions  and  mean  daily  sick  have  been  already  given. 

As  compared  with  home  service,  a  larger  number  of  admissions,  a  greater 
daily  number  of  sick,  and  a  shorter  duration  of  cases  and  a  larger  mortality, 
indicate  not  only  more  sickness,  but  the  presence  of  very  rapid  mortal  diseases, 
which  shorten  the  mean  duration  of  all  cases. 

The  chief  causes  of  admissions  are  "paroxysmal  and  continued  fevers," 
venereal  disease,  dysentery,  rheumatism,  integumentary  diseases,  and  digestive 
aff'ections  (not  hepatitis).  Hepatitis  and  cholera  cause  few  admissions,  but  a 
large  mortality. 

It  is  most  satisfactory  to  find  that  the  sickness  and  mortality  are  both 
rapidly  falling,  owing  to  the  energetic  means  now  being  adopted  by  the 
Government,  and  to  the  increased  sanitary  powers  and  improved  curative 
means  of  the  medical  officers. 

The  prevalence  of  venereal  disease  demands  as  much  attention  in  India  as 
in  England,  but  the  preventive  measures  will  be  much  easier.    Police  regu- 


Vital  Statistics  of  the  Armies  in  India,  1859,  p.  164. 
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lations  and  proper  surveillance  are  now  being  enforced,  and  Lock  hospitals 
are  established  in  many  places. 

Invaliding  of  European  Troops. 

Por  some  years  back  the  invaliding  statistics  of  Bengal  have  been  give- 
with  great  care  by  the  late  Dr.  Bryden.i    The  invaliding  ratio,  from  a 
causes,  in  the  Bengal  European  army,  varied  in  ten  years  (1861-70)  from 
28-09  to  53-98  per  1000  of  strength,  the  mean  being  38-9 ;  and  in  the  next 
ten  years  (1871-80)  from  29  88  to  47-14,  the  mean  being  40-6. 

In  the  Bengal  army  the  ratios  were  per  1000  strength  

-.Jf'^^-^r.  Under  25.  25  to  30.         30  and  upwards. 

1865-70,    .       .      26-55  39-74  78-34 

1871-75,    .       .      24-60  35-92  58-17 


Years. 

1871-75, 


Army  of  India. 

Under  25.  25  to  34. 

25-84  37-07 


35  and  upwards. 

91-34 


Bryden  remarks  that  there  is  but  little  change  in  the  invaliding  rate  from 
25  to  34  years  of  age,  and  he  therefore  puts  the  ten  years  in  one  class. 
The  invaliding  is  high  during  the  early  years  of  service,  as  shown  by  the 


following  table — 


Invaliding  per  cent,  of  the  total  Invaliding  at  the  different  Periods  of 

Indian  Service,  1871-75. 

1st  and  2nd  years, 
3rd  and  4th  ,, 


28-5 
22-3 


1-4 

5- 


48-1 


above 


-7 
7 


23-2 
28-7 

100-0 


The  chief  causes  of  invaliding  are  phthisis,  heart  affections,  hepatitis,  and 
general  debility,  and  the  following  table,  calculated  from  Bryden,  shows  the 
ratio  of  these  classes  (1871-5) : — 


Chief  Causes  for  Invaliding. 

1  to  4  Years. 

6  to  7  Years. 

Above  7  Years. 

Phthisis,  .... 

11 

9 

6 

Heart  affections, 

15 

10 

6 

Hepatitis,  .... 

15 

17 

16 

General  debility, 

15 

20 

29 

Per  cent,  of  total  invaliding  ) 

56 

56 

57 

at  each  period,        .       .  ) 

The  total  invaliding  is  made  up  of  those  sent  home  for  discharge  and  for 
change  of  air.  From  about  30  to  60  per  cent,  of  all  invalids  are  in  the  latter 
category.  In  the  ten  years,  1870-79,  the  mean  number  of  invalids  sent  home 
was  42-44,  and  those  finally  discbarged  were  16-08  per  1000  of  strength. 
Those  sent  home  for  change  were  thus  62  per  cent,  of  the  whole.  In  1880, 
29-88  per  1000  were  sent  home  and  21-40  discharged,  the  percentage  sent 
home  for  change  being  thus  only  28^. 

1  Vital  statistics  of  the  Bengal  Presidency,  1870  and  1878  ;  md.  Reports  of  the  Samtary 
Commissioner  (Dr.  Cuninghani)  with  the  Government  of  India.  Reference  must  be  made  lo 
these  elaborate  reports  for  the  full  details. 
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Mortalitij  of  Native  Troops. 

Colonel  Sykes  gives  the  mortality  for  1825-44  as  18  per  1000  of  strengtli 
for  all  India;  and  for  Bengal,  17-9 ;  Bombay,  12"9  ;  Madras,  20-95. 

In  Madras,  from  1842  to  1858,  the  average  was  18  per  1000  (Macpherson), 
of  which  6  per  1000  each  year  were  deaths  from  cholera. 

Ewart  gives  the  following  numbers  per  1000  of  strength — Bengal  (1826- 
1852),  13-9;  Bombay  (1803-1854),  15-8 ;  Madras  (1827-1852),  17*5. 

Taking  successive  quinquennial  periods,  there  has  been  a  slight  progressive 
decrease  in  mortahty,  but  this  is  less  marked  than  in  Europeans. 

The  excess  of  mortality  is  chiefly  due  to  cholera,  dysentery,  and  fever. 

In  Bengal,  in  the  years  1861-67,  the  annual  mortality  per  1000  of  men 
present  with  the  regiments  was  14-57.  In  Madras  the  average  mortality  in 
six  years,  1860-66,  was  12-6. 

The  following  table  gives  the  mortality  of  native  troops  per  1000  of  strength 
for  the  period  1867-76,  from  Bry den's  tables  : — 


Mortalitij  of  Sepoys  (1867-76)  per  1000  of  Strength. 


Diseases. 

Bengal. 

Cholera,  ...... 

Fevers,  

Heat-apoplexy,  .... 

Dysentery  and  diarrhoea, 

Hepatitis,  ..... 

Spleen  diseases,  .... 

Respiratory  diseases. 

Heart  disease,  ..... 

Phthisis  pnlmonalis, 

Dropsy,  

Scurvy,  ...... 

Atrophy  and  anaemia. 

All  other  causes,  .... 

Violent  deaths,  .... 

2-12 

2-84 
•22 

2-01 
•15 
-28 

2^57 
•20 
•77 
•09 
•14 
•52 

1^19 
•74 

Total  deaths,  

13-84 

Deaths,  excluding  cholera, 

11-72 

Total  deaths,  including  those  in  absence. 

17-25 

SECTION  IX. 

CHINA. 

Hong-Kong. 

Although  the  English  have  occupied  Canton,  Tientsin  in  the  north,  and 
several  other  places,  yet,  as  their  occupation  has  been  only  temporary,  it 
seems  unnecessary  to  describe  any  other  station  than  Hong-Kong. 

Garrison  of  Hong-Kong  about  1000,  but  differing  considerably  accordinr' 
to  the  state  of  affairs  in  China.  ^ 

The  island  is  27  miles  in  circumference,  10  long,  and  8  broad  at  its  widest 
part. 

Geology. — The  hills  are  for  the  most  part  of  granite  and  syenite,  more  or 
less  weathered.    In  some  parts  it  is  disintegrated  to  a  great  extent,  and  clayey 
beds  (laterite)  are  formed,  in  which  granite  boulders  may  be  embedded 
Victoria,  the  chief  town,  stands  on  this  disintegrated  granite.   As  in  all  other 


682 


FOREIGN  SERVICE. 


cases,  this  weathered  and  clayey  granite  is  said  to  be  very  absorbent  of  water, 
and,  especially  in  the  wet  season,  is  considered  very  unhealthy. 

Climate.~M.ea.xi  annual  temperature,  73°  Fahr.  ;  hottest  month  (July), 
86°-25j  coldest  month  (January),  52°-75;  amplitude  of  the  yearly  fluctua- 
tions, 33° -5. 

The  humidity  is  considerable, — about  80  per  cent,  of  saturation,  as  an 
average. 

The  N.E.  monsoon  blows  from  November  to  April ;  it  is  cold,  dry,  and  is 
usually  considered  healthy  and  bracing ;  but  if  persons  who  have  suff'ered 
from  malaria  are  much  exposed  to  it,  it  reinduces  the  paroxysm.  The  S.W. 
monsoon  blows  from  May  to  October ;  it  is  hot  and  damp,  and  is  considered 
enervating  and  relaxing.  The  dilference  in  the  thermometer  between  the  two 
monsoons  has  been  said  to  be  as  much  as  46°,  but  this  seems  excessive. 

The  rainfall  is  about  90  to  100  inches  with  the  S.W.  monsoon. 

In  addition  to  Victoria,  there  are  two  or  three  other  stations  which  have 
been  occupied  as  sanitaria,  viz.,  Stanley,  seated  on  a  peninsula  on  the  south 
end  of  the  island,  and  about  100  feet  above  the  sea;  and  Sari  van,  5  miles 
east  of  Victoria.  Neither  station  seems  to  have  answered;  the  barracks  are 
very  bad  at  Stanley,  and  are  exposed  too  much  to  the  N.E.  monsoon,  which, 
at  certain  times,  is  cold  and  wintry ;  during  the  S.W.  monsoon  it  is  healthy. 
Sarivan  has  always  been  unhealthy,  probably  from  the  neighbourhood  of  rice 
helds.  Since  the  close  of  the  last  war  a  portion  of  the  mainland,  Cowloon, 
opposite  Victoria,  has  been  ceded,  and  has  been  occupied  by  troops.  It  is 
said  not  to  be,  however,  even  so  healthy  as  Hong-Kong,^  but  there  are 
differences  of  opinion  on  this  point. 

Hong-Kong  has  never,  it  is  said,  been  considered  healthy  by  the  Chinese. 
The  chief  causes  of  unhealthiness  appear  to  be  the  moist  laterite  and  weathered 
granite,  and  the  numerous  rice  fields.  Indeed,  to  the  latter  cause  is  ascribed 
by  some  (Smart)  ^  the  great  unhealthiness,  especially  when  the  rice  fields  are 
drying  in  October,  November,  and  December. 

Local  causes  of  unhealthiness  existed  till  very  lately  in  Victoria.  In  build- 
ing the  barracks  the  felspar  clay  was  too  much  cut  into,  and,  in  addition,  the 
access  of  air  was  impeded  by  the  proximity  of  the  hills.  The  S.W.  monsoon 
was  entirely  shut  out.    Till  lately  sewerage  was  very  defective. 

Owing  probably  to  these  climatic  and  local  causes,  for  many  years  after  its 
occupation  in  1842,  Hong-Kong  was  excessively  unhealthy.  JVIalarious  fevers 
were  extremely  common,  and  not  only  so,  but  it  is  now  known  that  typhoid 
fever  has  always  prevailed  there  (Becher  and  Smart).  Dysentery  has  been 
extremely  severe,  and  has  assumed  the  peculiar  form  of  lienter3\  This  was 
noticed  in  the  first  China  war,  and  appears,  more  or  less,  to  have  continued 
since.    In  addition  to  these  diseases,  phthisis  appears  to  have  been  frequent. 

For  some  years  there  were  such  frequent  wars  in  China,  that  the  exact 
amount  of  sickness  and  mortality,  due  to  the  climate  of  Hong-Kong,  could 
not  be  weU  determined.  But  it  is  becoming  much  healthier  than  in  former 
years,  owing  to  the  gradual  improvement  in  sanitary  matters  which  goes  on 
from  year  to  year.  In  1865  there  was,  however,  much  sickness,  owing 
apparently  to  overcrowding,  and  to  bad  accommodation. 

In  the  Statistical  Eeports,  the  troops  serving  in  Hong-Kong,  Cowloon, 
Canton,  Shanghai,  and  the  Straits  settlements,  are  classed  togetlier,  so  that 
the  influence  of  Hong-Kong  per  se  can  only  be  partially  known. 


1  See  Report  of  Surgeon  Snell,  Army  Medical  Report,  vol.  v.  p.  360,  for  the  causes  of  the 
unhealthiness  of  Cowloon.  ,     , ,  ,  u.  j  on 

2  Transactions  of  the  Epid.  Sac.,  vol.  i.  p.  191.  This  paper  should  be  consulted  for  an 
excellent  account  of  Hong-Kong,  and  of  the  diseases  among  sailors  especially. 
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In  the  years  1859-66,  whicli  include  years  of  war,  the  admissions  in  South 
China  averaged  2131,  and  the  deaths  56-25,  or,  exclusive  of  violent  deaths, 
52-63  per  1000  of  strength,  and  there  was  in  addition  a  large  invaliding. 
Paroxysmal  fevers  gave  609  admissions  and  7-77  deaths;  continued  fevers, 
25-25  admissions  and  4-17  deaths;  and  dysentery  and  diarrhoea,  249  admis- 
sions and  16-3  deaths  per  1000.  In  later  years  the  mortality  was  less;  in 
1869-70,  it  was  16-02,  and  in  1871  only  5-82  per  1000  of  strength,  and  of 
these  only  3-88  was  from  disease.  In  the  five  years,  1871-5,  it  was  11-73  ; 
and  in  1876-80  it  was  8-61,  giving  for  the  ten  years  a  mean  of  10*17. 
This  contrasts  very  favourably  with  the  mean  of  the  previous  ten  years 
(1861-70),  which  was  39-84,  or  neavlj  four  times  as  great.  It  is  evident 
that  the  causes  of  sickness  and  mortality  are  now  being  brought  under 
control.  1 


1  Amtralia  and  New  Zealand.— T^e  withdrawal  of  the  troops  from  these  colonies  renders 
it  unnecessary  to  give  any  statistical  details. 


CHAPTER  V. 
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Service  on  board  ship  must  be  divided  into  three  sections,  corresponding  to 
three  different  kinds  of  service. 

1.  Transport  ships,  for  the  conveyance  of  healthy  soldiers,  then-  wives  and 
children,  from  place  to  place,  or  for  conveying  small  parties  of  troops  in  charge 
of  convicts. 

2.  Transports  for  conveyance  of  sick  from  an  army  in  the  field  to  an  hospital 
in  rear,  or  from  a  foreign  station  to  a  sanitarium,  or  home.  Although  the  term 
is  a  little  odd,  it  is  convenient  to  call  these  ships  Sick  Transports. 

3.  Hospital  ships,  intended  for  the  reception  and  treatment  of  the  sick. 


SECTION  I. 


TEANSPORTS  FOR  HEALTHY  TROOPS.'- 

The  use  of  Government  transports  has  very  much  altered  the  duty  of  medi- 
cal officers  on  board.  The  trans]3orts  are  really  men-of-war,  i.e.,  officered  by 
the  Koyal  Navy,  and  under  naval  regulations.  The  medical  officer  of  troops 
has  therefore  nothing  to  do  with  the  vessel  and  its  arrangements.  If  hired 
transports  are  used,  the  Queen^s  Regulations  (1881)  (section  17,  Movement 
of  Troops  by  Sea),  and  the  Medical  Regulations  (part  i.  section  iii.  sub- 
section iii.  ;  part  ii.  section  vi.  sub-section  x. ;  part  v.  section  vii.)  have  to 
be  carried  out. 


SECTION  II. 


TRANSPORTS  FOR  SICK  TROOPS. 

No  specific  regulations  are  laid  down  with  respect  to  these  hired  ships,  but 
it  would  be  very  desirable  to  have  some  set  rules  with  respect  to  space,  diet, 
and  fittings.  Invalids  are  now  carried  from  India  and  the  Colonies  in  Govern- 
ment transports;  occasionally  hired  transports  are  used.  At  present  the  diet 
of  invalids  on  board  the  hired  transports  is  not  good.  In  respect  of  fittings, 
the  use  of  swinging  cots  for  feeble  men,  and  well-arranged  closets  for  dysenteric 
cases,  are  very  important.  So  also  with  the  cooking ;  the  coarse  ship  cooking 
is  a  great  trial  to  many  patients.  If  there  is  need  of  Government  transports 
for  healthy  men,  the  necessity  is  still  greater  for  sick  men. 


1  See  Eattray's  paper  read  to  tLe  Medico-Chinirgical  Society  in  1872  :  also  the Jast  editio 
of  this  work;  and  Naval  Hygiene,  by  Professor  Macdonald,  R.N.,  M.D.,  i.K.b.  (femitu, 

^'^2^The^foilow?ng  note  is  given  in  the  Queen's  Regulations,  1881,  p.  372  -.-"A  Troop- Ship  is 
one  of  Her  Majesty's  ships  commissioned  as  a  troop-ship.  A  Transport  is  a  snip  wnoi 
engaged  for  the  Government  service  on  monthly  hire,  or  a  ship  wholly  engaged  by  the  ^o-s^J}' 
ment  to  execute  a  special  troop  service,  though  not  hired  by  the  month.  A  2roop  fc'9  >^. 
Ship  is  a  ship  in  which  conveyance  is  engaged  by  Government  for  troops,  but  which  ls  not 
wholly  at  the  disposal  of  the  Government." 
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As  far  as  possible,  the  sick  should  be  treated  on  declc  in  fine  weather,  a 
good  awning  and  a  comfortable  part  of  the  deck  being  appropriated  to  them. 
I  believe  that  it  would  be  a  good  plan  not  to  send  home  officers  and  sick  men 
in  the  same  ship,  but  to  have  officers'  ships,  so  as  to  give  up  the  poop  to  the 
.  men  in  the  ships  which  carried  them.    This  division  will  be  a  gain  to  both. 

In  time  of  war,  sick  transports  are  largely  used  to  carry  troops  to  hospitals 
in  rear.  For  this  purpose  good  roomy  steamers  must  be  chosen.  For  economy's 
sake,  they  will  generally  be  large,  and  probably  with  two  decks  ;  they  should 
never  have  more,  and  indeed  a  single  deck  is  better.  But  if  with  two  decks, 
each  space  should  be  separately  ventilated  by  tubes,  so  as,  as  far  as  possible, 
to  prevent  passage  of  foul  air  from  the  lower  to  the  upper  deck.  All  the  worst 
cases  should  be  on  the  upper  deck,  especially  surgical  cases. 

The  decks  of  these  vessels  should  be  as  clear  as  possible,  so  that  men  can  be 
treated  on  deck.  An  apparatus  should  be  arranged  for  hoisting  men  on  deck 
from  below. 

It  has  been  proposed  to  fit  these  ships  with  iron  bedsteads,  and  no  doubt 
this  gives  the  men  more  space  ;  but  a  better  plan  still  would  probably  be  to 
have  short  iron  rods,  to  which  every  cot  could  be  suspended.  The  sick  men 
might  be  carried  in  their  cots  on  board,  and  again  removed.  If  the  rods  are 
made  about  14  inches  high,  and  bent  in  at  the  top  so  as  to  form  a  hook,  a  cot 
is  hung  easily,  and  will  swing.  There  is  space  enough  below  to  put  a  close- 
stool  or  pan  under  the  man  without  stirring  him,  if  a  flap  is  left  open  in  the 
canvas,  and  a  hole  left  in  the  thin  mattress. 

Fixed  berths  are  not  so  good,  but  some  must  be  provided.  Some  cots  can 
swing  from  the  top,  and  some  men  can  be  in  hammocks.  Probably  every  sick 
transport  should  have  all  these,  viz.,  iron  bedsteads  at  some  points  fastened  to 
the  deck,  iron  standards  for  swingmg  cots,  cots  swinging  from  the  roof,  low 
berths,  and  hammocks. 

In  these  sick  transports  the  kits  and  clothes  must  be  stowed  away ;  and  as 
they  are  often  very  dirty  and  offensive,  and  sometimes  carry  the  poison  of 
typhus  and  other  diseases,  the  place  where  they  are  put  should  be  constantly 
fumigated  with  nitrous  and  sulphurous  acid  alternately.  Eobert  Jackson 
mentions  that  dirty  clothes  and  bedding  may  be  soon  washed  sweet  by  mixing 
oatmeal  with  salt  water. 

Directly  a  sick  transport  has  landed  the  sick,  the  whole  place  should  be 
thoroughly  washed  and  scraped,  then  the  walls  and  ceiling  should  be  lime- 
washed,  and  the  between-decks  constantly  fumigated  till  the  very  moment 
when  fresh  sick  embark. 

SECTION  III. 

HOSPITAL  SHIPS. 

These  are  ships  intended  for  the  reception  and  treatment  of  the  sick, — float- 
ing hospitals,  in  short.  Whenever  operations  are  undertaken  along  a  seaboard, 
and  especially  when  a  force  is  moving,  and  places  for  fixed  hospitals  cannot 
be  assigned,  they  are  indispensable.  They  at  once  relievo  the  army  from  a 
very  heavy  encumbrance,  and,  by  prompt  attendance  which  can  be  given 
to  the  sick,  save  many  lives.  They  should  always  be  organised  at  the  com- 
mencement of  a  campaign.  In  the  Abyssinian  war  three  hospital  ships 
were  used.  Their  fitting  out  was  carefully  superintended  by  Deputy  Inspector- 
General  Dr.  Massy,  and  appears  to  have  answered  admirably.  A  fuU  account 
of  one  of  these  ships  ("  Queen  of  the  South  ")  was  given  by  the  late  Staff- 
Surgeon  Charteris,  to  which  reference  may  be  made.  The  ventilation,  as  shown 
by  the  amount  of  carbonic  acid  (-708  per  1000  volumes)  was  very  good  The 
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superficial  space  between  decks  per  man  was  on  the  night  of  tlie  experiment 
154  feet,  and  the  cubic  space  no  less  than  1076.  During  the  Ashanti  war 
(1873-4)  the  line  of  battle  ship  "Victor  Emanuel "  was  used  as  an  hospital 
ship,  and  was  most  successful.  A  very  full  and  detailed  account  of  it  is  given 
by  the  late  Brigade-Surgeon  T.  M.  Bleckley,  C.B.,  in  medical  charge.^  The 
floor  space  per  head  was  generally  about  50  square  feet,  and  the  cubic  space 
about  480,  although  it  was  originally  intended  to  be  less.  Hospital  ships 
were  also  used  during  the  Egyptian  campaign  of  1882. 

However  convenient,  and  indeed  necessary,  they  are,  it  must  be  clearly 
understood  that  they  are  not  equal  to  an  hospital  on  shore.  It  is  impossible 
to  ventilate  and  clean  them  thoroughly.  The  space  is  small  between  decks. 
The  wood  gets  impregnated  with  effluvia,  and  even  sometimes  the  bilge  is 
contaminated.  Dr.  Becher,  late  pathologist  in  China,  stated  that  even  in  the 
very  best  of  the  hospitals  used  there,  it  was  quite  clear  that  in  every  wound 
there  was  evidence  of  a  slight  gangrenous  tendency.  In  fact,  it  is  perhaps 
impossible  to  prevent  this,  except  by  the  freest  ventilation  and  the  most 
vigorous  antiseptic  treatment. 

The  principle  of  separation  should  be  carried  out  in  these  ships — one  ship 
for  wounded  men,  another  for  fevers,  a  third  for  mixed  cases ;  or  if  this 
cannot  be  done,  separate  decks  should  be  assigned  for  wounded  men  and  fever 
cases.  In  fine  weather  the  sick  should  be  treated  on  deck  under  awnings. 
The  between-decks  must  be  thoroughly  ventilated,  and  all  measures  of  fumiga- 
tion, frequent  lime-washing,  &c.,  must  be  constantly  employed.  Charcoal, 
also,  in  substance  should  be  largely  used.  Warming  by  stoves  must  be  used 
in  damp  and  cold  weather,  and,  if  so,  advantage  should  be  taken  of  this 
scource  of  heat,  and  of  all  lights,  to  improve  ventilation. 

Ships  of  one  deck  are  better  than  two ;  but  as  they  will  hold  a  very  small 
number  of  sick,  two  decks  are  commonly  used.  But  not  more  than  two 
decks  should  be  used ;  and  if  there  be  a  third  or  orlop  deck,  it  should  be 
kept  for  stores.  Sometimes,  if  there  are  two  decks,  the  upper  deck  is  used 
for  officers  and  the  lower  for  troops,  but  the  reverse  arrangement  should  be 
adopted. 

The  ventilation  of  the  between-decks,  in  addition  to  Edmond's  plan,  should 
be  carried  on  by  tubes,  which,  if  the  central  shaft  is  acting,  will  be  all  inlets, 
and  can  be  so  arranged  as  to  cause  good  distribution  of  the  air. 

The  fittings  of  an  hospital  ship  should  be  as  few  and  simple  as  possible, 
and  invariably  of  iron.  Tables  should  be  small,  and  on  thin  iron  legs. 
Swinging  cots  are  indispensable  for  wounded  men,  and  the  appliances  for 
the  receiving  and  removing  the  excreta  of  dysenteric  and  febrile  patients 
must  be  carefully  attended  to.  Berths  should  not  be  of  wood,  but  of  iron 
bars,  which  are  much  more  easily  laid  bare  and  cleaned. 

The  supply  of  distilled  drinking  water  should  be  as  large  as  possible,  and 
a  good  distilling  apparatus  should  be  on  board,  whether  the  vessel  be  a 
steamer  or  not. 

The  laundry  arrangements  are  most  important,  and  it  would  be  a  good  plan, 
on  a  large  expedition,  to  have  a  small  ship  converted  entirely  into  a  laundry. 
It  would  not  only  wash  for  the  sick,  but  for  the  healthy  men  also.  So  also 
a  separate  ship  for  a  bakery  is  an  important  point,  so  as  to  have  no  bakmg 
on  board  the  hospital  ship. 

On  board  the  hospital  ship  there  should  be  constant  fumigation ;  lime 
washing,  whenever  any  part  of  the  hospital  can  be  cleaned  for  a  day  or  two, 
and,  in°fact,  every  other  precaution  taken  which  can  be  thought  of  to  make 


1  Army  Medical  Reports,  vol.  xv.  p.  260. 
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the  floating  hospital  equally  clean,  dry,  well  aerated  and  pure,  as  an  hospital 
on  shore. 

On  board  hospital  ships  it  is  often  easy  to  arrange  for  sea-bathing  and 
douching ;  it  should  never  be  forgotten  what  important  curative  means  these 
are. 

In  case  pyaemia  and  erysipelas,  or  hospital  gangrene  occur,  the  cases  must 
be  treated  on  deck,  no  matter  how  bad  the  weather  may  be.  Good  awnings 
to  protect  from  wind  and  rain  can  be  put  up. 

If  cows  or  goats  are  kept  on  board  to  supply  milk,  their  stalls  must  be 
kept  thoroughly  cleaned.  But  generally  it  is  better  to  obtain  milk  from  the 
shore. 


CHAPTER  VI. 


WAR. 

The  trade  of  the  soldier  is  war.  For  war  lie  is  selected,  maintained,  and 
taught.  As  a  force  at  the  command  of  a  government,  the  army  is  also  an 
agent  for  maintaining  public  order ;  but  this  is  a  minor  object,  and  only 
occasionally  called  for,  when  the  civil  power  is  incompetent. 

In  theory,  an  army  should  be  so  trained  for  war  as  to  be  ready  to  take  the 
field  at  literally  a  moment's  notice.  The  various  j)arts  composing  it  should 
be  so  organised  that,  almost  as  quickly  as  the  telegram  flies,  they  can  be 
brought  together  at  any  point,  prompt  to  commence  those  combined  actions 
by  which  a  body  of  men  are  moved,  fed,  clothed,  kept  supplied  with  muni- 
tions of  war,  maintained  in  health,  or  cured  if  sick,  and  ready  to  undertake 
all  the  engineering,  mechanical,  and  strategical  and  tactical  movements  which 
constitute  the  art  of  war. 

That  an  organisation  so  perfect  shall  be  carried  out,  it  is  necessary  that  all 
its  parts  shall  be  equally  efficient ;  if  one  faOs,  the  whole  machine  breaks 
down.  The  strength  of  a  chain  is  the  strength  of  its  weakest  link,  and  this 
may  be  said  with  equal  truth  of  an  army.  Commissariat,  transport,  medical, 
and  engineermg  appliances  are  as  essential  as  the  arts  of  tactics  and  strategy. 
It  is  a  narrow  and  a  dangerous  view  which  sees  in  war  merely  the  movements 
of  the  soldier,  without  recognising  the  less  seen  agencies  which  insure  that 
the  soldier  shall  be  armed,  fed,  clothed,  healthy,  and  vigorous. 

During  peace  the  soldier  is  trained  for  war.  What  is  meant  by  training 
for  war  1  Not  merely  that  the  soldier  shall  be  taught  to  use  his  weapons 
with  effect,  and  to  act  his  part  in  that  machine,  where  something  of  mechanical 
accuracy  is  imprinted  on  human  beings,  but  that  he  shall  also  know  how  to 
meet  and  individually  cope  with  the  various  conditions  of  war,  which  differ 
so  much  from  those  of  peace. 

It  is  in  the  nature  of  war  to  reinduce  a  sort  of  barbarism.  The  arts  and 
appliances  of  peace,  which  tend,  almost  without  our  care,  to  shelter,  and 
clothe  and  feed  us,  disappear.  The  man  reverts  in  part  to  his  pristine  con- 
dition and  often  must  minister  as  he  best  may  to  his  own  wants.  No  doubt 
the  State  wiU  aid  him  in  this  ;  but  it  is  impossible  to  do  so  as  completely  as 
in  peace.  Often,  indeed,  an  army  in  war  has  niaint&,ined  itself  in  complete 
independence  of  its  base  of  supplies,  and  in  almost  every  campaign  there  is 
more  or  less  of  this  independence  of  action. 

In  peace,  the  soldier,  as  far  as  clothing,  feeding,  shelter,  and  cleanliness  are 
concerned,  is  almost  reduced  to  the  condition  of  a  passive  agent.  Everytliing 
is  done  for  him,  and  all  the  appliances  of  science  are  brought  into  play  to  save 
labour  and  to  lessen  cost.  Is  this  the  proper  plan  ?  Looking  to  the  condi- 
tions of  war,  ought  not  a  soldier  to  be  considered  in  the  light  of  an  emigrant, 
who  may  suddenly  be  called  upon  to  quit  the  appliances  of  civilised  hfe,  and 
who  must  depend  on  himself  and  his  own  powers  for  the  means  of  comfort, 

and  even  subsistence  1  ,        i     i  • 

There  is  a  general  impression  thai  the  English  soldier,  wlien  placetl  in 
unaccustomed  circumstances,  can  do  nothing  for  himself,  and  is  helpless.  If 
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SO,  it  is  not  the  fault  of  the  man,  but  of  the  system,  which  reduces  him  to 
such  a  state.  That  it  is  not  the  fault  of  the  man  is  shown  by  the  fact  that, 
however  helpless  the  English  soldier  may  appear  to  be  in  the  first  campaign, 
he  subsequently  becomes  as  clever  in  providing  for  himself  as  any  man.  The 
Crimean  war  did  not  perhaps  last  long  enough  to  show  this,  but  the  Peninsular 
war  proved  it.  The  soldier  there  learned  to  cook,  to  house  himself,  to  shelter 
himself  from  the  weather  when  he  had  no  house,  to  keep  himself  clean,  and 
to  mend  and  make  his  clothes.  Was  it  not  the  power  of  doing  these  things, 
as  well  as  the  mere  knowledge  of  movements  and  arms,  which  made  the 
Duke  of  Wellington  say  that  his  army  could  go  anywhere  and  do  anything] 
And  the  wars  at  the  Cape  and  in  New  Zealand  have  shown  that  the  present 
race  of  soldiers,  when  removed  from  the  appliances  of  civilised  life,  have  not 
lost  this  power  of  adaptation. 

The  English  soldier  is  not  helpless;  he  is  simply  untrained  in  these  things, 
and  so  long  as  he  is  untrained,  however  perfect  he  may  be  in  drill  and 
manoeuvre,  he  is  not  fit  for  war.    The  campaign  itself  should  not  be  his 
tutor;  it  must  be  in  the  mimic  campaigns  of  peace,  in  which  the  stern 
realities  of  war  are  imitated,  that  the  soldier  must  be  trained.    Our  present 
field-days  represent  the  very  acme  and  culminating  point  of  war, — the  few 
bright  moments  when  the  long  marches  and  the  wearisome  guards  are  rewarded 
by  the  wild  excitement  of  battle;  but  the  more  common  conditions  of  the 
campaign  ought  also  to  find  their  parallel.    Since  the  Crimean  war,  much 
has  been  done  to  instruct  the  soldier  in  the  minor  arts  of  war.    The  establish- 
ment of  camps  has  to  some  extent  familiarised  him  with  tent  life;  the  flyinc^ 
columns  which  go  out  from  Aldershot  show  him  something  of  the  life  of  the 
bivouac,  and  the  training  in  cooking  which  Lord  Herbert  ordered  is  teachinc^ 
him  how  to  prepare  his  food.    The  Autumn  Manoeuvres  have  extended  this 
system,  and  are  now  making  him  famHiar  with  the  chief  conditions  of  the 
liie  m  campaigns. 

A  campaign  can  never  be  successful  unless  the  men  are  healthy.  How  are 
men  to  be  trained  so  as  to  start  in  a  campaign  in  a  healthy  condition,  and  to 
be  able  to  bear  the  manifold  trials  of  war  ?  The  answer  may  be  given  under 
three  heads — 

1.  Preparation  for  war  during  peace. 

2.  Entry  on  war. 

3.  Actual  service  in  war. 


SECTION  I. 
PREPARATION  FOR  WAR  DURING  PEACE. 
The  various  conditions  of  war,  which  are  different  from  those  of  peace 

1.  Exposure  to  the  WeatJm-.— It  is  a  constant  observation  that  men  who 

fZl  ti^'t  Tk  '""^'  ^'l  "'^'^  ^^^^^^y  ™  °^en  whose  occupa- 
t  ons  have  kept  them  m  houses.    The  soldier's  life  should  be,  therefore  an 

th    summer-    It  r^'^'^     ^^^^^^^  ^-^^S 

the  summer.    It  would  be  weU,  in  fact,  to  tent  the  whole  armv  from  th? 

middle  of  May  to  the  end  of  September  every  year.    The  expense  should  be 
looked  on  as  a  necessary  part  of  the  mihtary  establishments.    Wooden  hut? 
are  too  like  ordinary  barracks.    As  the  soldier  has  often  to  sleep  out  in  war 
he  should  be  accustomed  to  this  also  in  peace— warm  summer  niTf«\  ' 
first  selected  to  train  him.    It  will  sooS  be  fourthat  he v  v  so^ 
acquire  the  power  of  resistance  to  cold.    This  plan  will  also  tLuhe  utility  of 

2  X 
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his  clotliGS.1  It  lias  been  found  by  experiment  that,  by  careful  trainin^, 
even  delicate  persons  can  bear  sleeping  out  at  night,  even  in  tolerably  (;old 
weather,  without  injury,  provided  there  be  no  rain.  At  the  latter  end  of  the 
summer,  it  would  be  well  to  expose  the  men  even  to  rainy  nights,  their  clothes 
.  being  ailapted  for  this,  by  the  supply  of  waterproofs;  and  in  the  very  useful 
Autumn  Manoeuvres  this  plan  might  be  tried  with  advantage. 

At  the  same  time,  it  is  important  to  have  the  men  raised  off  the  ground, 
both  when  in  tent  and  lying  in  the  open  air,  in  all  countries  where  the 
ground  may  be  moist,  or  cools  rapidly  during  the  night.  A  very  useful  field 
hammock  has  been  invented  by  Captain  M'Quire ;  it  consists  of  a  strong 
AvooUen  material,  which  is  suspended  on  two  sticks  by  means  of  guide-ropes. 
It  makes  a  comfortable  bed,  and  keeps  the  body  very  warm. 

It  may  be  thought  that  training  of  this  kind  is  needless,  and  that  it  may  be 
left  to  the  campaign  to  accustom  the  men  to  exposure,  but  this  is  not  the 
case ;  a  number  of  men  are  rendered  inefficient  at  the  commencement  of  a 
campaign  simply  by  the  unaccustomed  exposure. 

2.  Te7it  and  Camp  Li/e.^—The  pitching,  striking,  and  cleansing  of  tents ; 
the  digging  trenches  round  the  tents,  and  providing  for  general  surface 
drainage;  the  arrangement  of  the  interior  of  the  tent,  &c.,  should  all  be 
•carefully  taught.    So  also  the  camp  life  of  the  campaign  should  be  closely 
,  imitated,  and  the  rules  of  conservancy  most  strictly  carried  out  as  a  means 

simply  of  teaching  what  will  be  of  such  importance  in  war.^ 

3.  Cooldng  of  Food.— No  doubt,  in  future  wars,  all  governments  will 
endeavour  to  supply  prepared  and  cooked  food,  so  as  to  lessen  the  cost  of 

:  transport  and  the  labour  of  the  soldier.  But  as  this  cannot  always  be 
depended  upon,  the  soldier  must  be  trained  to  cook  his  ordinary  rations. 

'  This  should  not  be  done  for  him ;  he  ought  to  do  it  himself  merely  with  the 
appliances  he  would  have  in  war,  viz.,  his  camp-kettle,  canteen,  and  tin 

At  the  commencement  of  a  campaign  many  men  lose  flesh  and  strength,  or 
suffer  from  diarrhoea,  from  the  food  being  badly  cooked  and  indigestible. 

In  the  Peninsular  war  the  men  became  admirable  cooks.  At  first  very 
large  camp-kettles,  intended  for  half  a  company,  were  used,  and  were  earned 
on  horses.  They  did  not  answer,  and  the  men  left  them  behmd.  After- 
wards smaller  camp-kettles  were  supplied,  one  for  each  mess  of  six  or  eiglit 
Luscombe  mentions  that  the  supply  of  salt  was  found  to  be  a  very  important 
point ;  he  says,  he  had  no  idea  of  the  value  of  this  condiment  till  he  saw  the 
way  ii  which  the  men  saved  every  little  particle  ;  without  it,  m  fact,  animal 
and  even  vegetable  food  is  unsavoury.  i,    i  ,   i  „f 

In  the  French  army  on  service  8  or  10  men  form  a  corporals  detachment 
or  escouade.  They  have  between  them  one  kettle  and  cover  (m^^^^^^ 
.weight  1-7  kUog.),  one  large  bowl  {grande  gcmelle,  weight  IJ^^l^f  >' 
larcre  drinkin-  vessel  (grand  bidon,  weight  1  '5  kilog.).  Each  man  has  foi  fi  ^ 
.perfonrl:  small  bowl  {petite  gameUe)  .n^  a  small  ^^-^^^^^^ 
bidon).  They  are  all  of  tinned  iron.  All  these  vessels  are  earned  by  tlie 
-men,  the  larger  vessels  being  taken  in  turn  brthe^nen^f^he^^  

of  ^^^^^  SeiisJ"  ?i?K/SaTh" 

who  sleep  out  at  nigljt,  an  o^^^,  t'^elustrl??!^^^^^ 

Germany  and  Russia,  especially  by  Dr  Rotli  ^^-^"^  ,<^X;  1868). 

Uolslein,  1866),  and  by  Dr.  Heyfelder  (Z)rc5  ^aoer  cmj  d^^^^^^  ^   gj,.  p^,„et 

3  Reference  has  alrea.ly  been  made  to  the  very  ^.^ehil  / 
(now  Lord)  Wolseley,  which  gives  full  details  on  all  the>,e  ponils. 
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It  may  be  concluded  with  regard  to  this  very  important  matter  of  cooking 
utensils,  that  a  man  should  have  a  small  but  very  strong  canteen,  made  of 
unsoldered  tin,  and  with  a  good  deep  lid,  with  a  handle  which  may  serve  as 
a  frying-pan  or  second  vessel,  as  well  as  a  cover.  The  shape  of  the  canteen 
should  be  long  and  flat,  and  not  deeper  than  is  necessary  for  cooking,  so 
that  it  may  be  easily  carried.  Then  all  the  other  vessels,  the  camp-kettles, 
for  each  mess,  and  the  large  water  vessels,  should  be  carried  for  the  men. 
They  should  be  made  of  thin  steel,  which  is  very  light  for  its  strength,  very 
durable,  and  is  not  acted  on  by  the  food. 

The  different  kinds  of  camp  cooking  to  be  taught  are  stewing,  boiling,  and 
making  soup,  making  tea  and  coffee,  cooking  preserved  vegetables,  making 
cakes  of  flour,  and  oatmeal  porridge. 

.  Eefereuce  has  already  been  made  to  the  great  importance  of  not  keeping 
men  too  long  without  food.  By  a  little  arrangement  men  can  always  carry 
food,  and  the  proper  organisation  of  supplies  and  regimental  transport  would 
always  enable  a  commanding-officer  to  have  some  food  for  his  men.  In 
almost  all  marches,  with  large  bodies  of  men,  and  in  many  actions,  there  are 
long  periods  of  inaction  during  which  men  could  eat  food  which  has  been 
already  cooked.  The  effect  of  this  upon  their  strength,  endurance,  and  even 
courage,  is  remarkable.  Some  instances  have  been  related  by  officers  in 
which  failures  resulted  entirely  from  the  exhaustion  of  the  men  produced  by 
want  of  food.  Surely  it  is  useless  to  supply  ammunition  for  guns  if  the  men 
who  are  to  work  have  no  supply  of  energy  issued  also  to  them. 

4.  Water  Supply. — As  impure  water  is  a  great  cause  of  sickness  in  war,  the 
soldier  should  be  taught  how  to  recognise  impurity,  and  how  to  use  the  simple 
methods  of  purification  with  charcoal,  alum,  tea,  boiling,  &c. 

6.  Mending  Clothes. — Every  soldier  carries  a  hold-all,  but  many  cannot 
_  use  it  properly.  It  may  be  suggested  whether,  in  the  workshops  which  are 
I  now  being  established,  it  would  not  be  well  to  let  every  recruit  have  a 
i  month's  practice  in  repairing  clothes,  and  especially  boots  j  simple  plans  of 
[  repair  being  selected  if  it  be  possible. 

6.  Clecmlmess.—ln  war  a  source  of  disease  is  the  want  of  cleanliness. 
)  Very  soon  the  person  and  clothes  get  covered  with  lice  ;  all  the  garments, 
I  outer  as  well  as  under,  get  impregnated  with  sweat,  and  become  very  filthy. 

Ihe  best  generals  h^ve  always  been  very  careful  on  this  point,  and  have  had 
:  Irequent  washing  parades.  As  washing  clothes  is  really  an  art,  the  soldier 
i  should  be  taught  to  do  it,  not  by  machinery,  but  in  the  rude  fashion  he 
i  must  practise  during  war.  Clothes  can  be  partially  cleaned  by  drying  and 
'  beating.  j  j     j  o 

The  hair  should  be  cut  short.    In  the  absence  of  water  for  washing,  the 
'  best  plan  is  the  small-tooth  comb,  to  keep  the  hair  free  from  vermin,  and  it 
may  be  a  question  whether  one  should  not  be  supplied  to  every  soldier. 

Washing  the  whole  body  in  cold  water,  whenever  it  can  be  done,  is  not 
;  only  bracing  and  invigorating,  but  strengthens  it  against  vicissitudes  of 
I  weather,  and  against  dysentery. i 


SECTION  II. 
ENTEY    ON  WAR. 


When  actual  war  commences  some  further  steps  become  necessary 
All  experience  shows  that  men  under  twenty  or  twenty-one  years  of 


age 


1  Both  Donald  Monro  and  Lind  notice  tliis. 
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cannot  bear  tlie  fatigues  of  war.^  If  possible,  then,  all  men  below  twenty- 
one,  or  at  any  rate  below  twenty,  should  be  held  back  from  the  campaign,  and 
formed  into  depots,  whence  they  may  be  draughted  for  active  service  on  occa- 
sion. Of  course,  every  means  should  be  takeu  during  their  service  at  the 
dep6ts  to  strengthen  and  harden  them. 

All  weakly  men  should  also  be  held  back,  and  every  man  thus  retained 
should  come  under  the  surgeon's  superintendence,  not  in  hospital,  but  while 
doing  his  duty. 

The  men  who  are  about  to  enter  on  the  campaign  should  at  once  commence 
a  more  severe  training.  If  there  be  time  to  do  it,  this  should  be  carried  to 
an  extent  even  greater  than  will  be  demanded  in  war,  in  the  manner  of  the 
Romans,  who  trained  their  soldiers  so  severely  in  peace  that  war  was  a  relief. 
Footsoreness  is  very  common  at  the  commencement  of  a  campaign,  and  often 
gives  great  trouble. 

Certain  changes  in  the  food  of  the  men  should  be  made. 

The  exertions  of  war,  bodily  and  mental,  are  often  very  great,  and  demand 
an  increased  quantity  of  food,  especially  in  the  nitrogenous  and  fatty  elements; 
an  increased  amount  of  meat  and  bread,  with  the  addition  of  fat  bacon,  cheese, 
and  peas  or  beans,  should  be  given,  so  as  to  bring  the  daily  amount  of  nitrogen 
to  375  or  400  grains,  and  of  carbon  to  5000  grains  daily.  During  the  war 
every  effort  should  be  made  to  get  bread  and  flour  supplied  in  lieu  of  biscuit, 
and  to  supply  red  wine.  As  one  of  the  perils  of  war  is  the  occurrence  of 
scurvy,  the  supply  of  fresh  vegetables  should  be  increased ;  if  these  at  aU 
fail  during  the  campaign,  the  preserved  vegetables  must  be  issued,  and  the 
other  precautions  taken.  Considering  the  benefit  apparently  derived  in 
Captain  Cook's  voyages  from  wort  made  from  malt,  it  might  be  worth  while 
'  to  try  the  effect  of  introducing  this  as  a  beverage ;  it  can  be  readily  made. 

Donald  Monro  mentions  that  at  Bremen,  in  1762,  when  no  vegetables 
could  be  got,  and  fresh  meat  was  dear,  and  scurvy  broke  out,  infusion  of 
horse-radish  was  found  to  be  useful.    Spruce  beer  was  also  used. 


SECTION  III. 
ACTUAL  WAR.2 


Experience  has  showed  in  hundreds  of  campaigns  ttat  there  is  a  large 
amount  of  sickness.    The  almost  universality  of  this  proves  that,  with  every 


1  The  examples  are  numerous,  but  the  following  are  often  quoted.  In  1805  the  French  army 
broke  up  at  Boulogne,  and  marched  400  leagues  (French)  to  fight  at  Austerlitz  ;  the  youngest 
soldier  was  twenty-two  years  old  ;  they  left  scarcely  any  sick  or  wounded  '^'^  J«f I.^^Jf  "J 
the  French  marched  from  the  German  provinces  to  Vienna  ;  not  half  the  army  were  aged  twenty 
years  ;  the  hospitals  were  filled  with  sick.  In  1813  and  18U  the  patches  of  Napoleon  are 
filled  with  complaints  of  the  "  boys"  who  were  sent  him  ;  he  said-"  I  must  have  grown  men  . 
boys  serve  only  to  encumber  the  hospitals  and  road  sides. 

a  Sanitary  Rules  of  the  Jiomans  during  War. 

Vegetius  (De  Re  MiUtaH,  lib.  iii.  cap.  2)  says  the  Romans  took  f  e.^^;  .«^^f 
should  be  well  supplied  with  good  water,  good  provisions,  firewood  ^^ffip/^^*  qua^^ 
vinegar  and  salt.    They  endeavoured  to  keep  their  armies  m  good  health  by  due  attention 

l^To  situation;  aviding  marshes  and  dry  uncovered  ground  in  summer  ;  m  havmg  tents, 
frequently  changing  camps  in  summer  and  autumn.  .         „f  ^;con«P« 

2  To  the  Water;  for  bad  water  was  considered  to  be  very  Productive  of  d  seases 

3.  To  the  Seasons;  not  exposing  men  to  heat.  In  winter,  takmg  particular  care  that  the 
men  never  were  in  want  of  firewood  or  of  clothing.  ,    ,  x,      ,„„„ior  mpnls  and  were 

4.  To  Food  and  Medicine;  the  officers  saw  that  the  men  had  their  regular  meals,  ana  we 

well  looked  after  by  the  commissariat.         ,    .     x,     j  •„  „„„cfoT,t  pvercise  •  in  dry 

.5.  To  Exercise  /by  keeping  the  troops  during  the  day-time     ^«o°f^^"*  ^^^^^^  Z 
weather  in  the  open  air  ;  in  time  of  rain  or  snow  under  cover  ;  lor  exercise  was  believea 
a  great  deal  more  for  the  preservation  of  health  than  the  art  ot  physic. 
The  Prseiectus-Castrorum  (Quartermaster-General),  an  officer  of  high  rank  in  the  Koman 
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care,  the  conditions  of  war  are  unfavourable  to  health.  The  strenuous  exer- 
tions, the  broken  rest,  the  exposure  to  cold  and  wet,  the  scanty,  ill-cooked,  or 
unwholesome  food,  the  bad  water,  and  the  foul  and  overcrowded  camps  and 
tents,  account  for  the  amount  of  disease. 

The  amount  of  illness  varies  with  the  nature  of  the  campaign  and  the  genius 
of  the  commander. 

If  the  records  can  be  trusted,  it  would  seem  that  the  English  have  been 
more  unhealthy  than  the  French  in  their  wars,  but  there  is  no  great  trust  to 
be  placed  in  war  statistics.  In  the  Peninsula  the  mean  daily  number  of  sick 
was  never  below  12  per  cent,  except  for  a  short  time,  in  the  lines  of  Torres 
Vedras,  when  it  fell  to  9  or  10.  Sometimes  it  amounted  to  15,  20,  or  25  per 
cent.  In  the  Crimea  the  immense  sickness  of  the  first  winter  is  but  too  well 
remembered. 

Army  Medical  Regulations, 

Before  an  army  takes  the  field,  the  Director-General  may  appoint  a  medical 
officer  to  act  as  Field- Inspector  under  the  principal  medical  officer,  but  not  to 
act  as  sanitary  officer.  The  Director-General  prepares  lists  of  all  medicines, 
stores,  &c.    The  amount  of  transport  and  of  stores  is  laid  down. 

The  Director-General  also,  on  requirement  by  the  War  Office,  gives  an 
account  of  Everything  in  the  proposed  scene  of  operations  which  may  afi'ect  the 
health  of  the  men.  He  appoints  a  sanitary  officer  to  be  attached  to  the 
Quartermaster-General's  department.  He  issues  instructions  to  the  principal 
medical  officer  and  sanitary  officer  on  all  matters  connected  with  rations, 
clothing,  shelter,  precautions  for  preventing  disease,  &c. 

The  sanitary  officer  inspects  all  proposed  encamping  ground,  quarters,  &c., 
and  supervises  the  sanitary  arrangements  of  all  camps,  towns,  hospitals,  &c. 
The  principal  medical  officer  advises  the  Commander  of  the  Forces  on  all 
matfers  affecting  health,  such  as  rations,  shelter,  clothing,  &c.,  and  may,  with 
the  sanction  of  the  Commander  of  the  Forces,  issue  instructions  on  such 
matters  to  the  medical  officers. 

The  sanitary  officer  inspects  the  camp  daily  ;  accompanies  the  Quarter- 
master-General on  the  march,  and  gives  his  advice  on  all  sanitary  points. 
He  is  supplied  with  information  to  aid  him  in  his  work  from  all  principal 
medical  officers  of  general  hospitals,  divisions,  and  brigades  in  the  field.  He 
transmits  a  weekly  sanitary  report  to  the  principal  medical  officer. 

Causes  of  Sickness  and  Mortality  in  War. 

The  chief  causes  of  sickness  and  mortality  in  the  English  army  have  been 
in  order  of  fatality — 

1.  Diseases  arising  from  improper  and  insufficient  food,  viz.,  general 
feebleness  and  increased  liability  to  malarious  fevers,  dysentery,  diarrhcea, 
&c.,  and  production  of  scurvy  and  scorbutic  dysentery. 

2.  Malarious  disease  from  unhealthy  sites. 

3.  Catarrhs,  bronchitis,  pleurisy,  pneumonia,  rheumatism,  dysentery  (1) 
produced  by  inclemencies  of  weather. 


army,  looked  after  the  sick,  and  provided  everything  required  by  the  surgeons.  Both  Livv  and 
Tacitus  niention  that  the  commanding  officers  used  to  visit  the  sick  and  wounded  soldiers  to 
Sff  .  were  .yell  taken  care  of.  The  great  health  of  the  Roman  soldiers  was  evidenth 
owing  to  their  great  temperance;  their  excellent  warm  tents  made  of  hides  ;  their  carefullv 
kept  camps  ;  the  warm  war  dress  or  sagum,  and  their  constant  exercise  J»eiuuj 
Rules  of  thz  Macedonians.— 'The  only  noti  ce  of  the  means  by  which  Alexander  tbp  Praa+ 
preserved  so  wonderfully  the  health  of  Ins  small  army  seen.s  to  be  a  st.SeLt  that  iL  fSquenth 
£e1.i;r::^;3fi[r«^^^  -  ThisgreatsoldiemiusJSS^ 
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4.  Spotted  typhus,  kept  up  and  spread  (if  uot  produced)  by  overcrowding 
and  uncloanliness. 

5.  Contagious  dysentery,  arising  from  foul  camps  and  latrines. 

6.  Enteric  and  perhaps  other  fevers,  produced  by  foul  camps. 

7.  Exhaustion  and  debility,  produced  by  excessive  fatigue — a  very  great 
predisposing  cause  of  almost  all  other  diseases. 

8.  Cholera,  in  India  especially. 

9.  Yelloiv  fever  in  the  West  Indian  and  West  African  campaigns, 

10.  Plague  in  Egypt. 

11.  The  exanthemata  occasionally. 

12.  Ophthalmia. 

13.  Venereal  diseases. 

Of  these  diseases  the  most  fatal  have  been  scorbutic  dysentery  and  typhus. 
It  is  indeed  curious  to  see  how  invariably  in  all  wars  the  scorbutic  taint 
occurs,  and  frequently  in  how  early  a  period  of  the  campaign  it  can  be 
detected.  There  almost  seems  to  be  something  in  the  fatigues  and  anxietie.-; 
of  war  which  assists  its  development.  It  frequently  complicates  every  other 
disease,  impresses  on  them  a  peculiar  character,  and  renders  them  very 
intractable  to  treatment.  This  is  the  case  with  dysentery,  enteric  fever, 
malarious  fever,  and  spotted  typhus.  With  the  last  disease,  especially,  it  has 
intimate  relations,  and  contributes  apparently  to  its  propagation  by  rendering 
the  frame  more  easily  attacked  by  the  specific  poison. 

One  of  the  most  important  preventive  measures  to  be  adopted  in  war  is  the 
prophylactic  treatment  of  scurvy.  But  with  a  full  knowledge  of  this,  the 
disease  cannot  always  be  avoided.  The  Federal  Americans  were  fully  aware 
of  the  necessity  of  combating  it,  and  made  immense  efforts  to  do  so.  They 
did  not  succeed,  and  so  marked  and  so  general  was  the  scorbutic  taint  in  their 
army,  that  its  combinations  w^ith  enteric  fever  and  malaria  have  been  lookoil 
upon  as  new  diseases. 

If  scurvy  could  be  prevented,  every  other  war  disease  ought  to  be  compara- 
tively trifling.  Inflammations  from  exposure,  exhaustion  from  fatigue,  and 
gastro-intestinal  affections  from  improper  food  and  atmospheric  vicissitudes, 
would  still  occur;  but  the  ravages  of  typhus,  enteric  fever,  malaria,  and 
dysentery  ought  to  be  trifling,  and  easily  prevented. 

To  prevent  scurvy,  then,  is  one  of  the  most  important  measures. 

If  scurvy  be  absent,  typhus  fever  is  readily  treated ;  isolation  and  the 
freest  ventilation  are  certain  to  stop  it.  The  only  great  danger  would  be 
in  a  besieged  and  crowded  fortress.  In  such  a  place  it  may  be  beyond 
control,  but  early  recognition  and  prompt  isolation,  as  far  as  it  can  be 
done,  and  as  free  ventilation  as  possible,  may  perhaps  stop  it.  It  is  in  such 
cases  that  we  should  freely  use  the  nitrous  acid  fumes  and  other  dismfectant 

vapours.  .  , 

Enteric  (typhoid)  fever  and  contagious  dysentery,  m  the  same  way,  ouglit 
with  certainty  to  be  prevented  in  a  camp.  Eecent  experience,  however, 
in  Aff-hanistan,  South  Africa,  and  Egypt  has  shown  what  ravages  enteric 
fever  can  make,  and  how  rapidly  it  is  generated  and  spread  among  troops  m 
campaic^n.  This  is  certainly  due  to  the  neglect  of  proper  hygienic  measures. 
The  first  case  even  should  make  us  take  urgent  measures  for  the  cleansing 
of  latrines,  or,  better  still,  the  closing  of  all  the  old  and  the  opening  of  fresh 
ones  But  the  best  plan  of  all  is  to  shift  the  encamping  ground,  and  we 
should  remember  the  old  Roman  maxim,  based  doubtless  on  observation  ot 
typhoid  fevers,  that  this  must  be  done  more  often  m  the  autumn. 

The  exanthemata,  measles,  and  scarlet  fever  sometimes  spread  largely 
through  an  army  ;  the  only  plan  is  to  separate  all  cases,  and  send  them  one 
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day's  march  on  the  flank  of  the  army,  if  it  can  be -done,  not  in  the  direction 

of  the  line  of  supplies. 

Plague  probably  demands  the  same  measures  as  typhus. 

The°measures  for  cholera  have  been  already  sufficiently  noted. 

The  diseases  of  exposure  can  hardly  be  avoided,  but  may  be  lessened  by 
warm  clothes  and  waterproof  outer  coverings.  Flannel  should  be  used  next 
the  skin  all  over  the  trunk  and  extremities,  and  is  indispensable.  One  ot  the 
most  important  means  to  enable  troops  to  stand  inclemencies  of  weather,  and 
indeed  all  fatigues,  is  hot  food.  Coffee  and  tea  are  the  best,  and  hot  spirits 
and  water,  though  useful  as  an  occasional  measure,  are  much  inferior,  it  indeed 
they  do  any  good  at  all  apart  from  the  warmth.  But  the  supply  of  liot  tood 
in  war  should  be  carefully  attended  to,  especiaUy  in  the  case  of  breakfast, 
after  which  men  will  undergo  without  harm  great  exposure  and  fatigue. 

It  is  unnecessary  to  enter  at  greater  length  into  the  measures  to  prevent  the 
diseases  of  war,  for  the  proper  plans  have  been  all  enumerated  previously. 
We  may  conclude  only  that  much  can  be  done  to  prevent  disease,  but  we 
must  also  remember  that  the  course  of  campaigns  sometimes  is  too  violent  and 
overpowering  for  our  efforts,  and  that  wars,  like  revolutions,  will  never  be 
made  with  rose  water. 

Recapitulation  of  the  Duties  of  a  Sanitary  Officer  duiing  War, 
To  go  forward  with  the  officers  of  the  quartermaster-general's  department,  to 
choose  the  camping  ground  ;  arrange  for  surface  drainage  ;  if  necessarily  in  a 
malarious  place,  make  use  of  all  obstacles,  as  hills,  trees,  &c.,  to  throw  oflf  the 
malaria  from  the  tents ;  place  the  tents  with  the  openings  from  the  malarious 
quarter.  If  possible,  never  take  low  hills  (100  to  250  feet)  above  marshy 
plains.  Arrange  for  the  water  supply,  and  for  the  service  of  the  men,  animals, 
and  washing.  As  soon  as  possible  fix  the  sites  for  the  latrines ;  have  them 
dug  out,  and  make  dry  paths  to  them.  As  soon  as  the  tents  are  pitched, 
visit  the  whole  camp,  and  see  that  the  external  ventilation  is  not  blocked  in 
any  way,  and  that  the  tents  are  as  far  off  each  other  as  can  be  permitted. 
Assign  their  work  to  the  scavengers,  and  mark  out  the  places  of  deposit  for 
refuse.  It  is  of  the  greatest  importance  that  all  refuse  should  be  immediately 
and  completely  destroyed  by  fire.  The  destruction  of  the  stools  of  enteric, 
dysenteric,  and  choleraic  patients  by  the  same  means  would  probably  prove  a 
most  important  precaution.  The  daily  inspection  should  include  all  these 
points,  as  well  as  the  inspection  of  the  food  and  cooking  and  of  the  slaughter- 
houses. If  the  camp  be  a  large  one,  a  certain  portion  should  be  selected 
every  day  for  the  careful  inspection  of  the  individual  tents,  but  it  should  be 
made  in  no  certain  order,  that  the  men  may  not  prepare  specially  for  the 
inspection. 

A  set  of  rules  should  be  drawn  up  for  the  men,  pointing  out  the  necessity 
of  ventilation,  cleanliness  of  their  persons,  tents,  and  ground  around  them, 
and  ordering  the  measures  which  are  to  be  adopted.  This  will  have  to  be  pro- 
mulgated by  the  general  in  command. 

In  the  daily  work,  a  certain  order  and  routine  should  be  followed,  so  that 
nothing  shall  be  overlooked. 

The  sanitary  officer  of  a  large  camp  can  never  perform  his  duties  without 
the  most  unremitting  support  from  the  medical  officers  attached  to  regiments, 
who  are  the  sanitary  officers  of  their  respective  corps.  Not  only  must  they 
inspect  their  own  regimental  camps,  but  by  an  immediate  report  to  the 
sanitary  officer  of  any  disease  which  can  possibly  be  traced  to  some  camp 
impurity,  they  should  render  it  possible  for  the  commencing  evil,  of  what- 
ever kind,  to  be  detected  and  checked. 
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poi  .  f  r^'^  "'^''''■^^  ^^'^  0^        reported  sick  from 

each  reguneijt  should  be  made  known,  and  a  calculation  made  of  sickl 
strength  and  then  if  any  regiment  showed  any  excess  of  sick,  the  sanitary 
state  of  Its  camp  should  be  specially  and  thoroughly  investigated. 

Hospitals  in  War.^ 
With  an  army  in  the  field,  hospitals  are  of  several  kinds. 

1.  The  principal  General  Hospital  at  the  base  of  operations. 

2.  The  Intermediate  Hospitals,  divided  into  

a.  The  Field  Hospitals  stationed  at  the  base  or  on  the  line  of  communi- 
cation. 

I.  The  Field  Hospitals  proper,  which  move  with  the  corps,  and  include 
the  dressing  stations  and  regimental  stations. 
The  old  Regimental  Hospital  is  now  definitely  abolished,  but  medical  and 
surgical  assistance  is  provided  by  a  medical  officer  with  one  or  two  attendants, 
accompanied  by  bearers,  with  stretchers  when  required,  as  in  action  in  the 
field.  The  sick  are  treated  in  the  field  hospitals  first,  and  then  passed  on  to 
the  intermediate  hospitals  in  rear,  which  are  again  evacuated,  as  occasion 
requires,  by  transfer  of  patients  to  the  principal  general  hospital  at  the 
base.  This  last  will  be  in  a  convenient  station  on  the  frontier,  or,  in 
case  of  an  insular  nation  like  ourselves,  on  some  sea-coast  easily  accessible. 
It  is  from  it  that  men  will  ultimately  be  invalided  home  if  unfit  for  further 
service. 

For  each  army  corps  (of  nominally  36,000  men)  25  field  hospitals  are 
appointed, — 12  to  move  with  the  corps,  and  13  to  be  stationed  at  the  base 
and  along  the  lines  of  commiinication,^— each  is  equipped  for  200  sick,  and 
may  be  divided  into  half  hospitals  for  100  each,  if  necessary.  Slight  cases 
would  be  treated  in  the  field  hospitals,  but  all  cases  likely  to  take  any  time 
should  be  sent  to  the  rear  of  operations  as  soon  as  possible.  Cases  of  fever 
(typhus  and  enteric)  ought  to  be  removed  as  soon  as  possible  far  from  the 
field  force.  It  is  of  great  importance  that  they  should  not  be  put  near 
surgical  cases,  which  ought  to  be  kept  separate,  or  mixed  only  with  non- 
communicable  diseases.  1'his  (the  separation  of  fever  from  surgical  cases) 
was  a  Peninsular  rule  of  Sir  James  M'Grigor,  and  should  never  be  forgotten. 
Ophthalmic  cases  ought  also  to  be  isolated. 

The  hospitals  in  rear  may  be  at  some  distance,  but  connected  either  with 
a  railway  or  by  water  carriage.  It  is  of  great  importance  to  keep  continually 
sending  patients  from  the  division  and  general  hospitals  with  the  army  to  the 
hospitals  in  rear.  It  is  not  only  to  keep  the  hospitals  in  front  empty  for 
emergencies,  and  to  facilitate  all  movements  of  the  army,  but  it  has  a  great 
ejffect  on  the  army  itself.  A  great  hospital  full  of  sick  is  a  disheartening 
spectacle,  and  often  damps  the  spirits  of  the  bravest  men.  The  whole  army 
is  higher  in  hope  and  spirits  when  the  sick  are  removed,  as  was  shown 
remarkably  by  the  Austrian  experience  of  1859.  The  sick  themselves  are 
greatly  benefited  by  the  removal ;  the  change  of  scene,  of  air,  of  ideas,  has 


^  Sir  James  M'Grigor,  in  the  Peninsula,  established  divisional  hospitals  in  front,  and  con- 
valescent hospitals  in  the  rear,  where  the  men  were  received  en  route  to  the  depot.  Although 
he  does  not  describe  his  system  fully  in  his  paper  in  the  Medico-Chirurgical  Transactions  (vol 
vi.),  it  is  evident  from  his  Autobiography  that  his  constant  practice  was  to  send  off  the  sick  as 
soon  as  possible.  This  is  shown  by  his  narrative  of  the  retreat  from  Burgos,  when  he  saved 
Lord  Wellington  from  the  mortification  of  abandoning  his  sick  and  wounded  to  the  enemy. 
Professor  Longmore,  in  liis  most  instructive  work  on  Transport,  has  detailed  at  length  the  means 
of  transport  of  the  sick  and  wounded,  and  other  important  matters  of  the  kind. 

2  For  full  details  of  the  new  Hospital  organisation  in  the  field,  see  Professor  Longmore's 
work,  Gunshot  Injuries  (1877),  sect.  ix.  chap.  1. 
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itself  a  marvellous  effect,  and  this  is  another  great  reason  for  constantly 
evacuating  the  sick  from  the  hospitals  in  front. 

The  men  who  are  reported  for  hospital  in  war  must  he  divided  into  several 
classes — 

1.  Slightly  wounded  should  be  treated  in  the  field  or  intermediate 
hospitals,  and  then  return  to  duty. 

2.  Severely  wounded  at  first  in  the  field  hospitals,  then  sent  to  the  inter- 
mediate hospital,  and  then  to  the  rear,  as  convalescence  is  always  long. 

3.  Slight  colds,  diarrhoea,  &c.,  treated  in  the  field  hospitals. 

4.  Severer  colds,  bronchitis,  pleurisy,  pneumonia,  dysentery,  &c.,  should 
be  sent  at  once  to  the  intermediate  hospital,  and  then  to  the  rear  as  soon  as 
they  can  move  with  safety, 

5.  Typhus  fever  at  once  to  the  hospitals  in  rear,  if  possible  without  entering 
the  field  hospitals. 

6.  Enteric  cases,  also,  should  be  sent  to  the  rear,  and,  in  fact,  all  severe 
cases.    The  field  hospitals  should  be  always  almost  empty,  and  ready  for 


emergencies 


These  hospitals  in  rear  may  be  even  two  or  three  days'  journey  off",  if  con- 
veyance be  by  water,  or  one  or  two  days  if  by  rail.  Sick  and  wounded  men 
bear  movement  wonderfully  well,  with  proper  appliances,  and  are  often  indeed 
benefited.! 

The  proper  position  for  the  hospitals,  at  the  base  of  operations,  must  be 
fixed  by  the  commander  of  the  forces  at  the  commencement  of  the  campaign, 
as  he  alone  will  know  what  point  will  be  the  base  of  supplies,  and  it  is  of 
importance  to  have  these  great 'hospitals  near  the  large  stores  which  are 
collected  for  the  campaign. 

It  seems  now  quite  clear  that  these  hospitals  should  not  be  the  ordinary 
buildings  of  the  country  adapted  as  hospitals.  Such  a  measure  seldom  suc- 
ceeds, and  the  mere  adaptation  is  expensive,  though  probably  always  imper- 
fect,2  Churches  should  never  be  taken,  as  they  are  not  only  cold,  but  often 
damp,  and  there  are  often  exhalations  from  vaults. 

The  French,  Austrian,  and  American  experience  is  in  favour  of  having  the 
hospitals  in  rear  made  of  tents  or  wooden  huts.  The  huts  are  perhaps  the 
best,  especially  if  the  winter  be  cold.  They  were  very  largely  used  by  the 
Federal  Americans,  who  gave  up  entirely  converting  old  buildings  into 
hospitals.  The  best  huts  which  were  used  in  the  Eussian  war  of  1854-56 
were  those  erected  at  Eenkioi  from  Mr.  Brunei's  design ;  each  held  fifty  men 
m  four  rows.  This  plan,  however,  is  not  so  good  a  one  as  having  only  two 
rows  of  beds,  Hammond  3  states  that  in  the  American  war  the  best  size  has 
been  found  to  be  a  ward  for  fifty  men  with  two  rows  of  beds  ;  length  of  ward, 
175  feet;  width,  25;  height,  U  feet;  superficial  area  per  man,  87  feet- 
cubic  space  per  man,  1200  feet.  Ventilation  was  by  the  ridge,  an  openino- 10 
inches  wide,  running  the  whole  length,  and  by  openings  below,  which  could 
be  more  or  less  closed  by  sliding  doors.  Some  of  the  American  hospitals  held 
from  2000  to  2800  beds.^  It  is  probable,  however,  that  smaller  wards  (for 
25  men)  would  be  better.  ^ 


nlpZ'lf^lZ]  ;^.'sSy50.  ^""''  °"  ^^S^^-' Jr^ny  Medical 

2  Donald  Monro  says  that,  in  1769,  the  houses  in  Germany  taken  for  the  sick  were  imnroved 
by  taking  away  the  stoves  and  putting  in  open  fire-places.  In  the  Peninsula  the  dX  of 
Wellington  appeared  to  have  a  dread  of  fever  attacking  the  army.    Luscon.be  tells  us  tl  at  th. 

?rnvlf?v,'\*^"  ^:"r;P'^  T'^-'"''^  ''^"'I  '"•^^-^  ^^^^  --^^  ^othe  appearance  of  frver    Hra  so  Si 
proved  the  hospitals  by  ordering  open  fire-places.— Zitsco??i6c,  p  6  -neaisoim- 

3  On  Hygiene,  p.  355.  ' '  ' 

description.^""*  ^'■'^^  ^'^^''"^  ^'P^'^      1S62,  p.  345  ct  seq.,  for  a  fuller 
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An  hospital  constructed  of  such,  huts  can  be  of  any  size,  but  there  must  be 
several  kitchens  and  laundries  if  it  be  very  large.  If  space  permit,  however, 
it  seems  desirable  to  have  rather  a  collection  of  smaller  hospitals  of  500  beds 
each,  separated  by  half  a  mile  of  distance,  than  one  large  hospital. 

The  arrangement  of  the  huts  must  be  made  according  to  the  principles 
already  laid  down.    Dr.  Hammond  writes  thus  of  these  hospitals  : — 

"It  will,  perhaps,  not  be  out  of  place  again  to  insist  on  the  great 
advantages  of  these  temporary  field  hospitals  over  those  located  in  permanent 
buildings  in  towns.  Nothing  is  better  for  the  sick  and  wounded,  winter  and 
summer,  >thau  a  tent  or  a  ridge-ventilated  hut.  The  experience  gained  during 
the  present  war  establishes  this  point  beyond  the  possibility  of  a  doubt. 
Cases  of  erysipelas  or  of  hospital  gangrene  occurring  in  the  old  buildings, 
which  were  at  one  time  unavoidably  used  as  hospitals,  but  which  are  now 
almost  displaced  for  the  ridge-ventilated  pavilions,  immediately  commenced 
to  get  well  as  soon  as  removed  to  the  tents.  But  in  one  instance  that  has 
come  to  my  knowledge  has  hospital  gangrene  originated  in  a  wooden 
pavilion  hospital,  and  in  no  instance,  as  far  as  I  am  aware,  in  a  tent. 
Hospital  gangrene  has  been  exceedingly  rare  in  all  our  hospitals,  but  two  or 
three  hundred  cases  occurring  among  the  many  wounded,  amounting  to  over 
100,000  of  the  loyal  and  rebel  troops,  which  have  been  treated  in  them. 
Again,  wounds  heal  more  rapidly  in  them,  for  the  reason  that  the  full 
benefit  of  the  fresh  air  and  the  light  are  obtained.  Even  in  fractures  the 
beneficial  effects  are  to  be  remarked."^ 

Baron  Larrey,  in  his  useful  work,2  describes  the  plans  adopted  by  the  French 
in  the  Italian  war  of  1859.  At  Constantinople,  during  the  Crimean  war,  the 
French  were  apparently  very  well  installed;  the  best  buildings  in  Constanti- 
nople were  assigned  to  them,  and  they  were  arranged  with  all  the  accuracy  of 
organisation  which  distinguishes  the  French.  The  results  were  not,  however, 
favourable,  especially  in  the  spring  of  1856,  when  typhus  spread  through 
many  of  the  hospitals,  and  caused  great  mortality. 3  Taught  by  this  experi- 
ence, in  the  Italian  war  of  1859  the  French  distributed  theu^  sick  m  small 
hospitals  whenever  they  could  find  a  building,  and  in  this  way  the  extension 
of  the  specific  diseases  was  entirely  stopped. 

In  the  great  Franco-Prussian  war  of  1870-71,  the  Germans  made  gi-eat  use 
of  temporary  hospitals,  and  distributed  their  sick  and  wounded  over  ahnost 
the  whole  of  Germany.  The  plans  were  very  similar  to  those  used  m  the 
Crimean  and  American  wars.  In  some  of  the  large  cities,  as  at  Berlin, 
immense  hospitals,  with  railways  and  every  appliance,  were  fitted  up.  iiie 
experience  as  regards  hospital  gangrene  and  erysipelas  was  favourable,  but 
there  were  many  cases  of  pyaemia  in  some  of  these  hospitals. 

To  sum  up,  the  hygiene  of  field  hospitals  in  war  (the  rules  are  derived  from 
our  own  Crimean  experience,  and  that  of  the  wars  which  have  taken  place 
since)  is  as  follows -.—The  field,  including  the  intermediate,  hospitals  to 
be  made  of  tents  ;  the  tents  being  well  constructed,  of  good  size,  thoroughly 
ventilated,  the  flaps  being  able  to  be  raised  so  as  almost,  if  desired,  to  make 

^  On  Hygiene,  ^.Z^l.  .  . 

severe,  and  spared  no  one  (7U  injirmiers,  m  sma^s,  m  medecim)  ^'iff^'^^l^^^^^^ 

was  the  same  mistake,  and  the  same  results     Typhus  caused  50  per  c^^^^^^^  IS  only  10 

the  hospital  of  the  Ecole  Militaire  no  crowding  ^vas  perniitted  and  typhus ^c^^^^^^ 

cent,  of  the  deaths.    In  the  French  amhulances  in  the  Cnmea  the  same  lacts 

Double  and  treble  numbers  were  crowded  into  some,  and  they  were  ravaged  bj  t>  phus  ,  cine 

were  not  allowed  to  be  crowded,  and  had  little  typhus. 
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the  tent  into  an  awning.  The  most  convenient  and  Ijest  are  the  hospital 
marquees  of  the  new  pattern,  except  for  their  considerable  weight.  The 
new  double  circular  tents  will  now  be  used  in  all  probability :  they  are  a 
great  improvement  on  the  old  bell-tent,  and  lighter  than  the  marquee. 
Each  weighs  lOOffi)  dry,  and  four  patients  are  put  in  a  tent.  For  operating 
purposes,  the  central  pole  can  be  removed  and  a  tripod  support  substituted, 
so  as  to  leave  the  centre  free. 

The  ground  round  the  tents  to  be  thoroughly  drained,  kept  very  clean, 
and  replaced  from  time  to  time.  The  tent  floor  to  be  covered  with  cleau, 
and,  if  possible,  dried  earth,  or  charcoal,  and  to  be  then  covered  with  a 
waterproof  cloth,  or  boarded,  if  the  camp  be  one  of  position.  In  either 
case  the  greatest  care  must  be  taken  that  the  ground  does  not  get  soaked 
and  filthy.  Every  now  and  then  (if  possible  every  ten  days  or  so)  the  tents 
should  be  shifted  a  little. 

If  it  can  be  done,  the  sick  should  be  raised  off  the  ground.  Iron  bed- 
steads are  cumbrous,  but  small  iron  pegs  stuck  in  the  ground  might  carry 
a  sort  of  cot  or  hammock.  The  advantage  of  a  plan  of  this  kind  is,  that 
by  means  of  holes  in  the  sacking,  wounded  men  can  have  the  close-stool 
without  much  movement.  For  fever  cases  it  permits  a  free  movement  of  air 
under  the  patient. 

The  stationary  general  hospitals  in  rear  should  be  of  tents  or  wooden 
huts,  but  never  of  converted  buildings,  or  of  hospitals  used  by  other  nations. 
Here,  of  course,  iron  bedsteads,  and  all  the  appurtenances  of  a  regular  hospital, 
are  brought  into  play. 

Whenever  jDracticable,  the  rear  hospital  should  have  water-closets  and 
sewers.  At  Kenkioi,  in  Turkey,  Mr.  Brunei  supplied  square  wooden  sewers 
about  fifteen  inches  to  the  side ;  they  were  tarred  inside,  and  acted  most 
admirably,  without  leakage,  for  fifteen  months,  till  the  end  of  the  war. 
The  water-closets  (Jenning's  simple  siphon),  arranged  with  a  small  water-box 
below  the  cistern  to  economise  water,  never  got  out  of  order,  and,  in  fact,  the 
drainage  of  the  hospital  was  literally  perfect.  Dr.  Parkes  had  little  doubt 
such  weU-tarred  wooden  sewers  would  last  two  or  three  years. 

There  is  one  danger  about  wooden  hospitals,  viz.,  that  of  fire.  The  huts 
should,  therefore,  on  this  ground  alone,  be  widely  separated ;  each  hut  should 
have,  about  ten  feet  from  it,  an  iron  box  for  refuse.  Wooden  boxes  do  not 
answer,  as  in  the  winter  live  cinders  get  thrown  in,  and  there  is  danger  of 
fire.  These  boxes  should  be  emptied  every  morning  by  the  scavengers,  and 
the  contents  burned  as  soon  as  possible.  Water  must  be  laid  on  into  every 
ward. 

The  arrangement  of  the  buildings  is  a  simple  matter,  but  must  partly  be 
determined  by  the  ground.  Long  open  lines  are  the  best.  An  hospital  of 
this  kind,  completely  prepared  in  England,  can  be  put  up  at  a  very  rapid  rate,i 
supposing  there  be  no  great  amount  of  earth-work,  and  that  the  supply  of 
water  and  of  outlet  for  sewage  be  convenient.  So  that,  if  commenced  at 
once  at  the  beginning  of  a  campaign,  accommodation  would  soon  be 
provided. 


1  The  hospital  at  Eenkioi,  in  Turkey,  in  the  Crimean  war.  was  made  of  such  large  huts 
(50  men  in  each)  that  its  rapidity  of  erection  is  no  guide  to  others  ;  yet  it  was  marvellously 
soon  put  up.  The  first  beam  was  laid  on  tlie  24th  May  1855,  on  the  12th  July  it  was  reported 
ready  for  300  sick,  every  ward  having  water  laid  on,  baths  and  closets,  and  an  iron  kitchen  and 
laundry  being  also  ready  ;  on  the  11th  August  it  was  ready  for  500,  and  on  the  4th  December 
for  1000  sick.  In  January  1856  it  was  ready  for  1500  sick,  and  in  a  short  time  more  2-^00  could 
have  been  received.  The  number  of  English  artisans  were  only  lorty,  but  we  had  native  work- 
men,  and  if  we  had  had  eighty  English  artisans  it  would  have  been  ready  for  1000  sick  in  three 
months.   Smaller  huts  could  be  put  up  in  much  less  time  if  the  ground  requires  no  terracino- 
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Circumstances  may  of  course  render  it  necessary  to  take  existing  buQdings 
for  hospital  purposes,  but  it  ought  always  to  be  remembered  that  it  is 
running  a  very  great  risk,  and  nothing  but  rigid  necessity  ought  to  sanc- 
tion it. 

Laundry  Estcibluhment 

This  part  of  an  hospital  must  be  organised  as  early,  and  as  perfectly,  as 
possible.  The  different  parts  must  be  sent  out  from  England,  viz.,  boiler, 
drying-closet,  washing-machines,  and  wringing-machines.  The  washing  in  war 
can  never  be  properly  done  by  the  people  among  whom  the  war  is  carried  on. 
Every  appliance  to  save  labour  must  be  used,  and  after  calculating  what 
amount  of  laundry  work  has  to  be  done  for  a  presumed  number  of  sick,  just 
twice  the  amount  of  apparatus  should  be  sent  out,  partly  to  insure  against 
breakage,  partly  to  meet  moments  of  great  pressure.  The  drying-closet, 
especially,  is  a  most  important  part  of  the  laundry,  as  its  heat  can  be  used  to 
disinfect. 

Amount  of  Hospital  Accommodation. 

This  must  not  be  less  than  for  25  per  cent,  of  the  force,  with  reserve  tents 
in  rear  in  case  of  need. 

Cemeteries  in  war  must  be  as  far  removed  as  possible;  the  graves  dug  deep, 
and  peat  charcoal  thrown  in  if  it  can  be  procured.  Lime  is  generally  used 
instead,  but  is  not  quite  so  good.  If  charcoal  cannot  be  got,  lime  must  be 
used.  If  the  army  is  warring  on  the  sea-coast,  burial  in  the  sea  might  be 
employed.  But  cremation  would  be  best,  and  forms  of  ambulatory  furnaces 
have  been  proposed. 

Sanitary  Duties  connected  with  a  War  Hospital. 

In  addition  to  the  usual  sanitary  duties  of  an  hospital,  there  are  one  or  two 
points  which  require  particular  attention  in  the  field. 

The  first  of  these  is  the  possible  conveyance  of  disease  by  the  exceedingly 
dirty  clothes,  which  may  perhaps  have  been  worn  for  weeks  even  without 
removal,  in  the  hard  times  of  war.  Typhus,  especially,  can  be  carried  in  this 
way. 

To  provide  for  this,  every  hospital  should  have  a  tent  or  building  for  the 
reception  of  the  clothes;  here  they  should  be  sorted,  freely  exposed  to  air, 
and  the  dirty  flannels  or  other  filthy  clothes  picked  out.  Some  of  these  are 
so  bad  that  they  should  at  once  be  burnt,  and  the  principal  medical  officer, 
at  the  beginning  of  a  campaign,  should  have  authority  given  him  to  do  this, 
and  to  replace  the  articles  from  the  public  store. 

The  articles  which  are  not  so  bad  should  be  cleansed.  The  cleansing  is 
best  done  in  the  following  way: — If  the  hospital  have  a  laundry  and  drying- 
closet,  they  should  be  put  first  in  the  drying-closet  for  an  hour,  and  the  heat 
carried  to  220°  Fahr.  Then  they  should  be  transferred  into  the  fumigation 
box;  this  is  simply  a  tin-lined  box  or  large  chest.  The  clothes  are  put  in 
this,  and  sulphur  placed  above  them  is  set  on  fire,  care  being  taken  not  to 
burn  the  clothes;  or  nitrous  acid  fumes  should  be  used.  After  an  hour's  de- 
tention in  the  fumigating  box,  they  should  be  removed  to  the  soaking  tubs. 
These  are  large  tubs  with  pure  water,  put  in  a  shed  or  tent  outside  the  laundry. 
A  little  chloride  of  lime  can  be  added  to  the  water.  They  should  soak  here 
for  twenty-four  hours,  and  then  go  into  the  laundry  and  be  washed  as  usual. 
This  plan,  and  especially  the  heating  and  fumigation,  will  also  kill  lice,  which 
often  swarm  in  such  numbers. 

Another  point  of  importance  is  to  bathe  the  men  as  soon  as  possible.  The 
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baths  of  a  war  hospital  at  the  base  of  operations  should  be  on  a  large  scale, 
and  the  means  for  gettmg  hot  water  equally  large.  The  men's  heads,  if  lousy, 
should  be  washed  with  a  little  weak  carbolic  acid,  which  kills  the  lice  at  once. 
The  smell  is  not  agreeable,  but  that  is  not  of  real  consequence. 

In  a  war  hospital,  also,  the  use  of  charcoal  in  the  wards,  antiseptic  dressings, 
the  employment  of  disinfectants  of  all  kinds,  is  more  necessary  than  in  a  com- 
mon hospital. 

As  a  matter  of  diet,  there  should  be  a  large  use  in  the  diet  of  antiscorbutic 
food,  vegetables,  &c.,  and  antiscorbutic  drinks  should  be  in  every  ward,  to  be 
taken  ad  libitum — citric  acid  and  sugar,  cream  of  tartar,  &c.  The  bread  must 
be  very  good,  and  of  the  finest  flour,  for  the  dysenteric  cases. 

Sieges. 

The  sanitary  duties  during  sieges  are  often  difficult.  Water  is  often 
scarce,  disposal  of  sewage  not  easy,  and  the  usual  modes  of  disposal  of  the 
dead  cannot,  perhaps,  be  made  use  of.  If  sewage  is  not  washed  away,  and  if 
there  is  no  convenient  plan  of  removing  it  by  hand,  it  must  be  burnt.  Mix- 
ing it  with  gunpowder  may  be  adopted  if  there  is  no  straw  or  other  com- 
bustible material  to  put  with  it. 

If  food  threaten  to  run  short,  the  medical  officer  should  remember  how 
easily  Dr.  Morgan's  process  of  salting  meat  can  be  applied,  and  in  this  way 
cattle  or  horses  which  are  killed  for  want  of  forage,  or  are  sliot  in  action,  can 
be  preserved.  For  sieges,  as  vegetables  are  sure  to  fall  short,  a  very  ample 
supply  of  lemon-juice  and  of  citric  acid,  citrates,  and  cream  of  tartar,  should 
be  laid  in,  and  distributed  largely. 

One  other  point  should  be  brought  to  the  notice  of  the  general  in  command. 
In  times  of  pressure,  every  man  who  can  be  discharged  from  the  hospital  is 
sent  to  the  front.  This  cannot  always  be  avoided.  But  when  there  is  less 
pressure,  the  men  should  go  from  the  rear  hospitals  to  a  depot,  and  while  there 
should  still  be  considered  under  medical  treatment,  so  that  they  may  not  too 
soon  be  subjected  to  the  hardships  of  war.  They  should,  in  fact,  be  subjected 
again  to  a  sort  of  training,  as  if  they  were  just  entering  on  the  war.  If  this 
is  not  done,  a  number  of  sickly  or  half-cured  men  get  into  the  ranks,  who  may 
break  down  in  a  moment  of  emergency,  and  cause  great  difficulty  to  the 
general  in  command.  Some  officers  think  that  a  man  should  either  be  in 
hospital  or  at  his  full  duty ;  this  seems  a  misapprehension  both  of  the  facts 
and  of  the  best  way  of  meeting  them.  To  transfer  a  man  just  cured,  from 
the  comforts  of  an  hospital  at  once  to  the  front,  is  to  run  great  danger.  A 
dep6t,^  which  should  be  a  sort  of  convalescent  hospital,  though  not  under  that 
term,  is  the  proper  place  to  thoroughly  strengthen  the  man  just  recovered  for 
the  arduous  work  before  him. 


702 


APPENDIX. 


APPENDIX  A. 


8TANDAED  SOLUTIONS  FOE  VOLUMETRIC  ANALYSIS. 

1.  For  Chlorine. 

(a)  Silver  Nitrate  Solution. 

4-788  grammes  of  silver  nitrate  in  1  litre  of  distilled  water. 
1  CC.  of  solution  =  1 -00  milligrammes  of  chlorine. 

5,  „       =1'65  „  of  sodium  chloride. 

„       =2'10  „         of  potassium  chloride.* 

„  „       =r51  „  of  ammonium  chloride. 

This  soUxtion  may  be  standardised  with  a  solution  of  pure  sodium  chloride, 
1-648  to  the  litre,  1  CC.  of  which  equals  1  mgm.  of  chlorine. 

(6)  Potassium  Monochromate  Solution. — 50  grammes  of  potassium  monochromate 
are  dissolved  in  one  litre  of  distiUed  water.  Solution  of  nitrate  of  silver 
is  added  until  a  permanent  red  precipitate  is  formed,  which  is  allowed  to 
settle. 

2.  Hardness. 

(a)  Soaji  Solution. 

Dissolve  some  soft  soap  (pharmacopoeial)  in  diluted  spirit,  and  graduate  hj 
means  of  this  harytic  solution. 

Nitrate  of  barium,       .       .       .       ()'26  grammes. 
Distilled  water,    ....  1  litre. 

2-2  CC.s  (or  22  measures)  of  standard  soap  solution  produce  a  permanent  lather 

with  50  CC.s  of  the  above  solution. 
1  measure  (  =  iV  CC.)  of  soap  solution  =  0-00025  gm.  =0-25  mgm.  of  calcium 

carbonate. 

Correction  for  lather  =  -  2  measures'  of  soap. 

Short  factors  (when  50  CC.s  of  water  are  taken  for  experiment). 

For  degrees  of  Clark's  scale  (1  :T0,000)  =0-35. 

„     Metrical  „   (1:100,000)  =0-50. 

{h)  A  weaker  solution,  each  measure  {-^  CC.)  of  which  is  equal  to  0-()7  mgm.  of 
CaCO^  is  sometimes  used.  The  correction  for  lather  would  be  V  measures 
of  soap.  The  corrected  number  of  measures,  divided  by  10,  gives  the 
hardness  in  Clarke's  scale  directly,  or  multiplied  by  0-14,  the  degrees  ou 
the  metrical  scale. 

?>.  Solutions  required  for  the  determination  of  Oxidisahle  Matter  in  W ater. 

{a)  Permanganate  Solution. 

0-395  of  potassium  permanganate  in  1  litre  of  water. 

100  CC.s  are  exactly  decolorised  by  100  CC.s  of  oxalic  acid  solution  (c).  (-Sec 
^^0-  7.) 

1  CC.  of  permanganate  solution  used  with  acid  yields  O'lO  milligi-amnie  ol 
oxygen. 

1  CC.  of  permanganate  solution  used  with  alkali  yields  0-06  mdligramme  ot 
oxygen. 
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1  CO.  of  permanganate  solution  exactly  oxidises  0-2875  mgms.  nitrous  acid 

1  Cc'i'^of'permanganate  solution  exactly  oxidises  0-2125  mgms.  liydrogen 

sulphide  (H2S).  . 
1  CC  of  permanganate  solution  exactly  oxidises  0-7000  mgms.  iron  (I  e).  _ 

^         °  0-9000    „        ferrous  oxide 

(FeO). 

(6)  Potassixm  Iodide  Solution.— A  10  per  cent,  solution  of  the  pure  potassium 

iodide,  recrystallised  from  alcohol. 
(c)  Dilute  Sulphuric  ^cicZ.— One  vohime  of  pure  sulphuric  acid  is  mixed  with 

three  volumes  of  distilled  water,  and  permanganate  solution  dropped  m 

until  the  whole  retains  a  very  faint  pink  tint,  after  warming  to  80  F.  for 

four  hours. 

{d)  Sodium  Hyposulphite.— One  gramme  of  crystallised  sodium  hyposulphite 

dissolved  in  1  litre  of  water. 
(e)  Starch  Solution.— One  gramme  of  starch  to  be  intimately  mixed  with  ^  litre 

of  distilled  water,  the  whole  boiled  briskly  for  five  minutes,  filtered,  and 

allowed  to  settle. 

4.  Solutions  for  determination  of  Free  and  Albuminoid  Ammonia, 
{a)  Ammonium  Chloride  Solution  for  Nesslerising. 

0-315  gramme  of  ammonium  chloride  in  1  litre  of  water. 

This  is  the  strong  solution. 
Take  100  CC.s  of  this  solution  and  dilute  to  1  litre. 

This  is  the  standard  solution. 
1  CC.=0-01  niiligramnie  of  ammonia  (NH3)  or  0-0082  mgm.  of  nitrogen. 

{}))  Nessler's  Solution.— Dissolve  35  grammes  of  potassium  iodide  in  100  CC.s  of 
distilled  water.  Dissolve  17  grammes  of  mercuric  chloride  in  300  CC.s  of 
distilled  water  ;  warm  if  necessary,  and  allow  to  cool.  Add  the  mercuric 
solution  to  the  iodide  solution  until  a  perceptible  permanent  precipitate  is 
produced.  Then  dilute  with  a  20  per  cent,  sodium  hydrate  solution  (caustic 
soda)  up  to  1000  CC.s  (1  litre) :  add  mercuric  chloride  solution  until  a 
permanent  precipitate  again  forms';  allow  precipitate  to  settle,  and  then 
decant  off  the  clear  solution. 

(c)  Sodiitm  Carbonate  (sometimes  required  for  free  ammonia,  but  not  usually 

needed). — A  20  per  cent,  solution  of  recently  ignited  pure  sodium  carbonate. 

(d)  Alkaline  Potassium  Permanganate  Solution  (iov  Albuminoid  Ammonia). — Dis- 

solve. 200  grammes  of  potassium  hydrate  and  8  grammes  of  pure  potassium 
permanganate  in  1100  CC.s  of  distilled  Avater,  and  boil  the  solution  rapidly 
till  concentrated  to  1000  CC.s. 

(e)  Distilled  Water  free  from  Ammonia. — The  S.P.A.  recommend  boiling  ordinary 

distilled  Avater  with  1  per  1000  of  pure  ignited  sodium  carbonate.  If  the 
water  is  distilled  with  a  little  phosphoric  acid  (as  recommended  by  Notter), 
it  comes  over  quite  free.    Test  with  a  little  Nessler's  solution. 

5.  Re-agents  for  the  determination  of  Nitric  Acid  in  Nitrates, 
(a)  Metallic  Aluminum. — As  thin  foil. 

(&)  Solution  of  Sodium  Hydrate. — Dissolve  100  grammes  of  solid  sodium  hydrate 
in  1  litre  of  distilled  water.  When  cold,  introduce  a  strip  of  about  100  square 
centimetres,  say  15  square  inches,  of  aluminum  foil  previously  heated  to 
just  short  of  redness,  wrapped  round  a  glass  rod ;  when  the  aluminum  i.s 
dissolved,  boil  the  solution  briskly  in  a  porcelain  basin  until  about  one-third 
of  its  volume  has  evaporated ;  allow  it  to  cool,  and  make  it  up  to  its  original 
volume  with  water  free  from  ammonia.  The  solution  must  be  tested  by  a 
blank  experiment  to  prove  the  absence  of  nitrates. 
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(c)  Copper  Sulphate  Solution.— mssolve  30  grammes  of  pure  copper  sulphate  in  1 

litre  of  distilled  water. 

(d)  Metallic  Zinc,  p%ire.—A%  thin  foil.    This  should  be  kept  in  a  dry  atmosphere 

so  as  to  be  preserved  as  far  as  possible  from  oxidation. 
To  make  the  wet  Copper  Zinc  copple.—VvA  into  a  flask  or  bottle  a  piece  of 
clean  zinc  foil,  and  cover  it  with  the  copix^r  solution  (c)  :  allow  the  foil  to 
remain  until  it  is  well  covered  with  a  firmly  adhering  black  deposit  of  copper. 
(If  left  too  long  the  deposit  may  peel  off  in  washing.)  Pour  off  the  solution 
(which  may  be  kept  for  further  use),  and  wash  the  conjoined  metals  with 
distilled  water.  The  couple  is  now  ready  for  use.  About  one  square 
decimetre  ( =  i  of  a  square  inch)  should  be  used  for  every  200  CC.s  of  a 
water  containing  5  parts  or  under  of  nitric  acid  in  100,000.  For  waters 
richer  in  nitrates  more  will  be  required. 

(e)  Standard  Solution  of  Ammonium  Chloride  (see  4  (a)). 
(/)  Nessler's  Solution  (see  4  (b)). 

6.  Re-agents  for  the  determination  of  Nitrous  Acid  in  Nitrites. 

(a)  Solution  of  Metaphenylenediamine. — Dissolve  5  grammes  of  metaphenylene- 
diamine  in  1  litre  of  distilled  water,  rendered  acid  with  sulphuric  acid. 
Decolorise,  if  necessary,  with  animal  charcoal. 

(6)  Dilute  Sulphuric  Acid. — One  volume  of  pure  sulphuric  acid  to  two  volumes 
of  distilled  water. 

(c)  Solution  of  Potassic  Nitrite. — Dissolve  0*406  gramme  of  pure  silver  nitrite  in 
hot  water,  and  decompose  it  with  a  slight  excess  of  potassium  chloride. 
After  cooling,  make  the  solution  up  to  one  litre,  allow  the  chloride  of 
silver  to  settle,  and  dilute  each  100  CC.s  of  the  clear  supernatant  liquid 
again  to  one  litre.  1  CC.  of  this  diluted  solution  =  0"01  of  a  milligramme 
of  NO2. 

The  nitrites  may  also  be  determined  by  the  permanganate  solution  (see  3). 

7.  For  determination  of  Phosphoric  Acid. 

One  part  of  pure  molybdic  acid  is  dissolved  in  4  parts  of  ammonia,  sp.  gr. 
0*960.  This  solution,  after  filtration,  is  poured,  with  constant  stirring,  into 
15  parts  of  nitric  acid  of  1*20  sp.  gr.  It  should  be  kept  in  the  dark,  and 
carefully  decanted  from  any  precipitate  that  may  form. 

8.  Sulphuric  Acid  Solution  for  Carbonates  in  Water. 

Take  4*9  grammes  by  weight  of  pure  H2SO4  and  dilute  to  1  litre. 
1  CC.  saturates  5  milligrammes  of  calcium  carbonate. 
„  „      6*2       „  of  sodium  „ 

9.  Alkaline  Solution  for  Acidities. 

Take  liquor  sodae  or  liquor  potassae  of  pharmacopoeial  strength,  and  dilute  with 

8  or  9  parts  of  distilled  water. 
Graduate  with  oxalic  acid  solution  (a).    (See  No  7.) 

1  CC.  of  standard  alkaline  solution  =6*3  mgm.  oxalic  acid. 

=  6       „     glacial  acetic  acid. 
=:9      „     lactic  „ 
=  7*5     „     tartaric  „ 
=  6*4     „     citric  „ 

10.  Oxalic  Add  Solutions. 

Solution  (a)— Take  6*3  grammes  of  crystallised  oxalic  acid,  and  dissolve  in  one 
litre  of  water. 

10  CC.s  exactly  neutraUse  10  CC.s  of  standard  alkalme  solution. 


APPENDIX. 


705 


Sohition  (6)— Take  100  CC.s  of  solution  (a),  and  add  180  CC.s  of  distilled 
water  ;  or,  dissolve  2*25  granunes  of  crystallised  oxalic  acid  in  one  litre  of 
distilled  water. 

This  makes  the  solution  for  testing  the  alkalinity  of  lime  or  baryta  water. 
1  CC.  exactly  neutralises  1    millgramme  of  lime  (CaO.) 
„        „  „        2"73       „  of  baryta  BaO. 

Solutim  (c) — Take  100  CC.s  of  solution  (a),  and  add  700  CC.s  of  distilled  water  ; 
or,  dissolve  07875  grammes  of  crystallised  oxalic  acid  in  one  litre  of  dis- 
tilled water. 

This  is  the  solution  for  graduating  the  permanganate. 

100  CC.s  exactly  decolorise  100  CC.s  of  permanganate  in  presence  of  sul- 
phuric acid. 

11.  Copper  Solution  (Fehling^s)  for  Sugars. 

Take  of  pure  copper  sulphate,  .       .       .       34-64  grammes.  )  -p.-  j 

„    Distilled  water,       ....       200  CC.s.  ^ -inssotve. 

Take  also  of  tartrate  of  sodium  and  potassium,  173    grammes.  }  -p,-    j . 
Solution  of  caustic  soda  (or  caustic  potash),     .  480  CC.s.  )  ^^'^ 

Mix  the  two  solutions  slowly,  and  dilute  with  distilled  water  to  one  litre. 
1  CC.  is  reduced  by  5  milligrammes  of  either  glucose  or  inverted  sugar. 
1  CC.  „         6 '67         „         of  lactin  (or  milk  sugar). 

12.  Iodine  Solution  for  Hydrogen  Sulphide. 

Dissolve  6-35  grammes  of  iodine  in  1  litre  of  distUled  water  by  the  aid  of  a 
little  potassium  iodide. 

1  CC.  =0*85  milligrammes  of  HgS. 

If  a  litre  of  water  be  taken  for  examinatiori^  the  short  factor  for  cubic  inches 
per  gallon  is  0*164. 

Starch  is  used  as  the  indicator. 

13.  Solution  of  Iron  for  Colorimetric  Test. 

Dissolve  one  gramme  of  pure  iron  wire  in  nitro-hydrochloric  acid ;  precipitate 
the  ferric  oxide  with  ammonia  ;  wash  the  precipitate  ;  dissolve  in  a  little 
hydrochloric  acid,  and  dilute  to  1  litre. 

1  CC.  =  1  milligramme  of  iron. 

This  is  the  strong  solution. 

For  use  it  is  diluted  1  to  100,  so  that 

1  CC.  =  0-01     milligramme  of  metallic  iron. 
1  CC.  =  0-027  „         of  iron  phosphate. 

14.  Dilute  Acid  Solutions  are  generally  1  part  of  acid  to  9  of  distilled  water, 

unless  otherwise  specified. 

15.  Qualitative  Solutions,  and,  generally,  solutions  that  are  not  titrated  or  graduated, 

are  saturated,  unless  otherwise  specified. 

16.  Brucine  Solution  (for  Nitric  Acid).—1  gramme  of  brucine  to  1  litre  of  distilled 

water. 

17.  Solution  of  Potassium  Iodide  and  Starch  (for  Nitrous  Acid). 

Potassium  iodide  1  gramme,  starch  20  grammes,  water  500  CC.s.  Make  the 
starch,  filter  when  cold,  and  then  add  the  potassium  iodide. 

This  mixture  does  not  keep  well,  and  must  be  made  fresh  from  time  to  time  • 
or,  the  solutions,  3  (6)  and  3  (e),  may  be  used  instead. 

18.  Solution  of  Gold  Gliloride  (for  Oxidisable  Matter  in  Water).— One  gramme  of 

gold  chloride  dissolved  in  1  litre  of  water. 

19.  Solution  of  Cochineal  (for  Acidities  or  Alkalinities).—T{ike  5  grammes  of 

cochineal,  bruised  in  a  mortar,  add  25  CC.s  of  spirit  of  wine  and  500  CC  s  of 
distilled  water  :  filter.    This  solution  is  apt  to  become  a  little  acid 

2  y" 
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20.  Phenol-Phthaleine  Solution  (for  Acidities  or  Allcalinities).—lLak(i  5  grammes  of 

the  phenol-phtlialoine,  and  dissolve,  with  the  aid  of  25  CC.s  of  spirit  of  wuie, 
in  500  CC.s  of  distilled  water. 

21.  Use  of  Sikes'  Hygrometer,  for  ascertaining  the  strength  of  spirits. 

A  sample  of  the  spirits  to  be  tested  is  poured  into  a  trial  glass,  and  the  tempera- 
ture ascertained  by  means  of  a  thermometer  in  the  usual  way.    The  hydrometer 
is  taken  and  one  of  the  weights  is  attached  to  the  stem  below  the  ball  :  it  is  then 
pressed  down  to  the  0  on  the  stem.    If  the  right  weight  has  been  selected  it  will 
float  up  to  one  of  the  divisions  on  the  stem.    The  number  on  the  stem  is  then 
read  off  and  added  to  the  number  on  the  weight;  the  sum  is  called  the  indication. 
The  book  of  tables  is  then  opened  at  the  temperature  first  found,  and  the  indication 
looked  for  in  one  of  the  columns  :  opposite  it  will  be  found  the  strength  of  the 
spirits  over  or  under  proof.    If  at  the  temperature  60°  F.  the  indication  is  58-8,  then 
opposite  this  will  be  found  zero,  that  is,  the  spirit  is  the  exact  strength  of  proof. 
If  the  indication  is  50,  then  opposite  that  is  12-8,  or  the  spirit  is  12-8  over  proot : 
if  the  indication  is  70,  then  opposite  is  18-9,  or  the  spirit  is  18-9  under j^rooi. 
The  meaning  of  these  expressions  is— (1)  If  the  spirit  be  12-8  over  proof,  then,  m 
order  to  reduce  it  to  proof,  12-8  gallons  of  water  must  be  added  to  100  gaUons  of 
the  spirit  :  the  resulting  mixture  will  be  proof;  (2)  if  the  spirit  be  18-9  under 
proof,  this  means  that  lOOgallons  contain  only  as  much  alcohol  as  89-1  (t.e.,  100  -  iH;9) 
of  proof  spirit :  to  raise  it  to  proof  it  would  have  to  be  mixed  with  an  equal  quantity 

.  .  ,  ,      .       J.1,  J.  100  — 18'9  +  118'9  inn 

of  spirit  as  much  above  proof  as  it  is  below  it,  so  that  i^^- 

The  Adulteration  of  Food  and  Drugs  Amendment  Act,  1879,  allows  hrandy, 
whisky,  or  rum  to  be  25  degrees  under  proof  ;  equal  to  42-6  per  cent,  of  absolute 
alcohol,  volume  in  volume,  or  34-1  per  cent,  of  weight  in  volume.  This  gives  a 
specific  gravity  of  -947.  Gin  is  allowed  to  be  35  degrees  under  proof  equal  o 
36-9  per  cent,  volume  in  volume,  or  29;5  per  cent.  ^^^§1^* 

alcohol.    This  gives  a  specific  gravity  of  -956.    Proof  spirit  contams  56  8  volume 
in  volume,  or  45-4  weight  in  volume  of  absolute  alcohol,  sp.  gr  •920._   The  presenc 
of  sugar  or  extractives  renders  the  use  of  the  hydrometer  fallacious  unless  the 
spirit  is  distilled  off. 
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METRICAL  WEIGHTS  AND  MEASURES. 

a.  Length 

1  Metre        =  39-37   English  inches  =  3-28  feet, 
i  jaeiiB  o  ,  inches  nearlv). 

1  Decmietre  =  3  94      „         „  v**      .  \ 

1  Centimetre  ^  0-39       „  „      =  ^th  ^^"^  nearly). 

1  Millimetre  =  0-039     „         »      =      ^^^^  ^^arly). 

JV  B  —The  Latin  prefix  indicates  division.  _ 

TheCh-eek    do.        do.  multiphcation. 
1  Kilometre  =  1000  metres  ^  1094  yards  =  |th  mile  (nearly). 
1  Mile  (English)  =  1609  metres,  or  1-609  kilometres. 

b.  Area. 

1  Square  Metre         =  10-76     sq.  feet      =  1542  ^^j^^^^ 
1  Square  Centimetre  ^    0-154  sq.  inches  =  A  sq.  inch  (neaii)  ; 
1  Square  Millimetre  =   0-0015       „    . .  „  r  ^^^'f^  » 
100  Square  Metres       =  1  are       =     119  7  square  yards.  ^  ^^^^^ 
100  Ares  =  1  hectare  =  11967  »  ^^^-j^^ 

100  Hectares  =  1  square  kilometre  =  247  acies  1 
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c.  Capacikj. 

1  Decimetre  cubed  =  1  litre  =  1000  cubic  centimetres  =  61  cubic  incbes  =  35*3 

ounces =0*22  gallon. 
1  Cubic  centimetre  =0-061  cubic  inch. 
1  Cubic  inch         =16 '4    cubic  centimetres. 
28-35  Cubic  centimetres  =  1 -733  cubic  inches  =  1  ounce. 

1,000,000  Cubic  centimetres  =  1000  litres  ^  1  cubic  metre  =  1  stere  =  35-3  cubic  feet. 

d.  Weight. 

1  Cubic  centimetre  of  distilled  water  at  4°  C.  (39°-2  F.)  weighs  1  gramme. 

1  Gramme        =  15-432  grains. 

1  Decigramme  =    1-543     „     (  =  1^  grains  nearly). 

1  Centigramme  =    0-154     „     (  =  ^  grain  nearly). 

1  Milligramme  =    0-015     „     1=^  grain  nearly). 

1  Kilogi-amme  =  1000  grammes  =  15432  grains  =2-2  ft  avoir.  =35-3  ounces. 
French  livre  and  German  ^/imtZ  =  500  grammes  =  1-1  ft  =  17*6  ounces. 
The  German  loth  —  16|     „      =|  ounce  nearly. 

1  ft  avoir.  —  453-5  grammes.  -  '  - 

1  ton  avoir.  —  1018  kilogrammes.  C 
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THERMOMETEE  SCALES. 

Centigrade       _       Eeaumur       _       Fahrenheit— 32 
5  4  ~  9 


Centigrade.  Rdaumm-.  Fahrenheit. 

Mercury  freezes  at   -40-0  -3°2-0  -40-0 

Zero  of  Fahrenheit,   -17-7  -14-2  0-0 

Water  freezes  at  O'O  0-0  32-0 

Water  at  its  maximum  density  at      .       .         4-0  3-2  39*2 

Mean  temperature  of  London,    .       ,       .       10-2  8-2  50*4 

Mean  temperatiu^e  for  specific  gravities,  &c.,      15-5  12-4  60-0 

Mean  temperature  of  Calcutta,  .       .       .       25-8  20-6  82-0 

Mean  temperature  of  the  human  body,      .       38-5  30-0  98-4 

Alcohol  boils  at                                           78-3  62-7  173-0 

Water  boils  at   lOQ-Q  80-0  212-0 

Mercury  boils  at   360-0  288-0  680-0 
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BAEOMETER  SCALES. 

Standard  pressure  =  760  millimetres  =  29-922  inches. 

30   inches  =  762 

29-5     „  =  V49  ; 

29       „  =  737  „ 

28-5     „  =  724  „ 

28       „  =  711  „ 

1       »  =  25-4  „ 
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Table  showing  the  daily  yield  of  Water  from  a  Roof  with  varying  Rainfalls} 


 1 

Area  of  House,  10  feet  by  20  feet,  or  200  square  feet. 

Mean  Rainfall. 

Loss  from 
Evapnration. 

Requisite 
capacity  of  Tank. 

Mean  daily  yield 
of  Water. 

Mean  daily  yield 
of  Watei'  in 
wettest  year. 

Mean  daily  yield 
of  Water  in 
driest  year. 

inches. 

20 
25 
30 
35 
40 
45 

per  cent. 

25 
20 
20 
20 
15 
15 

cubic  feet. 

100 
135 
145 
155 
165 
170 

gallons. 

4-  3 

5-  7 

6-  8 

7-  9 
9-7 

10-9 

gallons. 

6-  7 

7-  5 
9-4 

11-0 

13-  1 

14-  2 

gallons. 

3-2 

3-  9 

4-  5 

5-  0 

7-  2 

8-  6 

For  any  other  size  of  Roof  or  amount  of  Rainfall,  the  numbers  wiU  be  proportional 


2.  Tables  showing  the  Distribution  of  Positive  and  Negative  Errors,  according  to 

Number  of  Events. 

(b)  2  Events. 
Chances. 

1       2  positive,  ^ 

1        1  positive,  1  negative,        .       •  2 
2  negative,        .      .       .       •  1 


(a)  1  Event. 

Chances. 


1  positive, 
1  negative, 


Total, 

(c)  3  Events. 
Cliances. 
3  positive,  .       .  _  • 

2  positive,  1  negative, 
1  positive,  2  negative, 

3  negative, 

Total, 


10  positive, 
9  positive,  1  negative, 
8  positive,  2  negative, 
7  positive,  3  negative, 
6  positive,  4  negative, 
5  positive,  5  negative, 


1 
3 
3 
1 


8 


Total, 

(d)  4  Events. 
Chances. 

4  positive,  . 

3  positive,  1  negative, 
2  positive,  2  negative, 
1  positive,  3  negative, 

4  negative. 


Total, 


(e)  10  Events. 
Chances. 


Carry  forward, 


1 
10 
45 
120 
210 
252 

638 


Brought  forward, 
4  positive,  6  negative, 
3  positive,  7  negative, 
2  positive,  8  negative, 
1  positive,  9  negative, 
10  negative,  . 

Total, 


1 
4 
6 
4 
1 

16 


638 
210 
120 
45 
10 
1 

10 


I.  each  case  the  number  of  chances  co_l  to^e  eoefflcj^te  of  a^^^^^^^^ 

^  u  woinc  TTlvrq   on  "  Rainfall  Collection,"  5rraasa<-/iOTi.' o/ 

1  From  a  paper  by  H.  Sowerby-Wallis,  F.M.S.,  on  213. 
the  Sanitary  Institute  of  Great  Britain,  vol.  i.  1880,  (Oroyaon  g 
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Ablution  rooms,         .         .         .  538 

 in  tropica]  barracks,    .         .  547 

Abscissae,  ....  521 
Abyssinian  Expedition,  water  sup]3liecl 

on  board  ship,  ...  5 
Acarus  domesticus,     ,         ,         .  272 

.  farince,  .         .  227,233,234 

Access  pipes  to  sewers,  .         .  365 

Accessory  foods,  ,  .  .196 
Acclimatisation,  is  it  possible  ?  419,  430 

Accoutrements,  weights  of,     .  .  574 

Acetic  acid  in  beer,  .  .  .  278 
Acid,  hydrochloric,  effects  of,  .  132 

Acids,  factors  for,       .         .  279,  704 

 in  beer  and  wine,        .  277-287 

AcLAND,  Dr. ,  on  cholera  in  St.  Clement,  53 
Act,  Rivers  Pollutions,  .         .  362 

Admissions  into  hospital,  number  of,  614 
Adams  on  lead  poisoning,  .  .  17 
Adults,  supply  of  water  for,  .  .  3 
Aeroscope  of  PoucHET,  .  .  184 

African  stations,  .  .  .  646 
Agave  americana,  .  .  .  260 
Ague  at  Tilbury  Fort,  .         .  46 

 brassfounders',  .         .  127 

Agues,  decline  of,  in  England,  .  45 
Air,      .          ....  105 
 albuminoid  ammonia  from  or- 
ganic matter — Angus  Smith, 
Moss,  DE  Chaumont,         .  117 

 amount  required  for  lights,     .  152 

 amovmt  required  for  Ventila- 
tion,  .         .         .  .147 

 carbonic  acid  in,         .         .  106 

 chemical  examination  of,       .  185 

 composition  of,  .  106,  431 

 currents  of,  effects,      .         .  427 


diseases  from  living  substances 

in,  .  .  .  .  128 
diseases  produced  by  impurities 

ill,  .  .  .  .  125 
distribution  of,  in  ventilation,  157 
divided  currents  of,  for  purify- 
ing water,  .  .  .27,  28 
estimation  of  free  and  albu- 
minoid ammonia  in,  .  .  187 
examination  of,  .  .  183 
examination  of,  by  the  senses,  183 
fresh,  good  effects  of,  in  disease,  350 
foul,  effects  of,  .  .  105 
gaseous  substances  in,          .  114 
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Air,  how  is  purity  of,  to  be  secured  ?   .  351 

 impure,    from  combustion, 

effects  of,       .          .          .  136 

 impurities  in,   .          .         .  107 

 increased  pressure  of,  .          .  430 

 in  holds  of  ships,        .         .  124 

 in  soils,  calculation  of  quantity,  325 

 in  the  Arctic  regions,  .         .  107 

 lessened  pressure  of,    .          .  428 

 limit  of  permissible  impurity  in,  149 

 mean  movement  of,     .         .  159 

 means  by  which  it  is  set  in 

motion,         .          .          .  158 

 meter,  Casella's,      .         .  181 

 microscopical  examination  of,  184 

 mode  of  supplying,    .          .  193 

 movement  of,   .          .         .  427 

 movement  of,  in  room,          .  181 

 movement  of,  perceptible  rates,  155 

 movements  produced  by  un- 
equal weights  of,      .         .  160 

 nitric  and  nitrous  acids  in,     .  188 

 of  cesspools,     .         .          .  119 

 of  cliurchyards  and  vaults,     .  121 

 of  enclosed  spaces,      .         .  112 

 of  marshes,      .          .          .  123 

 of  mines,         .          .         .  124 

 of  railway  cars,          .         -  119 

 of  sewers,        .          .          •  119 

 of  ships,  CO2  in,         .         .  116 

 of  sick  rooms,  .          .         .  112 

 of  stables,  CO2  in,       .          .  116 

 of  towns,         .  .  119,  122 

 of  workshops,  .         .         .  113 

 organic  matter  in,     116,  117, 187, 188 

 oxidisable  matter  in,   .          .  188 

 puritication  of,           .         .  502 

 purifiers,  action  of,      .         .  502 

 purifiers,  gaseous,       .         .  502 

 purifiers,  liquid,         .          .  503 

 purifiers,  solid,           .          .  502 

 quantity  of,  required,  .         .  147 

 rate  of  movement  of,    .         .  181 

 scheme  for  examination  of,     .  189 

 sewer,  producing  enteric  fever,  139-142 

 solid  particles  in,        .         .  107 

 supplied,  source  of,     .          .  157 

 suspended  matters  in,            .  108 

•  temperature  of,          .          .  421 

 unknown  conditions  of,          .  HQ 

 vapour  in,  from  respiration.    .  HQ 
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Air,  vitiated  by  combiistion,  .         .  117 

 vitiated  by  resiMration,          .  114 

 vitiated  by  respiration,  effects  of,  133 

 vitiated  by  sewer  air,  .         .  119 

 vitiated  by  sewers,  effects  of,  .  137 

 vitiated  by  trades,      .         .  122 

—  ■  warming  of,     .         .         .  166 

 warming  or  cooling  of,          .  157 

 watery  vapour  in,       .         .  188 

 weight  of,       .         .         .  428 

AlTKEN  on  the  growth  of  the  recruit,  528 
Albumin,        .          .         .  .191 

Albuminates,   ....  192 

 determine  absorption  of  oxygen,  1 93 

 quantity  in  diet,         .  197-200 

Albuminoid  ammonia  in  air,  .  117,  187 

 in  water,         .         .  -77,  86 

Alcock  on  frontier  ulcer  in  India,  .  50 
Alcohol,  as  an  article  of  diet,  .          289,  296 

 as  preventive  of  disease,        .  305 

 destruction  of,  in  the  body,    .  297 

 dietetic  use  of,           .         .  306 

 in  bodily  labour,        .         .  300 

 in  deficiency  of  food,   .         .  301 

 influence  of,  on  organs,          .  292 

 in  great  cold,    .         .         .  298 

 in  great  heat,  .         .         .  299 

 in  mental  work,          .          .  300 

 in  Avar,  ....  301 

 per  cent.,  table  for  calculating,  280 

 remote  effects  of,        .          .  295 

 use  of,  under  certain  conditions,  298 

Alcoholic  rations,        .         .         .  559 

Aldridge's  closet,      .         .         .  385 

Aleppo  evil,  or  Damascus  ulcer,  .  56 
Algce  in  water,  .  .  .39, 65 
Alimentary  mucous  membrane,  effects 

of  impvire  water  on. 
Aliments,  nitrogenous, 
Alkalies  in  food. 

Alkaline  solution,  standard,  for  acidi 

ties,  . 
Alluvial  soils,  . 
Alluvial  waters. 
Altitude,  correction  for. 
Alum,  effects  of,  in  stopping  diarrhoea 
caused  by  impure  water, 

 in  beer, 

 in  bread  and  flour, 

in  wine 


28 
282 
248,  251 
288 

Aluminous  salts,  for  water  purification,  28 
American  stations, 

tube  wells,  Norton's, 


Ammonia,  albuminoid,  in  air, 

 determination  of,  in  water, 

 free,  in  air, 

 in  water,  determination  of, 

 in  water, 

 in  water,  inferences  from, 

Ammoniacal  vapours,  . 
Ammonium  chloride,  standard  solution, 

 sulphide  in  air, 

 sulphide,   test  for   lead  and 

cojiper  in  water, 
Am(d)OR  in  water, 
Anchylostomum  duodenale, 
Anemometer,  Casklla's, 

 Neumann's, 

Osler's, 


-  Robinson's, 


Aneurism  among  soldiers, 
 causes  of, 


39 
191 
195 

704 

338 
24 
445 


643 
7 

117,  187 
86 


187 
86 
72 
75 
132 
703 
132 

73 
67 
59 
181 
181 
452 
452 
608 
608 


Angell   and    Hehner    on  butter 

analysis, 
Anguillula  aceti, 
Anguillulce  in  water,  . 
Angus  Smith  on  ammonia  in  air, 
 on  estimation  of  CO2,  . 
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270,  271 
317 
68 
188 
182 
31,  32 
38 

40.  41 
'212 
151 
212 
212 


Animal  charcoal  as  a  filter, 

 matter  in  water, 

 organic  matter  in  water,  dis 

solved. 
Animals,  age  of, 

 air  required  for, 

 for  food,  weight  of, 

 inspection  of, 

 supply  of  water  for,  . 

Ansted  on  the  drainage  of  wells,  27 
Anthrax,  ....  21.3 
Antozone,  ....  454 
Apjohn's  formula,  .  .  .  442 
Appendix,  ....  702 
Approximate  mean  temperature,  .  437 
Aphtha  epizootica,  .  .  .213 
Aqueducts,      .  .         .  .12 

Arched  basements,  .  .  .  544 
Arctic  Expedition,  work  done  by  sledge 

parties,  .  .  .  .411 
Area  drained  by  wells,  .         .  27 

 sectional,  in  ventilation,       .  164 

"  Argo,"  case  of,         .  .  .  45 

Aristotle  on  impiire  drinking  water,  57 
Army  Hospital  Corps,  weight  of  equip- 
ments, . 

 regulations,  on  water, 

statistics. 


Armstrong  on  lime  juice, 
Arnott,  plans  of  ventilation, 
Arnott's  pump  for  ventilation. 
Arrangement  of  barracks. 
Arrowroots, 

Arsenic  in  water,  tests  for, 

 poisoning  through  water. 

Artesian  wells, 

 well-water. 

Arum  arrowroot, 
Ascaris  lumbricoides,  . 
Ashanti  campaign,  alcohol  in, 

 tube  wells  in,  . 

 purification  of  water,  . 

Aspergillus  glaucus,  . 
Aspirators  for  measuring  air, 

 description  of,  . 

Assimilation  of  food,  . 
Atmidometer,  Babington's,  . 
Atmometer,  Leslie's, 
Austrian  soldier,  rations  of,  . 
Averages  or  means,  calculation  of, 


576 
1 

523 
322 
160 
177,  546 
534,  543 
256 
74 
60 
7 

25 
257 

59 
303 
7 

30 
272 
184 
185 
210 
451 
451 
563 
518 


Bacillus, 

 malarice, 

of  phthisis. 


66 

128,  464,  497 
113 

75 


Bacilli, 

Bacteria,  action  in  water, 

 and  vihriones,  signification  of,  00 

 conditions  favourable  for,  in  water,  66 

 in  air,  ,         .         .         •  ^^"I 

 in  disease,       .         •         •  'J 

 temperature  that  kills  (Sanderson),  '-^ 

Bacteridia  in  water,    '  •         '  % 

Bacterifowi  puncta  in  water,  .  w 

Bacteroids  in  water,  .  ,  •  •  !L 
B^DEKER  on  copper  poisonmg  from  water,  « 
Bahamas,        .         •         •         .  o4i 
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Bajra  (millet),  .         .         • .  . 
Bakewell  on  smallpox  matter  m  air, 
Bating,  test  for  flour, 
B.ULLARGER  on  goitre,  . 
Balfour  on  diet  of  Duke  of  York: 
School, 

 on  army  statistics, 

Balioon  ascents, 

 elfects  on  pulse, 

Bauot  on  cholera. 
Ball  traps, 

Baliy  and  Coindet  on  artificial  pro 

du^tion  of  goitre, 
BjVJSI'Er's  ventilator,  . 
Banting  system,  success  of,  explained 
Barbidoes,      .         .  • 

 leg,  pachydermia  or  elephan 

tiasis,  . 

Barif's  process  for  coating  iron, 
Barium  chloride  as  test  for  sulphuric 
acid,  . 

 nitrate  solution  for  soap  test. 

Barker,  Herbert,  on  preservation  of 

d«ad  bodies,  . 
Bailey, 

 structure  of. 

Barometer, 

 corrections  for, 

 reading  of, 

 scales,  . 

Earrack  Commission's  filter. 
Barracks, 

 cavalry, 

 cooling  of, 

 infantry,       _  . 

 in  forts  and  citadels, 

 in  hot  climates, 

 on  home  service, 

 reports  upon,  . 

 ventilation  of,  . 

'  warming  of. 
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255 
113,  129 
229 
67 

207 
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Barrels  for  storing  water. 
Baryta  water  as  a  test  for  CO2, 
Bastlan  on  bacteria  and  vibriones, 
Bathing,  good  effects  of, 
Batho  on  Bilharzia,  . 
Baths,  amount  of  water  required  for, 
Bean  and  pea,  . 
Beans,  Indian,  . 
Bean  starch,  dravsing  of, 
Beatson  on  prison  diet  in  India, 
Beaufort  scale  for  force  of  wind, 
Beaumont  on  digestion, 
Becher  on  body  temperatrire. 
Bedding,  purification  of, 
Beef,  fresh,  composition  of,    .  200, 

 salt,  composition  of. 

Beer, 


56 
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428 
51 
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57 
385 
195 
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,638 
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Berthollet  on  water  purification, 
Bettington  on  fever  produced  by 

marsh  water  at  Tulliwaree,  . 
Beverages  and  condiments, 
Beverages,  non-alcoholic, 
Bhisties,  water-carriers  of  Bengal, 
Bilharzia  hmmatobia,  . 

 embryos  of,  in  water,  . 

Bilious  remittent  fevers. 
Bird's  plan  of  purifying  water, 
Biscuit, 

Biscuits,  meat,  .  • 

Bituminous   lining   for  lead 

(M'Dougall's), 
Blackley  on  hay  fever, 
on  spores  in  aii 


pipes 


277. 


277 


adulterations,  . 

 alcohol  in, 

 as  an  article  of  diet, 

 examination  of, 

 physiological  action  of, 

 quality  of,  . 

Bell  on  specific  gravity  of  butter  fat, 
Bellamy's  process  for  water  purification, 
Bell  tent,  cubic  space  of, 
Berlin,  water  of,  contaminated  by  coal 

gas,  

Bermuda,  .... 
Bert  on  effects  of  increased  pressure  of  air, 
BEBTHfi  on  absorption  of  fat,  . 
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281 
279 
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Blagden  and  Fordyce  on  temperature 
in  ovens, 

Blake  on  treatment  of  phthisis  m 

open  air, 
Blanc  on  cholera  at  Yerrauda, 

 on    fever    from    water  in 

Abyssinia 
Block-tin  pipes, 

 acted  on  by  water  containing 

nitrates. 

Board  of  Trade,   minute  on  water 


fittings. 
Boat-race,  work  during. 
Boiling  of  meat, 

 of  water,  to  purify. 

Boils,  endemic  of,  at  Frankfort,  from 

impure  water. 
Bond's  terebene  preparations. 
Bone-burners,  . 
Boots  and  shoes, 

Bothriocephalus  latus  from  water, 
Bottles,  shaking,  for  soap-test, 
BouDET  on  Paris  water, 
BouDiN  on  case  of  "  Argo," 

 on  impure  water  at  Oran , 

 on  yellow  fever  from  water, 

BouTRON  and  Boudet,  method  with 

the  soap-test,  ...  83 

BowDiTCH  on  efi"ects  of  drying  soil,  .  328 
Bowels,  condition  of,  .  .  .  457 
Boyd  on  the  recruit,  .  .  .  529 
Boyle's  ventilator,  .  .  .  170 
Brackish  water,  eflfects  of,      .  .    41, 42 

Braxy  in  sheep,  .         .  214,  221 

Bread,  .....  245 

 acid,     .  .  .  247,248 

 alum  in,  .         .  -248,249 

 chemical  examination  of,        .  248 

 dried,    .         .         .  .276 

 examination  of,  .         .  248 

 loss  of  weight  in,        .  .  247 

 making  of,       .  245,246 

 microscopical  examination  of,  250 

Breadth  of  houses  in  India,  .  .  543 
Brickfields  and  cement  works,  air  of,  .  146 
Brine,  juice  of  meat  in,  .  .  201 
British  Guiana,  .  .         .  640 

British  or  potato  arrowroot,    .  .  257 

Brittan  and  Swaynb  on  bodies  in 

air  of  cholera  ward,  .         .         .  112 
Bromiis  serrafalcus,    .         .         .  244 
Bronchitis  from  impure  water,         .  43 
27    Brucine  solution,  preparation  of,       .  705 
641    Brunel,  huts  designed  Ijy,     .  .  547 

430    Brushwood,  e  fleets  of,  .         .  .  334 

206   Bbyden's  tables  of  mortality  in  India,  673 
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Bucliwheat, 

 structure  of, 

Buchanan  on  cause  of  typhoid  fever, 

 on  eli'ects  of  drying  soil, 

 on  health  of  towns, 

 water-poisoning  at  Caius  Col- 
lege,  .         .         .  . 
bUDD  on  enteric  fever, 
Buhl  on  ground  water  and  fever, 
Bulama,  diarrhoea  from  impure  water  at 
Buhdon-Sanderson  on  bacteria  in 
water,  .... 
Burettes,  size  of,        .  .  . 
Burnett's  fluid. 
Burning  of  the  dead,  . 
Butter,  .... 

 adulterations  of, 

■  examination  of, 

 fat  of,  .... 

 melting,  sinking,  and  floating 

points  of, 

 proportion  of  fixed  and  volatile 

acids  in, 

 preservation  of, 

Butterine,  .... 
Butyrate  of  lime  causing  diarrhoea,  . 
Butyric  acid,  presence  of,  in  water,  . 
Byrne  on  filtration,  . 

Cabbage,  composition  of, 

Cactus  as  an  antiscorbutic, 

Cajanus  indicus, 

Galarnvs  aromaticus,  . 

Calandra  granaria, 

Calcium  carbonate  in  water,  import- 
ance of,        .  . 

Calculation  of  velocity  of  aii'  currents, 

Calculi,  elfects  of  water  in  producing, 

Calcutta,  water  supply, 

Calorigen,  George's,  . 

Calvert  on  tin-lined  pipes,  . 

Calvert's  carbolic  acid  powder. 

Camellia  sasanqua, 

Camels,  water  required  for, 

Camps,  .... 

 compressed, 

 conservancy  of, 

—  hospital,  ... 

 order  of,         .         .  . 

Canada,  .... 

Canal  de  I'Ourcq,  as  source  of  water  in 
Paris,  .... 

Canna  arrowroot, 

Cape-Coast  Castle, 

 frontier,  impure  water  at, 

 of  Good  Hope, 

Carbide,  magnetic,  as  filter,  . 

Carbo-hydrates, 

Carbo-hydrates  in  articles  of  diet, 
Carbolic  acid  as  air  purifier,  . 

 acid  or  phenol, 

 powders, 

Carbon  dioxide.    See  Carbonic  acid. 
Carbon  disulphide  in  air, 
Carbon  in  articles  of  diet. 
Carbon  monoxide.    See  Carbonic  oxide. 
Carbonates  in  water,  action  on  lead,  . 

 Mohr's  process  for,  . 

Carbonic  acid,  behaviour  with  soap,  . 

 calculation  of,  in  air,  . 

 effects  of, 

 elimination  of,  during  exercise. 
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Centigrade  scale, 
Cerealin, 

Cerebro-spinal  meningitis,  .  .  476 
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Chadwick's  system  of  cottage  warm 
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Champouillon   on  dysentery  from 

water  of  Canal  de  I'Ourcq,  .  .  43 

Chapman  on  ammonia  in  air,  .  .  187 
Charcoal,  animal,  as  a  filter    .  .   31,  32 

 for  purifying  water,     .  .  31 

 plan  of  sewage  removal,         376,  377 

 sea- weed,  as  filter,      .         .  32 

■  vegetable  and  peat,     .  .  32 
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Chemical  agents,  efi"ects  on  low  forms 

of  life,  .... 
Chemical  characters  of  diinking  water,  97 
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of  water,  .... 
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 Quinoa, 

Chester,  loss  of  water  on  constant 
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Chevers  on  impure  water  at  Calcutta, 
on  water  plants  in  tanks, 
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Carbonic  acid,  free,  in  water,  by  soap 
test,  . 

•  ■  given  off'  in  respiration, 

 in  air,  . 

 in  air,  estimation  of,  . 

 in  soil-air, 

 in  solids  of  water, 

 in  water, 

 in  water,  action  on  lead, 

 oxide,  effects  of, 

 oxide  from  stoves. 

Carbonisation  of  sewage, 
Carburetted  hydrogen  in  air,  . 

~  ■   in  water, 

Carferal,  filtering  medium. 
Carpenter  on  enteric  fever  at  Croy 
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Carriage  of  necessaries  and  armament 
Carrots,  composition  of, 
Casein,  . 

Casella's  air-meter,  . 
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Celsus  and  Hippocrates  on  variety 

of  diet  and  temperance, 
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 determination,  ...  80 
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 as  disinfectant,          .         •  509 

 determination  of,        .         .  80 
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 in  water,         ...  72 
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 in  Baden,        ...  51 

 LQ  Berlin,         ...  63 
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 in  Copenhagen,  .  .53 
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 Pettenkofer  on,       .         .  472 

 Macnamara  on,        .         .  470 

 measures  to  be  adopted  against,  677 

 prevention  of,  .          .         .  468 

 Crerar,  on  sulphur  fires  for,  .  471 

 propagated  by  water,  .         ,  60 

 prophylactic  measures  in,       .  473 

 portability  of,            .         .  468 

 quarantine  in,  .         .         .  469 

 Fauvel  on  quarantine  in,      .  469 

 tables  of  mortality  from,        .  675 

 transmission  through  air,       .  471 

 transmission  through  food,     .  472 

 transmission  through  water,   .  471 

 use  of  tents  in,  .         .         .  472 

Cholum,  a  kind  of  millet,      .         .  256 

Chowne's  siphon  ventilator,  .         .  170 

Chroiiiate  of  potassium,  use  of,         .  80 

Cicer  arietinum,  .  .  .  256 
Ciliated  infusoria  in  water,    .         .  67,  68 

Circle,  area  of,  .         .         .         .  180 


page 

Cirro-cumulo-stratus,  or  nimbtm,       .  463 

Cirro-cumulus,           .         .         .  453 

Cirro-stratus,  ....  463 

Cirrus,           ....  453 

Cisterns,,  cleaning  of,  .         .          .  11 

 materials  of,     .          .         .  12 
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pass  into  sewers,      .          .  12 

 protection  of,  .         .          .  12 

 storage  of  water  in,     .          •  11 

Citric  acid  in  scurvy,  .          •          •  484 

Citrus  acida,    .         .         •          •  322 

 limetta,           .         •         •  322 

 liinonum,        .         •          •  321 

Claremont,  lead  poisoning  at,  .  .  17 
Clarke,  Dr.  Robert,  on  Hygiene  on 

the  West  Coast,       .  .  .649 

Clark's  method  of  purifying  water,  .  28 

 soap  test  for  water,     .         .  80 

Classification,  hygienic,  of  drinking 
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 by  Rivers  Pollution  Commission,  22 

Clavelee  in  she  ep,  .  .  .  214 
Clay-slate,  water  from,  .  .  23 
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Cleansing  of  filters,  ...  35 
Clement  on  endemic  of  boUs  at  Frank- 
fort, .....  55 
Climate,          .         .          .  .419 

 influence  of,  on  diet,    .         .  198 

 of  West  Indies,          .         .  630 

Clothes,  piiriflcation  of,         .         .  499 

Clothing   413 

 articles  of,  for  soldiers,          .  566 

—  chemical  reaction  of  fabrics,    .  413 

 general  conclusions  on,          .  418 

—  materials,  conducting  powers  of,  414 

 materials  of,    .          .         .  413 
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Cloud,  estimation  of  amount  of,  .  463 
Clouds,  .  .  .  .453 
Clouston  on  dysentery  from  sewage 
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 composition  of,           .         .  118 
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Coml:)inecl  carbonic  acid,  restoration  of, 

to  solids  in  water,  . 
Combustion,  effects  of  breathing  air 
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 vitiation  of  air  by. 

Composition  of  di'inlcing  water, 
Condiments, 
Conduction, 

Conduits,  open,  impurities  of, 
Condy's  fluid,  for  cleansing  filters, 

 for  purifying  water. 

Cone,  cubic  content  of. 
Cones  flour, 
Confervce  in  water. 

Confinement  to  barracks  in  tbe  tropics 

evil  effects  of. 
Conservancy  of  camps, 
Constipation,  . 
Contagia,  Beale  on,  . 

 effects  of  chemical  agents  on, 

 Hallieb  on,  . 

 natiire  of, 

 propagation  of,  in  air, 

 ElCHARDSON  on, 

 spread  of. 

Contagions,  spread  of,  in  air,  . 
Contagious  Diseases  Acts,  effects  of. 
Convection, 

Cooked  meat,  analysis  of, 
Cooking  of  meat, 
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Cooling  of  air,  .         .  » 
Copper  in  bread, 

 in  water,  miners  of  Attacama, 

 tests  for, 

 poisoning  from  water,  . 

 solution  for  glucose  and  lactin 

 tinned  water  pipes. 

Correction  for  temperature  in  CO. 

estimation,  . 
Cotton  as  an  article  of  dress,  . 
 fibre, 

 soil  ("  regvir  ")  of  India, 

Coventry,  effects  of  impure  water  in. 
Cowls,  plans  of. 
Cream,  quantity  in  milk. 
Crease's  filters  (figs.  9  and  10), 

 ship  filters, 

 patent  cement. 

Cremation  of  the  dead, 
Cresylic  acid  or  cresol, 
Cretinism, 

Crookes'  tests  for  carbolic  acid, 
Croydon,  enteric  fever  at, 

 water,  effects  of, 

Cubic  space,  amount  necessary, 

 cannot  take  the  place  ol  change 

of  air, 

 measurement  of, 

CULLEN  on  diminution  of  cholera 
Hurda, 

Cultivated  lands,  water  from, 
Cumbno,  a  kind  of  millet, 
Cuinulo-stratus, 

Cumulus,         •  ■  •  . 

Cunningham  and  Lewis  on  Delhi 
boil, 

 D.  D.,  on  bacteria  in  air, 

CuNiNGHAM,  J.  M.,  on  cholera, 
Cupralum, 
Curcuma  arrowroot, 
Cycas  circinalis, 
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Danson's  tables,  .  .  .  529 
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Davis  on  dysentery  from  impure  water 
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Davy,  John,  on  body  temperature,  .  423 
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 burial  of,  on  land,       .  .  460 

 cremation  of,    ,         .  .  461 

 disposal  of,  in  war,     .  461,  462 

 disposal  of  the,  .         .  459 

Dean's  gully  trap,  .  .  .469 
Death  and  invaliding  at  home,  .  600 

 rate  of  European  armies,       .  601 

DE  Chaumont,  experiments  on  air,   .  148 
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 his  formula  for  ventilation  cal 

culations, 
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De  Renzy  on  enteric  fever  in  Millbank 
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Devna,  cholera  at,  . 
Dew,  as  source  of  water  supply, 
 point. 
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Diet  for  laborious  labour, 

 for  men  at  rest, 

 for  ordinary  labour, 

 for  soldiers  in  the  field, 

 general  principles  of, 

  MOLESCHOTT  On, 

 of  prisoners, 

 Pettenkofeb  and  VoiT  on, 

 Playfair  on,  . 

 '  Ranke  on, 

 standard  for  adult, 

 standard,  proportions  of  con 

stituents, 

 Wilson  on, 

Diets,  table  for  calculating. 
Dinger  on  cholera  from  water. 
Diphtheria  from  impure  water. 
Dip-trap,  or  mason's  trap,  bad  form 
Disconnection  of  pipes  and  sewers, 
Disease,  prevention  of, 
Diseases  arising  from  altered  qiiality 

of  meat, 

 attributed  to  telluric  effluvia, 

 connected  with  moisture  and 

ground  water, 
 connected  with  the  quality  of 

flour  and  bread, 

 non-specific,  prevention  of, 

 wasting,  of  animals. 
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 in  tj'phus, 

 in  yellow  fever, 
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 water,  action  on  lead, 

 water,  impurities  in, 

 water,  preparation  of, 

 water,  pure, 

Distoma  hepalicum, 
Distribution  of  water, 
Dobrudscha,  cholera  in, 
Dochmim  dmclenalis, 
Dome,  cubic  content  of, 
"Double," 
Dracunculus,  . 

Drainage  of  soil,  effects  of,  on  health. 
Drain  pipes,  fall  of, 
Drains,  laying  of, 

materials  for,  . 
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Drinking  water,  composition  of,        .  18 

 water,  impurities  of  source,    .  23 

 water,  quality  of,       .         .  18 
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Druitt  on  absorption  of  sewer  gases 
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Dbysdale  and  Hatward,  system  of 
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water, 

 at  Prague  from  impure  water, 

 at  Walcheren,  . 

 disinfection  in,  . 

 from  impure  water, 

 from  impure  water  at  Calcutta, 

 from  impure  water  at  Nurn- 

berg,  . 

 in  Barbadoes,  . 

 in    Peninsula    from  impure 

water, 
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•  from  impure  water, 

Eskimos,  food  of. 
Essentia  bina,  . 
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nitrogen, 
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Fever,  relapsing, 
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 preservation  of, 

 solids  of, 

 specific  gravity  of. 

Potato  starch,  detection  of, 
Poochet's  aeroscope,  . 
Poudrette, 

Prague,  effects  of  impure  water  in, 
Precipitants  of  sewage. 
Pressure  of  air,  increase  of, 

 lessening  of, 

Previous   sewage  contamination 
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111,  128 
240 
69 


of 


sewage 

water. 
Prevention  of  disease,  . 
Price's  fumigating  lamp, 
Pringle  on  dysentery  from  impure 

water, 

Prison,  amount  of  water  used  in, 

 diets,  Indian,  . 

 military,  sickness  in,  • 

Proof  spirit,  . 
Protococci  in  water, 
Protococcus  pluvialis,  . 
Protozoa  in  water, 
Prout  on  principles  of  diet,  . 
Prussiate  of  potash  as  a  test  for  iron, 
Psoros2}ermia,  Kainey's  capsules, 
Psychrometer, 
Puccinia  in  Avheat, 

  in  flour, 

Puebla  and  Mexico,  dryness  of  air, 
Pulmonary  disease  of  miners,  . 
Punkahs, 

Pupa  forms  of  insects  in  water, 
Purification  of  air, 

 of  rooms,  &c. ,  . 

of  water, 


Pus  globules  in  air. 
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67 
11 
66 
191 
73 
217 
440 
226 
232,  233 
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125 
178,  546 
69 
502 
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27 
113 


Pyrolusite,  used  in  filtration. 

Qualitative  chemical  examination  of 
water, 

 tests  of  water,  inferences  from, 

 for  water,  Kubel  and  Txemann 

on,  .... 
Quality  of  drinking  water. 
Quantitative  examination  of  solids  in 

water, 

 tests  for  water,  inferences  from. 

Quarantine  in  cholera, 
Quebec,  .... 
Quetelet's  tables, 

RaMes,  meat  from  animals  with, 
Radcliffe  on  cholera  outbreaks. 
Radiant  heat. 

Radiation  from  ground,  efi"ect  of, 
Radiating  grates, 
Raggy,  a  kind  of  millet, 
Rain,  ..... 

 calculation  of,  for  water  supply,  8, 

 cloud,  .... 

 fall,  cause  of,  . 

 excessive,  producing  fever, 

 in  different  places, 

 in  England,  mean, 

 in  India, 

 gauges,  .... 

 water  as  a  source  of  supply,  . 

 collection  of,  . 

 composition  of, 

 contamination  of, 

 impurities  in,  . 

Rainey's  capsules,  Psorospermia, 
Rainy  on  air  of  cholera  wards, 
Ranke  on  diet, 

 on  nutrition, 

on  quantity  of  air  required 
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Ransom  on  heat  as  a  disinfectant. 
Rations  of  foreign  armies,       .      560  et 

 soldiers',  nutritive  value, 

 war,  .... 

Rattray  on  body  temperature, 

 on  efi'ects  of  heat  on  weight  and 

height, 

Rawlinson  on  sewer  ventilation, 
on  water  pipes. 


Reaction  of  water, 
Reaumur  scale, 
Recruit,  age  of, 
height  of, 


440, 
527, 
527, 


Recruit,  the, 

 training  of,  physical,  mental, 

and  moral,  . 

 weight  of,  . 

Recruits,  efi'ects  of  gymnastic  trainmg 
on,    .         .         .  • 

 sickness  and  mortality  among. 

Red  River  Expedition,  alcohol  not 

used  in,  . 
Regulations,  army,  on  water,  , 

 army,  on  ventilation,  . 

 sanitary, 

Reid's  method  of  ventilation. 
Relapsing  fever, 
Renkioi  hut  hospital,  . 
Reservoirs,  cleansing  of, 

 materials  of, 

 for  water,        .        .•  , 

Resistance,  coefficient  of,  in  air  shatts, 
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Resistance,  coefficient  of,  in  exercise,  .  411 
Respiration,  air  of,      .         .         .  114 

 air  of,  effects  of,         .         .  133 

•  in  tlie  tropics,  .         .         .  424 

Results  of  water  analysis,  statement  of,  78,  96 
Reynolds'  manhole  and  trap,  .  369 

Rhamnus  theSzans,  .  ,  .312 
Rhazes  on  marsh  water,  ,  ,  44 
Rhinanthus  major,     .         .  ,  241 

Rhizopoda  in  water,    .         .  .  67 

Rhics  Toxicodendron  gives   rise  toi 

poisonous  milk,  .  .  .  268 
Rice,     .         .         .         .         .  254 

 fields,  effects  of,         ,         .  338 

 structure  of,     .         .    238,  240,  241 

Richardson  on  effects  of  water  in  Nor- 
folk,  56 

RiCHTER  on  cholera  from  water;        .  51 

 on  enteric  fever  from  water,.   .  47 

Rinderpest,  .  .  .  213,  222 
Rio  Grande,  effects  of  water  of  the,  .  39 
Ritchie,  plan  of  ventilation,  ..  ,  160 
River- water,  composition  of,.  .  .  20 
Rivers,  8  ;  calculation  of  yield,         .  9 

 —  in  India  purer  than  tanks,      .  26 

■  Pollution  Act,  .         .  .362 

 on  results  of  irrigation,  378,  380 

 on  sewer-water,  .         .  362 

 report  of,        ...  3 

Roasting  of  meat,  .  .  .  224 
Robinson's  anemometer,  .  .  452 
Roll-cumidus,  ....  453 
Roofs  of  barracks,  .  .  .  545 
Rooms,  purification  of,  .         .  506 

RoscoE  on  air  of  schools,       .         .  115 

 of  towns,         .         .  122 

RossiGNOL  on  effects  of  calcium  salts 

in  water,      ....  56 
Roth  and  Lex  oh  arsenic  poisoning 
through  water, 
on  quantity  of  air  required. 


Rotheln, 

Rotifera  (wheel  animalcules)  in  water 
RoUTH  on  cholera  in- Russia  in  winter 

 on  ftecal  fermentation 

Roimdworms,  .  .  .  , 
Rules  for  imi^roving  healthiness  of  site 

 for  mensuration, 

Russian  soldier,  rations  of. 
Rye,  as  a  food, 

■  detection  of,  in  flour,  , 

Saddlery,  weight  of,  . 
Sago,  as  a  food, 
Sagus  farinifera, 
Saint-Lager  on  goitre. 
Sainfoin,  in  flour  as  adidteration. 
Salt,  .... 
Salt  beef,  analysis  of  (Girardin), 

■  nutritive  value  of, 

 inspection  of,  . 

Salting  of  meat. 
Salts,  in  food, 

 essential  for  food, 

 in  articles  of  diet, 

 in  diets, 

 of  vegetable  acids. 

Sandals,  .         .         .  , 

Sandekson  on  death-point  of  hacteria, 
Sand  filters,  .... 
Sand-rock,  water  from. 
Sanitary  officer's  duties  in  war, 
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Sanitary  regulations  on  water, 
Sarcina  botidina, 
Sausage,  pea. 
Sausage-poisoning, 

Savory  on  the  food  of  the  dog  and  tlie 
rat,  ..... 
Sawee  Cheniiawaree,  kind  of  millet,  , 
Scarlet  fever  carried  by  milk, 

 disinfection  in, 

Schizoviycetes,  Nageli  on, 
ScHLESiNGER  on  chemical  reaction  of 
fabrics,  .... 
ScHONBEiN  on  ozone,  . 
Schonbein's  ozone  paper, 
ScHUBLER  on  retention  of  heat  in  soils, 
Schumacher's  formula  for  barometers, 
Sclerostoma  duodenale, 
Scolecidce  in  water, 
Scott  on  mean  temperature,  . 
Scott's  instructions,  . 
Scurvy,  danger  of,  in  India,  . 

 grass,  .... 

 in  war,  its  great  danger, 

prevention  of, 
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Sea-level,  correction  for. 
Sea-weed  charcoal  as  filter. 
Sediment  of  water,  chemical  examina- 
tion of,  . 
Sedimentous  water,  means  of  purify- 
ing,   

Segment  of  circle,  area  of, 

Seidel  on  probable  connection  of  fever 

with  level  of  ground  water, 
Selenitic  waters, 
Sepoy  diet, 
Serge  frock, 
Service  of  the  soldier, 

 on  board  shipj  , 

 pipes  for  water, 

Setaria  Germanica,  a  kind  of  millet, 

 Italim,  a  kind  of  millet. 

Sewage,  ABC  process  (Sillar's)  for, 

 carbonisation  of, 

 cement  (Scott's), 

 comparison  of  different  methods 

of  removal  of, 

 deodorisation  of, 

 dry  methods  of  removal  of,  . 

 farms,  .... 

 filtration  at  Merthyr  Tydvil,  . 

 filtration.  Dyke  on, 

 Fryer's   process  of  dealing 

with,  .... 

 interception  system  of, 

 iiTigation, 
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376 
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377. 

392 
511 
386 
381 
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391 
384 
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381 
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360 
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383 


■  irrigation,  effects  on  health,  . 

•  Liernur's  pneumatic  system, 

 matter,  decomposition  of, 

■  vitiation  of  air  by, 

 precipitants, 

 the  separate  system  of. 

Sewerage.    See  under  Sewage  and  Sewers 
Sewer-air,  effects  of  breathing,         .  137 
Sewer  emanations  frojn  faecal  matter 

thrown  on  the  ground,  effects  of,  142 

 gases     in     water,  caitsmg 

diarrhoea,      •         •         .  41 

 reflux  of,  prevented  by  constant 

water  supply, 
men,  health  of. 


Sewers, 


access  to, 
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Sewers,  air  of,  . 

 amount  of  water  required  for, 

 construction  of, 

 discharge  from,  calculation, 

 flushing  of,  , 

 influence  of,  on  health  and 

death-rate, 

 producing  typhoid  fever, 

 inspection  of,  . 

 mam,  . 

 objections  to,  . 

 ventilation  'of,  . 

Sewer-slime, 

Sewer-water,  composition  of,  ■. 

 discharge  into  running  water 

prohibited, 

 discharge  into  the  sea, 

 disposal  of, 

 microscopic  examination  of. 

 precipitation,  . 

 storage  in  tank,  with  overflow, 

Seymour  Haden  on  perishable  ooifins, 
Shaking-bottles  for  soap-test, 
Shako,  .... 
Shell-jacket  abolished, 
Shepherd,  analysis  of  DelM  waters, 
Shebingham  valve. 
Shield's  experiments  on  filtration. 
Ship  filters. 

Ships,  air  in  holds  of,  . 
Shoddy,  how  recognised, 
Shoeburyness  water,  , 
Shoes  and  boots. 
Sick,  aggregation  of,  risks, 

 amount  of  air  required  for, 

 men,  water  supply  for, 

 necessity  for  distribution  of, 

-=  in  war,  division  of, 

 rooms,  air  of,  . 

Sickness,  canses  of, 

■  loss  of  service  from, 

Sida  in  water,  . 
Sieges,  sanitary  duties  during, 
Sierra  Leone,  . 

Silica  in  water,  determination  of, 
Silicic  acid  in  water,  test  for,  . 
Silver,  nitrate  of,  as  test  for  chlorine, 

 solution,  standard,  preparation 

of,  . 

Simon  on  efl'ects  of  impure  water, 
Siphon  traps,  . 

 closet-basin. 

Sirocco,  effects  of. 

Site,  preparation  of,  for  military  pur 

poses. 
Size  of  barracks. 

Skin  diseases  from  impure  water, 

"Skip-jack"  or  "water-boatman' 
in  water. 

Slate  for  cisterns,  best. 

Sluice,  discharge  of  water  through, 

Smallpox,  discharges  from,  in  air, 

 disinfection  in, 

 in  sheep, 

 prevention  of,  . 

Smart  on  mountain  fever  and  ma- 
larious water. 

Smith,  Angus,  on  composition  of  air 

— ;  on  lead  poisoning, 

 on  rain  water. 
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Smith,  Edward,  on  exercise, 

 on  muscular  action, 

Snellen  on  cholera  in  Utrecht, 

Snow-line,  height  of,  . 

Snow  on  cholera  from  drinking  M  ater, 

 on  specific  diseases  propagated 

by  water, 

Snow  water,  cause  of  unwholesome 

ness  of,      .  .  , 

Soap  solution,  graduation  of,  . 

 preparation  of. 

Soap  test,  rationale  of, 

 for  hardness  of  water,  . 

Sodium  carbonate,  for  purifying  water, 

 chloride,  in  water, 

 chloride,  for  graduating  standard 

silver  nitrate  solution, 
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51 
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50 

43 
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702 
702 
81 
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28 
17 


Sodium  salts  in  air, 


Soil,  air  m, 


Soils, 


■  chemical  examination  of, 

■  conformation  and  elevation  of; 

■  examination  of, 

■  from  West  Coast  of  Africa, 

■  mechanical  condition  of, 

-  method  of  rendering  drier, 

-  moisture  of, 

■  solid  ■constituents  of,  . 

-  temperature  of, 

■  water  in, 


702 
106 
324 
341 
333 
341 
340 
341 
332 
326 
323 
341 
326,  329 
324 


in. 


researches  on  air,  106, 109, 119, 124, 130 
Smith,  Edward,  on  diet,      .         .  203 


absorption  of  heat, 

 alluvial, 

 animal  matter  in, 

 chemical  composition  of  solids 

 cultivated, 

 different  kinds  of, 

 iron,  as  cause  ■of  fever, 

 made,  . 

 malarious, 

 mineral  constituents  of, 

 of  India, 

 vegetable  matter  in. 

Soil  water,  fever  produced  by  impeded 

outflow  of,  . 
SoucHON  filters, 
Solanum,  tuberosum, 
Soldier,  clothing  of,  . 

 food  of,       •  . 

 service  of. 

Soldierly  qualities, 
Soldiers,  supply  of  water  to,  . 
Solids,  fixed,  in  water, 

 in  water,  dissolved, 

 quantitative  examination  of, 

 total,  in  water, 

 volatile,  in  water, 

Somerset  patent  trap. 
Sore  feet,        .         •  ^. 
Sorghum  (or  Panicum)  mlgare  (millet), 

 saccharatum  (millet),  . 

Soojie,  flour, 

Soxhlet's  apparatus  for  fat,  . 
Specific  diseases,  prevention  of, 
Specific  diseases  propagated  by  water 
Sphere,  cubic  contents  of, 
Spirilluvi  in  water. 
Spirits, .         .         •  • 

 composition  of, 

 used  in  difl"erent  countries, 

Splenic  apoplexy  in  sheep,  . 
Sponge  as  a  filtering  medium, 
Spongy  iron  as  a  filter,  . 
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Spongy  iron  does  not  favour  growth  of 
fimgi,  . 

 filter,  figure  of,  fig.  11, 

Sporendonema  casei,  . 
Spotted  typhus, 
Sphengel  pump,  use  of, 
Spring  water,  composition  of,  . 
Springs,  calculation  of  yield,  . 
Stables, 

 air  of,  . 

 ventilation  of,  . 

Standard  barium  nitrate  solution  for 
soap  test, 

 nitrate  of  silver  solution, 

 soap  solution,  . 

 solution  of  ammonium  chloride, 

 solution  of  permanganate  of 

potassium, 

 sulphuric   acid   solution  for 

carbonates, 
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Starch  grains  of  arrowroot, 

 of  barley, 

 of  beans, 

 of  maize, 

 of  oat,  .... 

 of  pea,  .... 

 of  potato, 

 of  rice, 

 of  rye,  .... 

 of  wheat. 

Starches  and  sugars,  . 
Starches,  plate  of,  . 
Starches,  tabular  synopsis  of  characters. 
Starchy  substances, 
Stations,  dressing, 

regimental,      .         .  « 


704 
256-258 
237 


Statistics, 

in  war, 


Steam  pipes  for  warming, 
Stentor, 

Stejihanurus  dentatus, 
Stevenson's  thermometer  screen  or 
stand,  .         .         .  . 

Stewing  of  meat, 

St.  Helena,      .         .         .  . 
St.  Lucia,'       .         .         .  . 
Stoddart  on  lime  juice, 
Stomach,  afi"ections  of,  from  impure 
water,  .         .         .  . 

Storage,  calculation  of, 
of  water. 
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240 
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232 
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276 
258 
192 
696 
696 
517 
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397 
68 

214,  217 


455 
224 
646 
639 
322 


Stoves,  cast-iron,  dangers  of,  . 
Stratus,  .         .         .  . 

Streams  polluted  by  fjecal  matter, 
Stromeyer  on  military  conjunctivitis, 
Strongylus  duodenaUs, 
-jilaria 


Strychnos  potaiorum  for  purifying  water, 
Stylonichia, 
Sub-mains  for  water, 
Sub-soil  water, 
Sugar, 
Sugars, 

Sulphates  in  water,  action  on  lead,  . 

Sulphates,  effects  of. 

Sulphides,  metallic,  as  cause  of  goitre, 

 in  water,  tests  for. 

Sulphur  dioxide.   See  Sulphurous  acid. 

Sulphur,  quantity  required  for  fumi- 
gation, .... 

Sulpliuretted  hydrogen.  See  Hydrogen 
sulphide. 
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16 
41 
58 
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Sulphuric  acid  in  water,  determination 
of,  by  soap  test, 

 acid  by  weight, 

 acid  solution  for  carbonates, 

Sulphurous  acid  as  air  purifier, 

 acid  for  preserving  meat, 

 acid  gas,  effects  of, 

 acid  in  water,  efiects  of. 

Sun's  rays,  effects  of  direct, 
Sunstroke,  rarity  of,  in  mid-ocean, 

 prevention  of,  . 

Supply  of  water,  constant  and  inter 

mittent. 
Surface  water. 
Suspended  matters  in  air, 

matters  in  enclosed  spaces, 
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56 
422 
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481 
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108 
112 
39 
174 
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56 
260 
159 
196 


Sutherland  on  hard  water, 
Sutton's  method  of  ventilation, 
SuvERN  deodorant, 

Swansea,  sulphurous  acid  from  copper 

works. 
Sweet  potato, 

Sylvester's  plan  of  ventilation, 
Syntonin,        .         .         .  192 
Syphilis,  effects  of,  in  producing  aneu- 
rism, .         .         .  .609 
Syphilis.   See  Venereal  Diseases. 

Table  of  useful  measures,  178,  and  Appendix 

 to  show  discharge  of  air,        .  182 

Tabular  view  of  qiialitative  tests  in  water,  72 

 of  inferences  from  do.  . 

of  classes  of  drinking  water. 


Tacca  or  Otaheiti  arrowroot, 
Tcenia, 

 marginata, 

medioeanellata, 


214, 


Tallow-makers  and  bone-burners, 
Tanks,  cleaning  of, 

 for  water, 

 materials  of. 

Tank-worms  in  India,  . 
Tannin  for  purifying  water. 
Tape-worm, 
Tapioca, 

Taps,  screw,  required  for  constant 

water  supply. 
Tartaric  acid  in  wine, 

 acid  in  scurvy, 

Tasajos  (dried  meat),  . 
Taylor,  Inspector-General  J.  R.,  on 

order  of  march. 
Tea,  action  of, 

 adulterations  of, 

 as  an  article  of  diet, 

 composition  of, 

 examination  of, 

 for  purifying  water, 

 leaf,  structure  of. 

Telluric  effluvia,  diseases  attributed  to. 
Temperature,  conditions  afi'ecting, 

 corrections  for,  for  heights, 

 corrections  for, 

 effects  of  elevation  on, . 

 effect  of  land  and  water  on, 

 effects  of,  on  health,  . 

 effects  of  rapid  changes  of, 

 in  India, 

 mean,  ways  of  obtaining, 

 of  the  air,  recording,  , 

 of  the  body, 

 periodic  changes  of, 
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Temperature,  range  of, 

•  required  for    evaporation  of 

water  in  analysis,  . 

 varations  of  climate  due  to, 

Tenay  (millet),  . 
Tent,  bell, 

 bell,  cubic  contents  of,  • 

 circular, 

 marquee, 

 shelter, 

Tente  d'abri,  . 
Tents,  American, 

 and  camps, 

■  Edgington's,  . 

■  French, 

 hospital, 

 Indian, 

 officers', 

 Prussian, 
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 ventilation  of,  . 
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Terrestrial  radiation  thermometer, 
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 relations  of, 
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 reading  of, 
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water,.         .         .  . 
 objects  in  water  from  (Plate 
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dysentery, 
Total  solids  in  water,  . 
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Towns,  air  of,  . 
TowNSEND  on  cholera  in  India, 

■  on  fever  from  marsh  water  in 
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Tropical  climates,  causes'  of  unhealthi 

uess,  .....  419 
Tropics,  water  supply  in,  .  .  6 
Troubridge,  Sir  T.,  his  yoke  valise,  54 
Trousers,  .  .  .  ,570 
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 propagated  through  air. 
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Universal  disinfecting  powder, 
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 by  action  of  winds, 

 by  diffusion, 
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 experiments,  apparatus  required, 

 improved,  good  effects  of,  in 

cavalry  stables,         .         .  105 

 mecbanical,      .         .  .154 
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 natural  and  artificial,  relative 

value  of,        .         .         .  178 

 of  Indian  barracks,     ,         .  545 
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Volga,  effects  of  water  of  the. 
Volumetric  analysis,  standard  solutions 
for,  


23 
264 
193 
79 
40 

702 

42 


Walcheren,  dysentery  at, 
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chemistry  on  the  part  of  the  pupil,  and  does  not  enter  into  any  theoretical  speculations. 
It  dispenses  with  the  use  of  all  costly  apparatus  and  chemicals,  and  is  divided  into 
separate  exercises  or  lessons,  with  examples  for  practice,  to  facilitate  the  instmction  of  large 
classes.  The  method  of  instruction  here  followed  has  been  adopted  by  the  author, 
after  nearly  thirty  years'  experience  as  a  teacher  in  the  laboratory. 

 0  

G.  Fownes  and  H.  Watts 

A  MANUAL  OF  CHEMISTRY.  By  G.  FowNES,  F.R.S. 
Edited  by  Henry  Watts,  B.A.,  F.R.S.     Twelfth  Edition. 

Vol.  I. — Physical  and  Inorganic  Chemistry.     With  154  Engravings 
and  Coloured  Plate  of  Spectra     .  .       Crown  8vo,  8s.  6d. 

Vol.  II. — Chemistry  of  Carbon  Compounds,  or  Organic  Chemistry, 
with  Engravings  .  .  .  Crown  8vo,  los. 

R.  Fresenuis 

QUALITATIVE  ANALYSIS.  By  C.  Remigius  Fresenius. 
Edited  by  Arthur  Vacher.  Ninth  Edition,  with  Coloured  Plate  of 
Spectra  and  47  Engravings       . .  .  8vo,  12s.  6d. 

By  the  same  Author 

QUANTITATIVE  ANALYSIS.  Edited  by  ARTHUR  Vacher. 
Seventh  Edition.   Vol.1.   With  106  Engravings.   ,  .      8vo,  153. 
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A.  P.  Luff 

AN  INTRODUCTION  to  THE  STUDY  of  CHEMISTRY, 
specially  designed  for  Medical  and  Pharmaceutical  Students.  By  A.  P. 
Luff,  F.I.C,  F.C.S.,  Lecturer  on  Chemistry  in  the  Central  School  of 
Chemistry  and  Pharmacy  .  .  ,      Crown  8vo,  2s.  6d. 
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A,  Vacher 

A   PRIMER   OF    CHEMISTRY,  Including  Analysis, 
By  Arthur  Vacher  ...  .  .        i8mo,  is. 

 0- — 

F.  Clowes 

PRACTICAL  CHEMISTRY  AND  QUALITATIVE 
INORGANIC  ANALYSIS.  By  Frank  Clowes,  D.  Sc.  Lond.,  F.C.S. 
Lond.  and  Berlin,  Professor  of  Chemistry  in  University  College, 
Nottingham.  Third  Edition,  with  47  Engravings.  .  Post  8vo,  7s.  6d. 
This  work  is  an  Elementary  Treatise  specially  adapted  for  use  in  the  Laboratories 

of  Schools  and  Colleges,  and  by  beginners. 


y.  E.  Bowman  and  C,  L.  Bloxam 

PRACTICAL  CHEMISTRY,  Including  Analysis. 
By  John  E.  Bowman  and  C.  L.  Bloxam.  Seventh  Edition.  With 
98  Engravings        ....  Fcap  8vo,  6s.  6d. 

In  this  edition  the  entire  Analytical  Course  has  been  reduced  to  a  tabular  form, 
and  symbols  and  equations  have  been  freely  used.  The  intention  of  the  work  is  to 
furnish  to  the  beginner  a  text -book  of  the  practical  tninutuz  of  the  laboratory.  The 
various  processes  employed  in  analysis,  or  which  have  been  devised  for  the  illustration 
of  the  principles  of  the  science,  are  explamed  in  language  as  simple  as  possible. 


C  Brown 

ANALYTICAL  TABLES  for  STUDENTS  of  PRACTICAL 
CHEMISTRY.  By  J.  CAMPBELL  Brown,  D.Sc.  Lond.,  F.C.S.  Second 
Edition.       .....      8vo.   In  the  Press. 

E.  Frankland 

HOW  TO  TEACH  CHEMISTRY:  Hints  to  Science 
Teachers  and  Students.  Six  Lectures  by  Edward  Frankland,  U.C.L., 
FR.S.,  Summarised  and  Edited  by  George  Chaloner,  F.C.S.  With 
47  Engravings  •  •  •         Crown  8vo,  3s.  6d. 

Ei  T.  Kensington 

CHEMICAL  COMPOSITION  OF  FOODS,  WATERS, 
SOILS,  MINERALS  MANURES,  AND  MISCELLANEOUS  SUB- 
STANCES. Compiled  by  E.  T.  KenSinGTOn,  F.C.S.,  formerly  Chief 
Assistant  to  ThomaS  Anderson,  M.D.,  late  of  the  University  Glasgow 
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C.  M.  Tidy 

A  HANDBOOK  OF  MODERN  CHEMISTRY,  Inorganic 
and  Organic.  For  the  Use  of  Students.  By  Charles  Meymott  Tidy, 
M.B.,  F.C.S.,  Professor  of  Chemistry  at  the  London  Hospital.      8vo,  los. 

U.  J.  Kay-ShuttUworth 
FIRST  PRINCIPLES  OF  MODERN  CHEMISTRY. 
By  Sir  U.  J.  Kay- Shuttle  WORTH,  Bart.     Second  Edition. 

Crown  8vo,  4s.  od. 


A.  J.  Bernays 

NOTES  FOR  STUDENTS  IN  CHEMISTRY:  Being  a 
Syllabus  of  Chemistry,  compiled  mainly  from  the  Manuals  of  Miller, 
Fownes-Watts,  Wurz,  and  Schorlemmer.  By  Albert  J.  Bernays, 
Ph.  D.,  Professor  of  Chemistry  at  St.  Thomas's  Hospital ;  Examiner  in 
Chemistry  at  the  Royal  College  of  Physicians.    Sixth  Edition. 

Fcap.  8vo,  3  s.  od. 

By  the  same  Author 

SKELETON   NOTES  ON  ANALYTICAL  CHEMISTRY, 
for  Students  in  Medicine      .  .  .  Fcap  Bvo,  2s.  6d. 


0.  Hehner 

ALCOHOL  TABLES,  giving  for  all  Specific  Gravities,  from 
I  -oooo  to  07938  the  Percentages  of  Absolute  Alcohol,  by  Weight  and  by 
Volume,  and  of  Proof  Spirit.  By  Otto  Hehner,  F.C  S.,  Public  Analyst 
for  the  Isle  of  Wight  and  for  the  Boroughs  of  Derby  and  Ryde. 

Roy.  8vo,  3s.  6d. 
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O.  Hehner  and  A,  Angell 

BUTTER  ;  Its  Analysis  and  Adulterations,  specially  treating  on 
the  Detection  and  Determination  of  Foreign  Fats.  By  Otto  Hehner, 
F.C.S.,  and  Arthur  Angell,  F.R.M.S.,  Public  Analyst  for  the  County 
of  Southampton.    Second  Edition.    Entirely  re-written  and  augmented. 

Crown  8vo,  3  s.  6d. 


R,  Wagner  and  IV.  Crookes 

HANDBOOK  OF  CHEMICAL  TECHNOLOGY.  By 
Rudolf  Wagner,  Ph.D.,  Professor  of  Chemical  Technology  at  the 
University  of  Wurtzburg.  Translated  and  Edited  from  the  Eighth  German 
Edition,  with  Extensive  Additions,  by  William  Crookes,  F.R.S.  With 
336  Engravings    .......       8vo,  25s, 

*^*  The  design  of  this  work  is  to  show  the  application  of  the  science  of  chemistry  to 
the  various  manufactures  and  industries.  The  subjects  are  treated  of  in  eight  divisions, 
as  follows  : — i.  Chemical  Metallurgy,  Alloys,  and  Preparations  made  and  obtained  from 
Metals.  2.  Crude  Materials  and  Products  of  Chemical  Industry.  3.  Glass,  Ceramic 
Ware,  Gypsum,  Lime,  Mortar.  4.  Vegetable  Fibres.  5.  Animal  Substances.  6.  Dye- 
ing and  Calico  Printing.    7.  Artificial  Light.    8.  Fuel  and  Heating  Apparatus. 
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IV.  G.  Valentin  and  IV.  R.  Hodgkinson 

VALENTIN'S  QUALITATIVE  CHEMICAL  ANALYSIS. 
Fifth  edition.  By  W.  R.  Hodgkinson,  Pb.  U.  (Wiirzburg),  Demonstrator  of 
Practical  Chemistry  in  the  Royal  School  of  Mines  and  Science  Traming 
Schools,  South  Kensington.    With  Engravings  .  .       8vo,  7s.  6d. 

By  the  same  Authors 

TABLES  FOR  THE  QUALITATIVE  ANALYSIS  OF 
SIMPLE  AND  COMPOUND  SUBSTANCES,  both  in  the  Dry  and  Wet 
Way.    On  indestructible  paper  .  .  .      8vo,  2s.  6d. 

W.  G.  Valentin 

INTRODUCTION  TO  INORGANIC  CHEMISTRY.  By 
Wm.  G.  Valentin,  F.C.S.,  late  Principal  Demonstrator  of  Practical 
Chemistry  in  the  Royal  School  of  Mines  and  Science  Training  Schools, 
South  Kensington.    Third  Edition.    With  82  Engravings  .      8vo,  6s.  6d. 

By  the  same  Author 

CHEMICAL  TABLES  FOR  THE  LECTURE  ROOM  AND 
LABORATORY.    In  five  large  sheets.  .  .  5s.  6d. 

A.  H.  Allen 

AN  INTRODUCTION  TO  THE  PRACTICE  OF  COM- 
MERCIAL ORGANIC  ANALYSIS  ;  a  Treatise  on  the  Properties, 
Proximate  Analytical  Examination,  and  Modes  of  Assaying  the  Various 
Organic  Chemicals  and  Products  Employed  in  the  Arts,  Manufactures, 
Medicine,  &c.;  with  Concise  Methods  for  the  detection  and  determination 
of  their  Impurities,  Adulterations,  and  Products  of  Decomposition,  By 
Alfred  H.  Allen,  F.I.C.,  F.C.S.,  Lecturer  on  Chemistry  at  the  School 
of  Medicine  and  the  Wesley  College,  Sheffield. 

Vol.  I. — Cyanogen  Compounds,  Alcohols  and  their  Derivatives,  Phenols, 
Acids,  &c.      .  .  .  .  •  8vo,  ICS.  6d. 

Vol.  II.— Hydrocarbons,  Fixed  Oils  and  Fats,  Sugars,  Starch  and  its 
Isomers,  Alkaloids  and  Organic  Bases,  &c.  .  8vo,  155. 

F.  Sutton 

A  SYSTEMATIC  HANDBOOK  OF  VOLUMETRIC  ANA- 
LYSIS ;  or,  the  Quantitative  Estimation  of  Chemical  Substances  by 
Measure,  applied  to  Liquids,  Solids,  and  Gases.  Adapted  to  the  require- 
ments of  Pure  Chemical  Research,  Pathological  Chemistry,  Pharmacy, 
•Metallurgy,  Manufacturing  Chemistry,  Photography,  &c.,  and  for  the 
•Valuation  of  Substances  used  in  Commerce,  Agricuhure,  and  the  Arts.  By 
Francis  Sutton,  F.C.S.,  F.I.C.,  Public  Analyst  for  the  County  of 
Norfolk.    Fourth  Edition,  with  83  Engravings       .  .       Svo,  i6s. 
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E.  V.  Tuson 

COOLEY'S  CYCLOPAEDIA  OF  PRACTICAL 
RECEIPTS,  AND  COLLATERAL  INFORMATION  IN  THE  ARTS, 
MANUFACTURE  PROFESSIONS,  AND  TRADES  :  Inc  uding 
Medicine,  Pharmacy,  Hygiene  and  Domestic  Economy.  Designed  as  a 
Comprehensive  Supplement  to  the  Pharmacopoeias  and  GeneralBook  ot 
Reference  for  the  Manufacturer,  Tradesman,  Amateur  and  Heads  of 
Families.  Sixth  Edition,  Revised  and  Rewritten  by  Professor  Richard 
V.  Tuson,  F.I.C,  F.C.S.,  assisted  by  several  Scientific  Contributors. 
With  many  Engravings.    2  Vols,,  i,8oo  pp.  .  •       8vo,  42s. 

The  new  edition,  exceeds  the  last  by  some  400  pages,  and  contains  a  greatly  increased 
number  of  receipts  culled  from  the  most  reliable  English  and  foreign  journals  ;  numerous 
Articles  on  Applied  Chemistry,  Pharmacy,  Hygiene,  Human,  and  Veterinary  Medicine, 
&c.,  are  also  added;  many  of  the  old  articles  have  been  extended  ;  and,  where 
desirable,  the  text  is  illustrated  by  woodcuts. 

J.  F.  Royle  and  J.  Harley 
ROYLE'S    MANUAL    OF    MATERIA    MEDICA  AND 
THERAPEUTICS.    Sixth  Edition.    By  John  Harley,  M.D.,  F.R.C.P. 
With  J39  Engravings.  .  .  •  Crown  8vo,  15s. 

' « This  Manual  is,  to  our  minds,  unrivalled   and  completeness  of  information.'  '—BrUish 


in  any  language  for  eondensation,  accuracy, 


Medical  Journal. 


C.  D.  F.  Phillips 

MATERIA  MEDICA  AND  THERAPEUTICS:  By  CHARLES 
D.  F.  Phillips,  M.D. 
Vol.  I.— Vegetable  Kingdom  .  .  8vo,  15s. 

Vol.  II.— Inorganic  Substances         .  .  8vo,  21s. 

"  It  is  the  great  distinction  of  this  book  that  an  amount  of  space  is  given  in  it  to  care- 
ful discussion  of  the  physiological  and  the  therapeutical  actions  of  drugs  greater  than  has 
been  given  in  any  previous  EngUsh  text-book  of  Materia  Medica.  "—Practitioner. 
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C.  Binz 

THE  ELEMENTS  OF  THERAPEUTICS.  A  Clinical  Guide 
to  the  Action  of  Drugs.  By  C.  BiNZ,  M.D.,  Professor  of  Pharmacology  in 
the  University  of  Bonn.  Translated  and  Edited  with  Additions,  in 
Conformity  with  the  British  and  American  Pharmacopoeias,  by  EDWARD 
I.  Sparks,  F.R.C.P.,  M.A.,  M.B.  Oxon.,  formerly  Radcliffe  Travelling 
Fellow       .....         Crown  8vo,  8s.  6d. 

*  *  Practically,  this  translation  represents  a  new  edition,  a  considerable  amount  of 
ne'vuTmatter  which  did  not  appear  in  the  fifth  German  edition  having  been  added  by 
Professor  Binz,  and  a  number  of  errors  which  occurred  in  the  latter  having  been  corrected. 
Nearly  the  whole  of  the  proof  sheets  have  been  read  and  revised  by  Prolessor  Binz. 

 0  

J.  C.  Thorowgood 

THE  STUDENT'S  GUIDE  TO  MATERIA  MEDICA  AND 
THERAPEUTICS,  in  accordance  with  the  British  Pharmacopoeia.  By 
John.  C.  Thorowgood,  M.D.  Lond.,  F.R.C.P.,  Lecturer  on  Materia  Medica 
at  the  Middlesex  Hospital.  Second  Edition,  with  Engravings.'  Fcapl  8vo,  7s. 

**  Students  can  hardly  hope  for  a  more  serviceable  text-book." — Practitioner. 
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StilU  and  Maisch 

THE  NATIONAL  DISPENSATORY;  containing  the  Natural 
History,  Chemistry,  Pharmacy,  Actions  and  Uses  of  Medicines,  including 
those  recognised  in  the  Pharmacopoeias  of  the  United  States  and  Great 
Britain  and  Germany,  with  numerous  references  to  the  French  Codex.  By 
Alfred  Stille,  M.D.,  LL.D.,  Professor  of  the  Theory  and  Practice  of 
Medicine  in  the  University  of  Pennsylvania ;  and  John  M.  Maisch,  Ph.D., 
Professor  of  Materia  Medica  and  Botany  in  the  Philadelphia  College  of 
Pharmacy.    Second  Edition,  with  239  Engravings.    1,680  pp.   .   8vo,  34s. 

y.  Stocken 

ELEMENTS  OF  DENTAL  MATERIA  MEDICA  AND 
THERAPEUTICS,  WITH  PHARMACOPOEIA.  By  James  Stocken, 
L.D.S.R.C.S.,  late  Lecturer  on  Dental  Materia  Medica  and  Therapeutics, 
and  Dental  Surgeon  to  the  National  Dental  Hospital.   Third  Edition, 

Fcap.  8vo.    In  the  Press. 

I.  Owen 

TABLES  OF  MATERIA  MEDICA  ;  comprising  the  Contents, 
Doses,  Proportional  Composition,  and  Methods  of  Manufacture  of  the 
various  Pharmacopoeial  Preparations,  arranged  to  facilitate  acquirement. 
By  ISAMBARD  Owen,  M.A.,  M.R.C.P.,  Lecturer  on  Materia  Medica  to 
St.  George's  Hospital.    Sixth  Edition  .      .      Crown  8vo.   In  the  Press. 

A.  Wahliuch 

A  DICTIONARY  OF  MATERIA  MEDICA  AND  THERA- 
PEUTICS.  By  Adolphe  Wahltuch,  M.D.      .      .      Bvo,  ios.6d. 

♦  ♦  The  purpose  of  this  work  is  to  give  a  tabular  arrangement  of  all  drugs  specified  in 
lhe*British  Pharmacopoeia  of  1867.  Every  table  is  divided  into  six  parts  :—(i)  The 
Mame  and  Synonyms ;  (2)  Character  and  Properties  or  Composition  ;  (3)  Physiological 
Effects  and  Therapeutics;  (4)  Form  and  Doses;  (5)  Preparations;  (6)  Prescripiwits. 
Other  matter  elucidatory  of  the  Pharmacopceia  is  added  to  the  work. 

"  A  very  handy  book," — Lancet. 

THE  PRESCRIBER'S  PHARMACOPCEIA  :  The  Medicines 
arranged  in  Classes  according  to  their  Action,  with  their  Composition 
and  Doses.    By  A  Practising  Physician.   Fifth  Edition. 

Fcap  32mo,  cloth,  2s.  6d.;  roan,  with  flap  and  elastic  band,  3s.  6d. 

B.  S.  Proctor 

LECTURES  ON  PRACTICAL  PHARMACY. 
Bv  Barnard  S.  Proctor,  Lecturer  on  Pharmacy  at  the  College  ot  Medi- 
cine, Newcastle-on-Tyne.  With  43  Engravings  and  32  Plates,  containing 
Fac-Simile  Prescriptions   •  *^°» 
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y.  Mayne 

THERAPEUTICAL  REMEMBRANCER;  presenting  in  detail 
all  Medicaments  accredited  by  the  British  Pharmacopeia  with  copious 
Supplementary  Tables,  and  interleaved  for  Notanda.  By  J Mayne, 
M.I).,  L.R.C.S.E.    Second  Edition  i6mo,  3s.  bd. 

By  the  same  Author 

NOTES  ON  POISONS.    Mounted  and  Varnished. 
^  18  in.  by  12  in.,  is.  6d. 

J.  B.  Smith 

PHARMACEUTICAL  GUIDE  TO  THE  FIRST  AND 
SECOND  EXAMINATIONS.    By  JOHN  Barker  Smith.  Second 

Edition  Crown  8vo,  6s.  6d. 

first  and  sf.cond  examinations 
Lat^n  Grammar— Fractions  -  Metric  System  —  Materia  Medica  -  Botany 
—Pharmacy— Chemistry— Prescriptions. 

J.  Steggall 

FIRST    LINES    FOR   CHEMISTS   AND  DRUGGISTS 

preparing  for  Examination  at  the  Pharmaceutical  Society.  By  JOHN 
Steggall,  M.D.    Third  Edition  i8mo,  3s.  6d. 

P.  Squire 

COMPANION    TO    THE    BRITISH  PHARMACOPCEIA 

(latest  Edition),  comparing  the  strength  of  its  various  preparations  with 
those  of  the  United  States,  and  other  Foreign  Pharmacopoeias,  to  which 
are  added  Non-official  Preparations,  and  Practical  Hints  on  Prescribing  ; 
also  a  Tabular  Arrangement  of  Materia  Medica  for  Students,  an  Appendix 
containing  Articles  employed  in  Chemical  Testing,  and  Analyses  of  the 
Principal  Spas  of  Europe.  By  Peter  Squire,  F.L.S.,  formerly  President 
of  the  Pharmaceutical  Society,  assisted  by  his  Sons  P.  W.  Squire  and  A.  H. 
Squire.   Thirteenth  Edition  8vo,  los.  6d. 

By  the  same  Author 

PHARMACOPCEIAS   OF  THE    LONDON  HOSPITALS 

Fourth  Edition  Fcap  8yo,  6s. 

Mr.  Squire  has  collected  all  the  Formulas  used  in  twenty-five  of  tlie  principal 
Hospitals  of  London,  and  arranged  them  in  groups  for  comparison.  These  Formulas 
were  revised  and  approved  by  the  medical  staff  of  each  of  the  Hospitals,  and  may 
therefore  be  taken  as  an  excellent  guide  to  the  medical  practitioner,  both  as  to  dose  and 
best  menstruum  in  prescribing.  The  Diet  Tables  of  the  various  Hospitals  are  also 
included. 

W.  Stowe 

A  TOXICOLOGICAL  CHART,  Exhibiting  at  one  view  the 
Symptoms,  Treatment,  and  Mode  of  Detecting  the  Various  Poisons, 
Mineral,  Vegetable,  and  Animal.  To  which  are  added  concise  Directions 
for  the  Treatment  of  Suspended  Animation.  By  William  Stowe, 
M.R.C.S.E.    Thirteenth  Edition  .      .       .      .       Sheet,  2s. ;  Roller,  55. 
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A.  S.  Taylor 

POISONS  IN  RELATION  TO  MEDICAL  JURIS- 
PRUDENCE AND  MEDICINE.  By  Alfred  S.  Taylor,  M.D.,  F.R.S., 
late  Professor  of  Medical  Jurisprudence  to  Guy's  Hospital.  Third  Edition, 
with  104  Engravings  Crown  8vo,  i6s. 


H.  Beasley 

THE  POCKET  FORMULARY  AND  SYNOPSIS 
OF  THE  BRITISH  AND  FOREIGN  PHARMACOPCEIAS  :  Compris- 
ing Standard  and  approved  Formulas  for  the  Preparations  and  Compounds 
employed  in  Medical  Practice.    By  HENRY  Beasley.   Tenth  Edition. 

i8mo,  6s.  6d. 

By  the  same  Author 

THE  DRUGGIST'S  GENERAL  RECEIPT-BOOK: 
Comprising  a  Copious  Veterinary  Formulary,  Numerous  Recipes  in 
Patent  and  Proprietary  Medicines,  Druggists'  Nostrums,  &c. ;  Perfumery, 
and  Cosmetics ;  Beverages,  Dietetic  Articles  and  Condiments ;  Trade 
Chemicals  ;  Scientific  Processes  ;  and  an  Appendix  of  Useful  Tables. 
Eighth  Edition   .       i8mo,  6s.  6d, 

Also 

THE  BOOK  OF  PRESCRIPTIONS:  Containing  3,107  Pre- 
scriptions collected  from  the  Practice  of  the  most  eminent  Physicians  and 
Surgeons,  English  and  Foreign.  With  an  Index  of  Diseases  and  Remedies. 
Fifth  Edition  iBmo,  6s.  6d. 


"Mr.  Beasley's  'Pocket  Formulary,' 
*  Druggist's  Receipt-Book,'  and  '  Book  of 
Prescriptions'  form  a  compact  library  of 


reference  admirably  suited  for  the  dispens- 
ing desk." — Chemist  and  Druggist. 


G.  C.  Wittstein 

PRACTICAL  PHARMACEUTICAL  CHEMISTRY :  'An 
Explanation  of  Chemical  and  Pharmaceutical  Processes  ;  with  the  Methods 
of  Testing  the  Purity  of  the  Preparations,  deduced  from  Original  Experi- 
ments.   By  Dr.  G.  C.  Wittstein.    Translated  from  the  Second  German 

Edition  by  Stephen  Darby  iBmo,  6s. 

"  It  would  be  impossible  too  strongly  to  recommend  this  work  to  the  beginner,  for  the 

completeness  of  its  explanations,  by  following  which  he  will  become  well  grounded 

in  practical  chemistry.  the  Introduction  by  Dr.  Buchner. 
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THE  PHARMACEUTICAL  JOURNAL  AND  TRANSAC- 
TIONS.   Published  weekly.  Price  4d.  Annual  subscription,  post  free,  20s. 


THE  YEAR-BOOK  OF  PHARMACY:  Containing  the 
Proceedings  at  the  Yearly  Meeting  of  the  British  Pharmaceutical  Con- 
ference, and  a  Report  on  the  Progress  of  Pharmacy,  which  includes  notices 
of  all  Pharmaceutical  Papers^  new  Processes,  Preparations,  and  FonnuliE 
published  throughout  the  world.    Published  annually  \n  December. 

8vo,  1S73,  '74.1  '75,  '76,  '77,  '78,  '79,  'So,  'Si-ios.  each  volume. 
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A  PHARMACOPCEIA,  INCLUDING  THE  OUTLINES  OF 
MATERIA  MEDICA  AND  THERAPEUTICS,  for  the  Use  of  Prac- 
titioners and  Students  of  Veterinary  Medicine.  By  Richard  V.  TusON, 
F.C.S.,  Professor  of  Chemistry,  Materia  Medica  and  Toxicology  at 
the  Royal  Veterinary  College.  Third  Edition  .  .  Post  8vo,  ys.  6d.. 
"Not  only  practitioners  and  students  of 

veterinary   medicine,   but  chemists  and 

druggists  will  find  that  this  book  supphes  a 


want  in  veterinary  literature."— C/^/ww^^ 
and  Druggist. 


R.  Bentley 

A  MANUAL  OF  BOTANY:  Including  the  Structure,  Func- 
tions, Classifications,  Properties,  and  uses  of  Plants.  By  Robert 
Bentley,  F.L.S.,  Professor  of  Botany,  King's  College,  and  to  the 
Pharmaceutical  Society.     Fourth  Edition,  with  1,185  Engravings.  . 

Crown  Svo,  15s. 

"As  the  standard  manual  of  botany  its  position  is  undisputed."— C/^mwif  and 
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R.  Bentley  and  H.  Trimen 
MEDICINAL  PLANTS:  being  Descriptions  with  Original 
Figures  of  the  Principal  Plants  employed  in  Medicine,  and  an  Account 
of  their  Properties  and  Uses.  By  Robert  Bentley,  F.L.S.,  Professor 
of  Botany  in  King's  College,  and  to  the  Pharmaceutical  Society ;  and 
Henry  Trimen,  M.B.,  F.L.S.,  Lecturer  on  Botany  in  St.  Mary's 
Hospital  Medical  School.  In  4  Vols.,  large  Svo,  with  306  Coloured  Plates 
bound  in  half  morocco,  gilt  edges,     II  11  s. 
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THE    MICROSCOPE    AND    ITS    REVELATIONS.  By 
,  W.  B.  Carpenter,  C.B.,  M.D.,  F.R.S.  Sixth  Edition,  with  26  Plates, 
502  Wood  Engravings,  and  a  Coloured  Frontispiece    .     Crown  Svo.,  i6s. 

*^*  The  author  has  aimed  to  combine  within  a  moderate  compass  that  information  in 
regard  to  the  use  of  his  instrument  and  its  appliances,  which  is  most  essential  to  the 
working  microscopist,  with  such  an  account  of  the  objects  best  fitted  for  his  study  as  may 
qualify  him  to  comprehend  what  he  observes,  and  thus  prepare  him  to  benefit  science, 
whilst  expanding  and  refreshing  his  own  mind. 

J.  H.  Martin 

A  MANUAL  OF  MICROSCOPIC  MOUNTING ;  with  Notes 
on  the  Collection  and  Examination  of  Objects.    By  John  H.  Martin, 
Member  of  the  Society  of  Public  Analysts,  author  of  "  Microscopic  Objects." 
Second  Edition.   With  150  Engravings      ....       Svo,  7s.  6d. 
*»*  The  aim  of  this  work  is  to  supply  the  student  with  a  concise  manual  of  the  prin- 
ciples of  microscopic  mounting,  and  to  assist  his-^rogress  in  the  manual  dexterity,  as  far 
as  illustrations  and  words  render  it  possible,  necessary  in  their  application. 
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SECTION  CUTTING :  a  Practical  Guide  to  the  Preparation 
and  Mounting  of  Sections  for  the  Microscope,  special  prominence  being 
given  to  the  subject  of  Animal  Sections.  By  Dr.  Sylvester  Marsh. 
Second  Edition,  with  17  Engravings  ....      Fcap.  8vo,  3s.  6d. 


rHE  QUARTERLY  JOURNAL  OF  MICROSCOPICAL 
SCIENCE.  (Established  in  1852.)  Edited  by  E.  Ray  Lankester,  M.A., 
F.R.S.,  F.L.S.,  Professor  of  Zoology  and  Comparative  Anatomy  in  Univer- 
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F.R.S.,  F.L.S.,  W.  T.  Thiselton  Dyer,  M.A.,  F.R.S.,  F.L.S.,  and 
E.  Klein,  M.D.,  F.R.S. 

Annual  Subscription,  30s. ;  Single  Numbers,  7s.  6d. 

***  Most  of  the  Memoirs  are  illustrated  by  Woodcuts  and  Lithographic  Plates,  many 
leing  Coloured.  The  Journal  contains,  in  addition,  Notes  and  Memoranda,  Reviews  of 
5ooks,  Quarterly  Chronicle,  and  Proceedings  of  Societies. 
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DOMESTICATED  ANIMALS.  Translated  from  the  Second  French 
Edition,  and  Edited  by  George  Fleming,  F.R.G.S.,  Veterinary  Surgeon, 
Royal  Engineers  ;  Author  of  "  Travels  on  Horseback  in  Mantchu  Tartary," 
"Horse-shoes  and  Horse-shoeing,"  "Animal  Plagues,"  etc.  With  450 
Engravings  .....        8vo,  31s.  6d. 

"  Mr.  Fleming  has  earned  the  gratitude  of  the  whole  of  his  profession  by  presenting  to 
:he  veterinary  surgeon  and  student,  in  an  English  dress,  one  of  the  best  and  most  com- 
prehensive of  Continental  text-books,  enriched  with  additions  which  prove  him  to  have 
t)een  a  conscientious  student  of  the  best  writers  on  the  Comparative  Anatomy  of  the 
Mammalia.  .  .  We  have,  nothing  but  praise  to  bestow  on  the  manner  in  which 
Mr.  Fleming  has  performed  his  viorV."— Medico- Chiinrgical  Reviav. 


y.  Fayrer 

PHE  THANATOPHIDIA  OF  INDIA;  being  a  Description 
of  the  Venomous  Snakes  of  the  Indian  Peninsula.  With  an  Account  of 
the  Influence  of  their  Poison  on  Life,  and  a  Series  of  Experiments.  By 
Sir  J.  FAYRER,  K.C.S.I.,  LL  D.,  M.D.,  F.R.S.,  Physician  to  the  Secretary 
of  State  for  India  in  Council;  late  President  of  the  Asiatic  Society  of 
Bengal.    Second  Edition,  with  31  Plates  (28  Coloured)     .     l-olio,  yi.  7s 

By  the  same  Atithor 

THE  ROYAL  TIGER  OF  BENGAL:  His  Life  and  Death. 
With  Map  and  Engravings  •  Crown  8vc,  56. 
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THE    POISONOUS    SNAKES    OF    INDIA  Com^^^^^^^^ 
JOSEPH  EWART,  M.D,  F.R.C.P.,  Surgeon-Mapr  in  the^B^^^^^^^^ 
Resident  of  the  Snake  Poison  Commission.   With       PJ^tes  (ig^be^  g 
Coloured)  

J.  R.  Greene 

TABLES  OF  ZOOLOGY:  indicating  the  Tribes,  Sub-Orders, 
Orders  ^d  Higher  Groups  of  the  Animal  Kingdom,  for  Students,  Lec- 
t'ilrerT  oSr"  By  J.  Wv  Greene  M  D.,  late  Pr^^^^^^^^^^^  of  Natural 
Histo^  in  the  Queen's  University  m  Ireland  Three  ^arge  sheets  5s. 
the  set  ;  or,  mounted  on  canvas,  with  roller  and  varmshed  .  .  12s.  Od 
•  ♦  These  Tahles  have  been  carefully  prepared  in  accordance  with  the  present  state  of 

Bcie^ce^^an^wTth  a  vfew  to  remove  the  difficulties  which  arise  from'the  various  opinions 

held  by  different  zoologists. 

T.  H.  Huxley 

A  MANUAL  OF  THE  ANATOMY  OF  INVERTEBRATED 
ANIMALS.   By  Prof.  HUXLEY,  LL.D.,  F.R.S.    ^^^^ Eng^ra^vmgs.^^ 

By  the  same  Author 
A  MANUAL  OF  THE  ANATOMY  OF  VERTEBRATED 
ANIMALS.   With  no  Engravings      ....      Fcap  8vo,  12s. 

Also 

INTRODUCTION  to  the  CLASSIFICATION  of  ANIMALS. 
With  Engravings.    Second  Edition  In  the  Press. 


IV.  M,  Ord 

NOTES  ON  COMPARATIVE  ANATOMY:  a  Syllabus  of 
a  Course  of  Lectures  delivered  at  St.  Thomas's  Hospital.  By  William 
Miller  Ord,  M.B.  Lond.,  M.R.C.P.,  Physician  to  the  Hospital,  and  Lec- 
turer in  its  Medical  School  Crown  8vo,  5s. 


7.  Shea 

A  MANUAL  OF  ANIMAL  PHYSIOLOGY.  With  Appendix 
of  Examination  Questions.  By  John  Shea,  M.D.,  B.A.  Lond.  With 
numerous  Engravings  Fcap  8vo,  5s.  6d. 


A,  Wilson 

HE  STUDENT'S  GUIDE  TO  ZOOLOGY: 
A  Manual  of  the  Principles  of  Zoological  Science.  By  Andrew  Wilson, 
Author  of  "  Elements  of  Zoology,"  and  Lecturer  on  Zoology,  Edinburgh. 
With  Engravings  Fcap  Bvo,  63.  6d. 
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AN  INTRODUCTION  TO  PHYSICAL  MEASUREMENTS 
With  Appendices  on  Absolute  Electrical  Measurement,  etc.  By  Dr  F 
KOHLRAUSCH.  Translated  from  the  Second  German  Edition  by  T.  H 
Waller,  B.A.,  B.  Sc.,  and  H.  R.  Procter,  F.C.S.    With  Engravings. 

8V0,  I2S. 

G.  F.  Rodwell 

NOTES     ON    NATURAL  PHILOSOPHY: 

Lectures  delivered  at  Guy's  Hospital,  by  G.  F,  RodweLL,  F.R.A.S., 
Science  Master  in  Marlborough  College.    With  48  Engravings.  ' 

Fcap  8vo,  5  s. 

"As  an  introductory  text-book  for  this  'Notes'  chiefly  consist  of  lucid  and  con- 
Examination  [the  Preliminary  Scientific  cise  definitions,  and  everywhere  bristle  with 
(M.B.)  of  the  University  of  London],  it  is  the  derivations  of  scientific  terms."— 
quite  the  best  one  we  have  seen  .    .    The  Nature. 

H.  B.  Baildon 

THE  SPIRIT  OF  NATURE;  being  a  Series  of 
Interpretative  Essays  on  the  History  of  Matter  from  the  Atom  to  the 
Flower.    By  Henry  B.  Baildon,  B.A.,  M.P.S.        .        Post  8vo,  6s. 

L.  Price 

A  MANUAL  OF  PHOTOGRAPHIC  MANIPULATION. 
By  Lake  Price.     Second  Edition,  with  numerous  Engravings. 

Crown  8vo,  6s.  6d. 

*^*  Amongst  the  Contents  are  the  Practical  Treatment  of  Portraits — Groups  in  the 
Studio — Landscapes — Groups  in  Open  Air — Instantaneous  Pictures — Animals — Architec- 
ture— Marine  Subjects — Still  Life — Copying  of  Pictures,  Prints,  Drawings,  Manuscripts, 
Interiors — Stereoscopy  in  Microphotography,  &c.,  and  Notices  of  the  last  Inventions 
and  Improvements  in  Lenses,  Apparatus,  &c.. 

T.  F.  HardwicJi  and  J.  Traill  Taylor 

HARDWICH'S  MANUAL  OF  PHOTOGRAPHY.  Ninth 
Edition.  By  J.  Traill  Taylor,  Editor  of  the  Photographic  Times  and 
Afnerican  Photographer^  and-  formerly  Editor  of  the  B?-itish  Journal  of 
Photography  Fcap.  8vo.   In  the  Press. 

C.  B.  Fox  ; 

OZONE  AND  ANTOZONE:  their  History  and  Nature.  By 
Cornelius  B.  Fox,  M.D.,  late  Medical  Officer  of  Health  for  Central 
and  East  Essex.    With  Coloured  Plates     .  .  8vo,  12s.  6d. 
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THE  LONDON  WATER  SUPPLY:  Being  Reports  sub- 
mitted to  the  Society  of  Medical  Officers  of  Health,  on  the  Quality  and 
Quandty  of  the  W  to  the  Metropolis.  By  Charles  Meymott 

fiDY  M.B.,  F.C.S.,  Professor  Of  Chemistry,  &c.,  at  the  London  Hospital, 
Medical  Officer  of  Health  and  Public  Analyst  for  Islington. 
For  lo  years  ending  1877, 4to,  2s.  6d.  ;  for  1878,  8vo,  6d. ;  for  1879,  8vo,  6d. 


C.  Ekiit 

POTABLE  WATER:  How  to  form  a  Judgment  on  the 
Suitableness  of  Water  for  Drinking  Purposes.  Addressed  to  Medical 
Officers  of  Health,  and  Sanitary  Authorities,  &c.  Second  Edition.  By 
Charles  Ekin,  F.C.S.  .  •  •  Crown  8vo,  2s. 


J.  Constantiiic 

PRACTICAL  VENTILATION  AND  WARMING.  With 

Illustrations  and  Examples,  and  Suggestions  on  the  Construction  and 
Heating,  &c.,  of  Disinfecting  Rooms  and  Turkish  Baths.  By  Joseph 
CONSTANTINE,  Manchester.    With  52  Engravings  and  Plates   .    8vo,  6s. 


R,  Dunglison 

MEDICAL  LEXICON:  A  DICTIONARY  OF  MEDICAL 
SCIENCE.  Containing  a  Concise  Explanation  of  the  various  Subjects 
and  Terms  of  Anatomy,  Physiology,  Pathology,  Hygiene,  Therapeutics, 
Pharmacology,  Pharmacy,  Surgery,  Obstetrics,  Medical  Jurisprudence,  and 
Dentistry,  Notices  of  Climate  and  of  Mineral  Waters,  Formutefor  Officinal, 
Empirical,  and  Dietetic  Preparations  ;  with  the  Accentuation  and  Etymo- 
logy of  the  Terms,  and  the  French  and  other  Synonyms.  By  Robley 
Dunglison,  M.D.   New  Edition,  by  Richard  J.  Dunglison,  M.D. 

Royal  8vo  (1,130  pp.),  28s. 

"This  title,  ambitious  and  exhaustible  as  it  is,  simply  and  truthfully  describes  this 
most  valuable  and  learned  work,  which  briefly  but  distinctly  gives  any  one  who  consults 
it,  in  the  most  accessible  form,  a  vast  amount  of  information  on  medical  terminology  of 
all  kinds." — Edinburgh  Medical  Jotirnal, 


R.  G.  Maync  and  J.  Maync 

MEDICAL    VOCABULARY  :    being  an  Explanation  of  all 
Names  and  Phrases  used  in  the  various  departments  of  Medical  Science 
and  Practice,  giving  their  Derivation,  Meaning,  Application,  and  Pro- 
^ '  ^i--  ^  ^  ^       Fcap  8vo,  los.  6d. 


nunciation.    Fifth  Edition 


*'  We  have  referred  to  this  Work  hundreds 
of  times,  and  have  always  obtained  the  in* 
formation  we  required  .    ,    .  Chemical, 


Botanical,  and  Pharmaceutical  Terms  are 


to  be  found  on  almost 
Chemist  and  Druggist, 


every  page.  ' — 
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